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PREFACE’

Since May, 1970 personnei on several é;%puses of tﬁe University
of Célifornia have been conduc;ing a NASA-funded investigation which
seeks toAdetermine the usefulness of modern remote éensing'techniques
for studying various components of California'§ earth resources com-'
plex. From the outset most of this work has concentrated on California's
watér resources, but with some attentionibeing given to other earth
resources as well ana to the interplay between them and California's
water resources,

in ifs broadest sense, the term ''earth resources'' pertains to all
matter that is present ét or near the surface of tHe earth, be it
mineral, vegetable or animal. Thus it includes not iny'relatively
inert components as rocks, soil, water and aif; it afso includes such
dynamic components ag'fimber, forage and agricultural crops, as well

- as livestock, fiéh and wildlife.

The fact that these resources‘must be managed as wisely as pos-
sible has come to our attention with increasing forcefulness in recent
years. >A genuine sense of urgency, in fact, has resulted.from our’
realization that the demand for these resources, whether on a local,
regional or global basis, i§ rapidly increasing at the very time when
the supply of many of them is rapidly diminishing or their quality is
fapidly detefiorating.

The ratiénale by which remote sensing of the earth's surface can
lead to wise manageﬁent of ‘the earth's resources is not a complex one.

in fact it can be expressed'in a simple two-part statement, as follows:
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1. Wise management of these resources is greatly facilitated if

timely, accurate inventories of them are periodically made available

of "what' he has 'where'',

2. Almost invariably the making of such inventories can be
greatlyAfécilitated through the use of modern remote sensing tech-
niques by means of which photographs and related records about these
resources are obtained periodically from aircraft and spacecraft. fhe
favorable vantage boint offered by these two kinds of vehicles is of
great importance. Since the face of the land looks to the sky, it
often .is tée view of the earth's surface as obtéined from an aircraft
or spacecraft‘which can best provide the resource manager with the
information that he needs.

fhe study dealt with ‘in this Progreés Report seeks to apply the
foregoing concepts in the making of an integrated study of earth
resources in the state of Californfa using remote sensing techniques.
Many.of the eartﬁ resource componénts in California, as in most othe}
parts of the world, are dynamic rather than static. Therefore, it is
mecessary for these resources .to be inventoried frequently and rapidly --
frequently so that resource trends can be followed -- rapidly so that
resource management decisions can be made and implemented while the
inventory data are still current. Our present studies, based largel*
on -NASA-flown photography, are ining major emphasis .to such consider-
ations. These studies give particular consideration to the opportun-
ities that currently are being afforded for satisfying these require-

ments through the use of data being acquired by the first Earth
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Resources Technology Satellite (ERTS-1).

The wise management of eargﬁ'resources in_an area such as the
state of California depends, however, on far more than -the mere acquir-~
ing of timely, accurate resource inventories. Even when given suchl
information, the resource manager could.easfly make wrong decisions if
he were to ignore certain important socio-economic factors. Alter-
nately stated, human needs and emotions cannot be overlooked (par-
ticularly in these days of the environment ﬁcrusaderé“) as we seek
Better to manipulate earth resources, whether on a focal, regional,
national or g]obal.basié.-

As will be indicated in the present progreés report, due cbnf-@—\\\

sideration is being given to each of the foregoing factors in this

“integrated” study.

Robert N. Colwell
Principal Investigator
June 30, 1973
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Chapter 1
- INTRODUCTION

From the outset those of us who have,begn participéting‘in ;his
projectvhave recognized‘that little would be accomplished if we
attempted toAinQestigate, at the éutsét, all éomponents_of California's
eﬁtire earth resour;és complex statewide. Ideally we would bégin our
study by investigating some discrete phase of this éomplex which,
although of limited scope, wéuld requife é consideration of both the
=resource'interrelationships and the attitudes of the people in a very
sizeable part of the'state. Given tﬁese ambitions and constraints Qe
tentatively selected fhe'“California Water Project' as the focal point
for the initial phase of our study.. | |

Although many aspecté of our initial study (dealing with the Cal-
ifornia Water Project) are éontinuing, we'haQe.récently under taken a
study of certain other phases also. Notable amohg these are studies
by the Bérkeley, Santa Barbara and Riverside campﬁses dealin§ with
coastal resources and coqétal\phenomena. It has been pointed out to
us by personnel of the Cé]ifornia Resources Agency tHat.approximately
80 percent of the people of California live in the Coastal Zoﬁe. This
fa;t suggests that the many conflicting proposalé for use of thé
resources in this zone might better be eva]uéted in the light of infof-
mation derived through remote sensing studies such as ours.

In reﬁent months, several of the training courses which have been

'taUght by scientists from our multi-campus project have been attended
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primarily by scientists from California's Administrative Branch who

seek to learn how they can most effectively use data of the type which
~N

ZERTgtanaw”H}gﬁrffféht“ {mégéryﬁékilééiaz{éé,/éhé Leféériéé m%nage
California's earth resources. | |
Additional activities recently engaged in by our group stem from

our realization that implied above and expressed as follows: the
providing of useful information about earth resources through the use
of remote sensing techniques is, at best, a difficult task. .jn_faét;
it becomes anvalmost futile task if only one image of the afea of
interest is given in the completély unenhanéed from, td-one»ana]yst,
and hé uses only one approach fn attempting to.exfract information

froﬁ it that might be of use to only one of the host of pqtential
beneficiaries of such information. In contrast with this limited
approach, there are several techniques available to an image analyst,
each of whiéh, we are finding, may add a small amount to his ability

to imbrove the usefulness of resource information that he is attempting
to provide. Furthermore, the overall usefuiness of the final produét
may be improved far more than might be suggested merely by summing up
“the -improvements -made ~possible through Tndividua]ly,employ}ng‘these
various techniques, as appropriate. Hence, at some point in the pfocess-
a threshold is crossed, to the left of which the information acquired -
by remote sensing is virtually worthless and to the right of which it
becomes;pTogreSsimelyzmorg,uSeﬁui,«evenfto“the point of becoming the
most useful combination of tools and techniques available to those

interested in achieving the wisest possible management of this globe's
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:ritically limited complex of earth resources.
The foregoing considerations are reflected in the chapters which

Follow.
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-DEFINleON OF EARTH RESOURCE POLICY
AND MANAGEMENT PROBLEMS IN CALIFORNIA

Co-investigator: C. West -Churchman
Contributors: Ida Hoos and William Gotcher
Social Sciences Group, Berkeley Campus

2.1 . INTRODUCTION

‘Under the Integrated Study, our Social'Sﬁiences.Group'has a number
of objectives: (1) to ascertain the presentrfunctidns'and.methods of
_operation of'the_varidus Divisions of the State Débértment of Agficulturei
(Z)Ito.identify those which could ultimately utflize ERTS and other remote
sensing data in berforming their activities; (B)Fté determine iﬁ spéciffc
terms the ”climate-of.aCCeptanﬁé”-For rembte]y-sensed data; (k) to investi-
- gate-and assess the user potential of ERTS‘as}ehvisioned byvreéourée mana-
gers in government; and (5) to study the ways in which dafa‘enter into thé;_
resgurcéimanagement decision process, the létter with a vieQ-to learhing
how -data derived from remote sensors coq]d affect and, perhapé, improve
thé process.
2.2 WORK PERFORMED DURING THE PERIOD COVERED BY TH!S-REPORT

During the period under review, the Social Sciences GrOup has
made sighificant progréss toward accomplishing its goals as part ofﬁ
the Integrated ERTS Project.  As was reported earlier, the California
Department of Agriculture was selected as a potential beneficiary d?_

ERTS data. This is consistent with the official statement of the

National Academy of Sciences Committee on Remote Sensing for
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“Agricultural Purposes: ''For -resources to be managed wisely, there

must be accurate and timely .information, and remote sensing from

Té;;bépace.platformsvto provide quantitative data from which 'large
amounts of needed information can be extracted. Much of this can

be made available not only to responsible officials but to the public
at large."”

The initial phaseé of the work took the form 6f a canvass of the
various divisions of the State Départment of Agriculture withAinter-
views with key personnel. Entree and excellent working relationships.
ware gained and established through the cooperation of Mr. Earl DéQis,
the State Coordinator of Remote Sen;ing,'and the active participafion

. of Dr. Gordon F. Snow, Acting Director of Agriculture for the State.

Our -study, which began before fhelJuly, 19f2 launching of ERTS,
has establjshed "ground truth'' in the socio-political arena. In chér
words, we have become familiar with the terrain so as to be better
prepared to observe the uses to wHich new déta are but and, eventually,
their effects. It can be noted, at the outset, that the official
"elimate of acceptance'' in the State Department of Agrjculture assures

" a ready welcome for ERTS data.

As early as 1937, under enabling legislation known as the Califor-
nia Marketing Acf of 1937, aerial surveys wefe made of peach orcﬁards'
as a means of carrying forward eétimafes_of yields and'production. Some

-

of . the very~same governmernt officials and industry representatives

“National Research Council, National Academy of Sciences, Committee on
Remote Sensing for Agricultural Purposes, Remote Sensing, with Special
Reference to Agriculture and Forestry, 1970.
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instrumental in these earlier efforts have now ''graduated'! to the
conceptual level of ERTS. In the 1967-68 Biennial Report of the
California Department of Agriculture, the Bureau of Agficultural
Statistics, which operates jointly under Staie and Federal sponsor-
ship, referred specifically to the use of aerial photography iﬁ
determining fruit acreage inven;ories and indicated ongoing experi-
.mental work in the mapping of fruit and nut plantings in severalb
countries, | |

W. Ward Henderson, Chief of the Bureau, suggestgd that in
addition to the more obvious.benefité that mighi.possibly flow from

ERTS and other remote sensors, information that would yield earlier

and morevreliable forecasts and éstimafes of production could Have a
profound effect on ihdustry strétegy andqu]itics. By taking some of
the guesswork out of the bargainingvproceduresAbetween growers and
“processors, ERTS daté might lessen tensions. -Ultimatély, refinement
of crop éstimation-énd, conséquently, more- efficient planning, with
processors' risks lessened, could have a stabilizing effect on the
bargaihing and marketing processes. Mr. Henderson foresaw as a primary
~ outcome a clearcut benefit to‘the consumer of agricultural products.
While inéreasing competitive pressures in égricu]ture and tontinue&
emphasis on marketing have Heightened the dzmand for improved statistical
data, ''the basic infofmatidn is still obtained on a voluntary Basis frqm
farmers,. stockmen, hatcheries, dealers, processors, warehou5emen,1¥rans-

portation firms, merchants, marketing organizations, and others'’

“State of California, Biennial Report, 1957-1968, California'Dgpartment
of Agriculture, pp. 68-9.
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identified with the State's agricultural ‘industry, .as well as from

County Agricultural Commissioners. It is the view of an official in

’theADivision of Marketingrand'Services that:some of the main sources

of current information cannot be relied on. Supplying the data is
tedious and costly; if a marketing order were terminated with cessation
vof surplus control, the affeéted industry would probably curtail jts
reporting. If this wsre to occur, serious gaps would dévelop in the
-data. Against such a contingency, the repetitive and continuous aspects
of ERTS reporting offered a promising antidote.. Moreover, the édvan-
tages of continuous reporting become clear when one observes the long-
range effects of orderly planning in the production of food. From the
orchard to the grocery'basket, every sfep in the chain is in a dependeﬁt
sequence, and miscaliculations and poor synchronization are costly. It
mighf well be that the ultimate beneficiary of ERTS'data, intelligently
utilized, would be the consuming public.

The Bureau of Plant Industry, especially in both its Control and
Eradication and its Exclusion and betection Divisions, has a long
history-of interest in remote sensing techniqués. Dr. Gordon F. Snow;
Special Assistant to the Director of Agriculture, prepared a proposal
three years ago for the use of remote sensing capability in deteéting
plant diseases, specifically, yellow leaf roll virus in peach and.
nectarine trees and branched broomrape in tomato plants. The Bureau
-of *Plant Industry-ks especially “concerned with "the uses:of ERTS.)TIn
fact, the staff assistant to the State Coordinator of Remote Sensing,
is a plant pathologist (Dr. David Adams), formerly with that Bureau.

Dr. Adams works closely with members of our Integrated ERTS project,
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notably with the Remote Sensing Labo;atory and with the Social Sciences
Group. He anticipates that the survey work eventually accomplished
through remote sensing will bé cheaper and better than that now achieved
through field work and that, fhrough this change-of orientation, spééiai-
ists will be released for more important analytical tésks. At presént,
Dr. Adams is developing an expefimental controlvproject on a virus
problem in the Ventura cftrus groves. Both the University of California ,
RémoteVSensing Laboratory and the NASA-Ames Research Center have been
consu]ted,‘Sin;e'there appéars to be ;he'prospect for a édmbinatioa

of ERTS and U2 low flight éhotograﬁhy. With grower associations haQing
evinced interest in thé project, this experiment could provide a useful
mode | fpr genuine fntegration of activity at all Ievéls, from NASA through
to the public.

As background for tHe data utility assessment that at some appropriate
later date must be mage, we have gaphered research materials on the uses
of ERTS by other experimenting groups and .at other sites. In thevavail- '
able reports, there seems to be considerable preoccupation with technical
details, e.g., equipment‘for data analysis and arrangements for ground
reconnais;ance. ""Progress'' is limited to the acquirihg of personnel
or assigning of tasks. The situation in California seems considerably
more advanced. Favored by nature, California produces on a commerical

basis some 200 agricultural products, under tremendously varying conditions -

from Morth to South, and from high to low elevations, with extremes of temper-
ature. With agriculture its foremost industry, the State's Department of

Agriculture is a highly respectéd body with a long history of high
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orofessional standards. Frow the view of high ‘level policy as it pertains

the State, reference should be.-made to the State Board of Agricul ture,

-which is appointed by the Governor as.advisory'ég him; fﬁérghé{gﬁéﬁ
of this Board is an ex officio member of the University of Califofnia
Board of Regents. These details are provided aé an indication of the
State of California's explicit recognition of fhe importance of its
agriculture and, for our specific and proximate purposes, as the
structure with and within which we are working in our ERTS endeavors.
Not surprisingly, in view of California's sophistication in matters
agricultural and because of its history with reépeét to remote sensing,
we have encountered considerable interest in ERTS, as well as-a subs tan-
tial degree of open-mindedness on the part of,ﬁotential’users.'AIf there"
exist the traditional bureaucratic resistance and recalcitrance toward
innovation, there is no evidence to that effect at this early stage.
What seems to be imminent, however, is the danger of an oversell created
by a small sector of enthusiasts whose optiﬁiSm has caused them to over-
look the enofmous gap betwsen ERTS imagery and usable information.  Thé
disparity between the confideant speeches andbtreétises abéut'ERTS and
related technologies as likely instruments for revolutionizing the
management of plant, soil, and water resources and thé reality, i.e.,
“"ground truth,' becomes dramatically evident when one moves out of the
iéboratory and into the field. Wh;ie'there is high-level preoccupation
with the technology of remote<sensing and considerableladvance in the
state-of-the-art, little attention has been paid to the mechanisms

by which ERTS data could be moved into channels readily accessible to
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users. That this is not exclﬁsively a California problem but:rather,
one that characterizes the ERTS progfam is suggested in the State of
Ohio report (July 1972).% |

There, problems arose at the very elementary'level_because of the
need by certain individuals for pfecisa informatioﬁ as to when the
spacecraft would pass over specific areas in Ohio. In Califofnia, no
such lack exists. Consfderablé publicity has been given to ERTS
activities and to the'likeiy benefits ‘to be derived from them., But
there exist no direct‘channels-for'disseminating informatfon to the
potential.user, Tﬁe connection bethén the $cientiffc,experimentation
and the users of ERTS data usuéiiy is poorly dafined 5r,nqnex?stent.
For'example, the U.S. Department of Agricﬁlture issued a newsvbullétin
(May 26, l972)**that_hailed the launching of ERTS-A as 'an important
step in helping agficulfﬁral scienﬁists develop‘befter téchnélogy‘td
manage plant, soiT,'and wafer resources.'' Then follows a descripfion
of ERTS: ''ERTS-A will gafher information on vegetation, soil, andbwater
faster than it can be gathered with aircraft or ground oBservations.”
The four experiments bylfﬁe Agricultural Researéh Science aré then
‘described. The bulletin then concludes with these words:  'No one can
accurately assess the va]ué of remote sen;ing for world agriculture.
It islestimated that in the United Stétes alone, fire, insects, and

disease cause S$13 to $20 billion in losses annually. ‘Early detection of

e

State of Ohio, Department of Development,"Relevance of ERTS to the
State of Ohio, N72-29273, July 1972.

#U.S. Department of Agriculture, News, USDA-1783-72.
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these enemies could provide forimoré timely application of effective
...control measures and thereby reduce the magnitude of losses." These
*noble generalizations fail to recognize the ground truth. In Catlifornia,
for example, the channeis by which ERTS information can be disseminated
have not yet been clearly defined, nor have the buréaucratic mechanisms
that caﬁ e*pedite the process of information transfer.
Our research leads us to believe that infofmation dissemination,
as conceived by the architects of the ERTS program, does not officially
include users at allf The data flow stops with the Principal Investigators,
who are not users, but in the final analysis, technical middle men.
while these peoplévplay an important role, the real test_bf ERTS Iies-t
beyond them, in an unstructured, unmapped no maﬁ‘s land. .Here exist the
users, whose experience should, optimally, provide NASA with feedback to
guide the evolution of future satellite systems .  If ERTS fs to achieve
its promise, it will be through the»aétivities of the users, be - they
government agenciés, grower groups, or private individuals, and not
the technical specialists.
In this respeét, the conclusion of an CECD‘Working Groug of Scient~
ific and Technical Information are pertinent:
The effectiveness of human activities can only

be assessed on the basis of a complete chain of events,

vhich passes from scientific knowledge and its creation, _

through the stages of technical research and through

many many cdémplex decisions, to the production of goods .

©or service, integrated into an economic-and political

‘system. 'Exchange of knowledge is needed within each
group of men concerned at each stage of this chain;

2-8



it may need translating into.ahother.”languége“
for transfer to other groups engaged ‘in other
tasks.* : '
The Working Group concluded that the spectacular success of

development in Japan was due in large part to the "efficiency of

their knowledge transfer mechanisms.'

For us who are observing at first hand growing sophistication

in the_acquiring and Stofing of infofmation but a déarth'of Skili in
implementing its fu]l.ufiliZatioh, these findingé have special - impbrf.
Our éontacts with a 1arge number of government'agencieé reveal the
~problém of.information'ménagement, in the sense of iﬁtefpretation, tran§-
fer, dissemfnation,.and utilization, -as crucial to fhe.ultimate.éuccessg
.of and 5upportAfor ERTS. It is for thi; reason that we staté oqr-reseafch
findiﬁgs, even at this relatively early.stage, in éuch emphatic térms.

We are convinced that the communication lack is ‘a severe deficiency
in the overall ERTS program and, in ‘fact, havenaevoted some. of our

1 .
efforts -to ascertaining the Ways in which ‘ERTS data could ultimately

be put into public service. Besides our work with govermment agencies,
we have begun makiﬁg“conﬁact with .grower associa;ions. jWe‘have'leérned'
ﬁhat they might be a pofént force in getting ceftaih Divisions of tﬁe_
State Department of Aér?gu]ture to fake:a more active role in acduir—

ing and using ERTS data. Our primary contact to dafé has been with

the California Canning Peach Association. At.a meeting wfth that group

on December 1, Professor Robert N. Colwell, Principal Investigator of

the Integfated-Projectfmade‘a presentation about ERTS technoTOgy, 7ts
potential, -and its limitations. ODr. Ida R. Hoos, of thé Soéia]chi-

ences Group, pointed out how the farm organizations and commodity groups

*0rganization for Economic Cooperation and Development, Information for
-a Changing Society, Some Policy Considerations, Paris, 1971, p. 13.
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could serve as an important medium of information exchange and communica-
tion. In the discussion which followed these presentations, members of -
logical developments, but cénsiderable mystification as to how they might
put such developments to practical use. One of the most promising appli-
cations appears to be that of mimimizing eafly spring frost damage to
peach” orchards by using ERTS-1 data to help monitor the ;oil moistﬁre
status of each orchard. |If the soil moisture is maintainea above a cer-
tain level, thé likelihood of forest damage is greatly feduced; The stage
was set in this first.meetihg for many profifable discugsioﬁs ét future
| meetings, both with this and with several other ''grower' groups.

2.3 PROPOSED FUTURE WORK

Building on the réview that we have made of the respective-Divisionsl
of the State Departmenf of Agriculture, our Socia] Sciences Group intends
to explore further the speéific ways in which theée government bodies havel
used or conceive that they can inkthe future use ERTS data. Herein lies
the way that the technology of remote'sens?ng can be assessed in realistic
terms. Since putting the technology to useful wofk is 6ﬁ¢ of NASA'S baéié
goals, this research is both goal- and action-oriented. The State of
Ca]ifornia; with its enormous variety of products and diversity of growing
conditions, has provided an appropriate test site. Observations relative
to uses which can be made of ERTS-1 imagery, in all its manifestatiogs and
ramifications, can,provide lessons in the immediate appliéability‘not on]y'
throughout the United States but in other countries as well. Some agencies

in the State of California have begun, through the University of California's
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Remote Sensing Laboratory and with the active participation of its-techni-
cal specialists, to experiment with ERTS iﬁaéery as a source'of infqrma-
tion to help them carry out their Functions. How this information is put
to use within State Government ana its real and anticipated effects on
decision-making processes with respect to resource management willvbe
studied and reported;_ |

We plan also’to carry»férward the work we have beéun with férm organ-
izations. Because they traditionally have serQed as a vehicle or channel
througﬁ which information is delivered to the farmers and growers, they
must be recognized as a vital link in the'communicatiohs'éhain betweéﬁ
ERTS and the ultimate consu’mer_f We waﬁt-to ascertéiﬁ whether and how
ERTS déta cén become a useful input in the Califérnia ﬁtate Departmeﬁt‘of
Agriculture's functioning and, moreover, in the farmer's production func-
tion. We expect, further, to learn, through experimentation now-underWay,
whether aeria]tphotography might serve a more immediate need, The greafer
fesolution avéilable through high altitude flights, as compared with sat-
ellite imagéry, mighf yield more useful results, at least in certain types
of agricultural survey work. |

To assess. the advantages aﬁd dfsadvantages, benefits and shortcomihgs
of remote sensing-derived data, we will continue our field studies of the
State Department of Agriculture and of the grower associations most likely
to be responsive to new management modes and to new sourées of information --
ERTS and aerial, As before, we will continue to cooperate With the“Stateis
Coordinator of Remote Sensing, Mr. Earl Davis, and with his assistanf, Dr.

David Adams. As always, we will draw upon the technical expertness of
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the Remote Sensing Laboratory at the University of California and will,

wherever appropriate, work in conjunction with the specialists from the

“vafFious campuses.’
We observed earlier th;t'there is a mérked discrepancy between the
attention being paid to the technical aspects of ERTS and the interest in
exploring applicability and tes;ing utilizatiqn.> This Has contributed to
a wide gap between the technological sophistication of ERTS and the capa-
bility of socioeconomic mechanisms to réceive and use the data, even if
only on a trial basis. While the resulting mismafch might be expected
and accepted at early stages of ERTS, ité persistence could be detrimental_
to its objectives‘as.stated by Mr. Charles W. Mathews at the time of the

ERTS launching. These objectives were user-oriented. Our intentioﬁ,

therefofe, is to move forward in the attempt t§ ]ink‘the Qsers into the
communications chain. Connecting the obserying capability of éarth
resources satellite and other remote sensfng technologies to the nation's
food producers constitutes an important step in assuring the success of
and public support for NASA's efforts. This is a matter which the Soéiél

Sciences Group will continue to explore and, wherever possible, implement.
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Chapter 3

USER REQUIREMENTS FOR THE APPLICATION OF REMOTE SENSING -
IN THE PLANNING AND MANAGEMENT OF WATER RESOQURCE SYSTEMS

Co-lInvestigator: Robert H, Burgy
Department of Water Science and Engineering, Davis Campus
3.1 INTRODUCTION

The course of this fnvestigation toward use of remote Sensing’as'a_
new tool in the routine activitjes'of water resource planning aﬁd manage-
ment groups in many private and public entities has followed a three-staée'

- development. As reportéd fn two previous annual summaries and brggreés'
statements, users' needs for hydrologi; information were determined and
classified into catégories-under headings listed’as components of the
"runoff cycle'.

Secondly, these components wére identified as subsystems of a gener-
alized hydrologic system. The elements were then resolved into two
classes of informational needs; namely, operational pafameters, and.spe-'
cialized parameters for research and development. The former class has
a broader and possibly s?noptfc character in comparison with the laﬁter
and, in many instances, repreéents the kind and form of information most

_necessary for direct application to large scale resource operations as
well as to planning functions. )

Within the parameterization framework, the reso]ution,'frequengy,
type and form of data were outlined, and a sample of standard methodo]ogy

in current usage was noted. And finally, the ''state of the art'' method

and spectral region for remote sensing of the parameter was suggested.

Original photography may be gurchaied tmmi
EROS Data Center
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This third phase of the study deals with the application of remote
sensing to the solution of problemé of planning and management of water

resource systems. . N

“The objective herein is to deviseqtﬁe means ~and methods whereby a new
data source (remote sensing) may be'incorporated‘into existing operational
procedures currently in use by management égencies concerned with hydrologic
and water resource systems. Alternatively, the necessity of generating newl
" approaches for - the application of remotely sensed data is anticipated for
certain functions not adaptable to the new technology.

Progress in this phase is seemingly more deliberate, seeking to find
applications where most rapid imblementation can be affected to demonstrate
the utility of the technology.

3.2 WORK-PERFORMED DURING PERIOD COVERED BY THIS REPORT .

Three areas of hydrologic épp]ications have been .defined for this
period, scoped to be compatible with'other efforts in connection with the
Earth Resources Technology Satellite research conéurrently under study by
this project team. )

Availability of the multilevel data platforms afforded by low-fligﬁt
‘aircraft, with groﬁnd measurements made concurrently; high-flight imaéery
(U-2) both'pre- and post-ERTS launch; and the multispectral H.channels
scanner imagery produced by ERTS-1, on a repetitive 18-day cycle permiting
some comparative assessment.

This daté is acquired for a series of specific‘tafgets in the Central
California Region defined as the Delta™Test Site, with soheaperipheré(
input from scans made in adjacent areas of high mountains and in the San

Francisco Bay Area and North Coastal Region.
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Among many possible user neeas, which have been considered, several

have been selected for initial evaluation. Examples presented are typical
operational tasks of water resource‘managers. These i]lustrations ref]ect
areas of progress'principally because of the concurrent efforts being made
by the project team in analysis and u;i]fzation 6f the ERTS-! imagery.

Sample studies iﬁclude three common to our ERTS-I research work,
as well as for proposed skylab app]ication: |

1. Gross water qualify changes in deltaic regions,

2. Opfimization of multiple-use management of large water resource
systems, |

3. Prediction of snoWﬁack wvater yields from high mountain regions.

Progress has been made in the first two subjects. Work on snow,
Awhich is cooperative with the staff of the FRSL.(Berkeley) has been
limited pending receipt of winter season data now being acquired and

distributed.

3.2.1 Water Qualfty and Water Resource Systems Application
Significant progress in monitoring certain -water quality constituents
in both natural and maﬁ-made water bodies like 1akes, re§ervoirs and river
systems has been made in the initial teéting of satellite data capabilities.
Three additional levels of image platforms were used in ‘conjunction with
the ground truth work to select the image format, define the spectral
bands, and to select optimum target sites for various quality conditions.
Figure 3;1 depicts the general area of the investigation and denotes
fifteen specific target areas, subject to future amendmen;. .Intensive
efforts were made at the site of theAconfluence of the Sacramento and.

American Rivers in Sacramento, California and in the Lake Berryessa area.
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Figure 3.1. Selected study areas in San Francisco Bay and
Sacramento-San Joaquin River Delta Test Sites.
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Clear Lake and Folsom Lake are also being included in the reservoir
systems being monitored. The identification of the nuhbered sites is
presented in Tab]g 3.1.

Discussions have been held wfth the agencies (local, state and
fedérai) principa]ly-fesponsible for conduct of ongoing water qUality field
monitoring programs for tHe sites and tentative arrangements for early
access to data écquired have‘Eeen hade.

Agencies inclpde the Cafifornié Department of Water Resource§ and the -
U.S. Bureau of Recfamation who jointly operate the Delta’Water Quality'

- Monitoring Program, both in-house and via contracfed services. Other local
sources for specific areas Have been used.. Supplemehtation of these ﬂata;
by project pefsonnél in a regular field measufement program fér the primary
sites has been made operatioﬁa] on a bi-weekly (or hore often) basis con- -
gistent with weatherbphenomena and ;o vefify séasonal chanées associated
with physiéal andbbiologfcé] characteristics of the watér-bbdies.

Table 3.2 presents a summary assessment of the water quality and
important_physical paramefers of interest to-water resource managemenf as

potentially capable of definition by remote sensing.

Table 3.1 ' ' "~ Selected Study Areas

Sacramento -.San Joaquin River.Delta Region, California
1. Lindsey Slough |
2. Sacramento River near Rio Vista
3. Andrus l!sland (Braﬁnan Island)
4. Beaver Slough ‘ -
5. Hog Siough |
6. éycamore Slough

7. Frank's Tract
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Other Sites \

8. Colusa Basin Drain into Sacramento River

= == o acoeDT

:ngMgpifggygﬁvaa(E:(Fogf}ugnce_gf:gmericanJ§¢§Eg£§m§ngqxﬁjv§f§:égiixﬁdf
‘Sacramento) |

lO.A Suisun Bay

11. .San Pablo Bay (Salt concentration ponds)

12. Lake Berryessa

13." Davis - Municipal Sewage Stabilization Ponds

14, Lake Washington (Port of Sacramento)

15. Stone Lake

3.2.2 Snowpack and Water Yields

Consultation with the California Department qF Water Resources staff
on sSnow measurements and procedures currently in use has xproauced the format
for prediction of water yield from‘éhdw‘in stoFége. Thé adaptation of remote
sensing data acquisition into this prediction procedure-is being studiea
by graduate students in hydrologic analysis in the Departmént of Civil
Engineering under the direction of this project leader. This work will
" be completed iﬁ-the current grant period and Wfll be reported in the forth-

coming annual report in May, 1973.
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TABLE 3.2 EVALUATION OF SELECTED STUDY AREAS

HYDROLOGIC
- PARAMETERS

SELECTED STUDY AREAS

‘m95,5
9
12
3

14

2
8

R.-
Rio Vista
0
1]
1

Andrué

Is.
Basin Drain

Sycamore S.
Discovery
Park
Berryessa
Washington

Beaver, Hog
S.P. Bay

Lindsey
Slough
Ponds
Lake

Sacto.
Frank's
Tract
Colusa
Suisun
Bay
Davis
Ponds
Lake

15

Stone
Lake

Stream
Morphology

>
>
>
>
>

Surface Velocity
& Direction

Stream Stage-
Discharge

)
>
>
>
>

Turbidity-
'Suspended Sediment

&
S
&
®

Hydrocarbon
Surface Films

Water
Chemistry

Surface
Temperature

Surface
Dissolved Oxygen

Phy toplankton
Density -

Riparian
Vegetation

Lake
Surface Area

Lake
Depth

Change in
Storage

Watershed
Delineation

Watershed
Topography

Vegetation-
Type & Coverage

Land
Use

X Ix f@x Ix {x Ix 1 x]x|x X

X Look for parameter at selected study area

® Important parameter at selected study area
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3.3 FUTURE PROPOSED WORK \\

Continuation of the studies of applieation of remotely sensed hydrologic
datarfor:wgteg resource Taqagement;and:ope;agiqn,js proposed for.ongoing
research under this NASA Grant.

Imagery provided by the several instrument platforms now operating is
yielding the basic information which may be applied to a variety of'user
tasks. The interpretation, enhancement and utilization of much of the
satellite data now being collected-wil] cbntinue to be difect]y useful for
such application. Substantial time lag is inhefent in the processes now
used to collect, process and distribute imagery from all the sources. Thus,
the information acduired late in the life of ERTS-I and thé complementary
high-flight programs will first become availéb]e at the investigator level
mid-way of the following year, that is,in late 1973.

A very hiéh poténtia] for effectively enhancing satellite imagery for
water resource application is being dembnstrafed by fellow researchers
in this project. The technigues which have been devised ine the capability
for greatly extending the use of rémote]y sensed data in both hydrologic
work, water qualfty assessment and in management.

Sequential coverage with multispectral images over time spans of more
than one seaéon are expected to permit a wider range‘of verification of
potential uses. Additiona]]y, fhe multilevel data provided'by the current
programs will benéfit the analysis.

Recent periods of discussion and conéulfation with several direct
user “groups suggests that analysis and testing of applicability of rem;te
sensing on real time problems will serve a dual purpose of demonstrating

the utility of this technology in a very practical way and will further
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permit a significant>ppportunity to work.with the user group in a com-
bined developmental.and training mode. Since future users must be trained
.to recognize the potential capability of remote senéing technology and to
seek new applications within their areas ofASpecialization, this approach
is proposed as an expedient to those ends., Cooperation:of user teams is
assured and»ipterest is greaf on the subjects currently under study. Other
remote sensing app]ications.are being gxblored and, as noted'pfeviously,
the use of enhancement techniques will clearly permit‘subp]ementa] usés

of the data beyond tbose-presently recognized.

In summary,. it is proposed to_continué this investigatfon on the
~>app]icafion of remote sensing fo hydrologfc and water‘resource management
tasks in a.direct cooperatiQe.mode with selected user grdﬁps of.interest,

- who will make availaEle ground truth information from presént,sources.
:Imagery cﬁrrently available will be u§ed intensively and additional sources

may be added when available.
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Chapter &

REMOTE SENSING DATA AS AN AID TO RESOURCE
MANAGEMENT IN NORTHERN CALIFORNIA

Scientific Associate: Gene A. Thorley
Contributors: Andrew S. Benson, David M. Carneggie
William C. Draeger, Paul F. Krumpe, Donald T. Lauer,
“James D. Nichols, Howard 0. Thrall, Randall W. Thomas
Sharon L. Wall o _
Forestry Remote Sensing Laboratory, Berkeley Campus
4.1 [INTRODUCTION

During this funding period, two major.studies are being carried
out in northern California, namely: | .

1. Measurement of hydrologié resource parametersAthrough_the use
of spacecraft and aircraft data in the Feather River Watershed érea
(see Figure 4.1). |

2. Analysis of the Northern Coastal Zone Environment with the
aid of spacecraft and aircraff data (see Figure 4.2).

A complete éxplanation of the study objectives,xthe felationships
between these §bjettives énd'tertain previous studies; and the results
of the first two years of research can be’found-in Chapter 4 of the Méy,
1971 and May, 1972 Annual Progress Reports for the Integrated Study.
The following introductory text provides only brief information on
research objectives ahd background for each oflthe studies and the
approach being used by the Forestry Remote Sensing Laboratory. In~
addition; recent activities relating to interchange and coordination
between FRSL personnel and Qser agency resource management specialists
@riginl ey ey, b puchased SR
EROS Daia Center §

19th: and; Dakola Avenudl ¥
Sioux Falls, SD 97198 :

-are discussed.
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The body of this chapter is divided into two parts -- one

.for. each of the studies listed above. ..Specific.study.objectives, . —....- - =

work performed during this-past'fhnd1hg period.and future proposed
wbrk are documented. . |
L.1.1 Objectives

The primary objective of the work being conducted within the
Feather River Watershed is to assess the usefulness of remote sen;ing
techniques for acquiring natural resource information of importance té
resource specialists and wildland managers, especially those>responsfble
for the water resource. Efforts havg been concentrafed on examining
certain physical parameters, importaﬁt in terms of hydrologfc phenomena,
for which‘fnformation is sought and used, and might be used more fre-?
quently in the future if one could demonstrate that it could be quickly
and cheaply gatheréd. Thﬁs, emphasis is befng ﬁlaced on ascertainin§
the relative interpretability of various types of remote sensing imagery
Tor“detecting, identifying, délineatiﬁg; eValuéting and monitoring the.
general management zones, vegetatjon/terfain,types_and vegetation den- -

sity classes, geology-soils types, and snowpack conditions. An essen--

{
i

tial element of the worg is to determine, in a quantitative fashion
whénever possible, levels of accuracy, timing and coéts associated with
acquiring wildland resource information using methods of rembte sensing,
as compared to more conventioﬁa] information gatherfng techniques;

The primary objective of the work being done within the North;rn
Coastal Zone is to evaluate the usefulness of remote seﬁsing data in

providing general land-use planning information. In particular, attempts

-1



are being made to enumerate those physical parameters of the land-
scabe which can be. mapped with ;he aid of remote sensing data aAd
which are of particular impértance in determiﬁing the potential of an
area in terms of laﬁd»use, be_it natural resource utilization, urban
development or industrial dévelopment. This determination is being
made with a consideration of the needs of planners now involved in the
formulation of long range land use plans.. The results of the experi-
ment, therefore, are being evaluated in terms of the information réquire-_
menfs Qf tﬁose agencies actually responsible for the formulation of
land use plans in the north coastal region.
| hfx;z _Background |

The Feather River Watershed and the Northern Coastal Zone areas
possess.a number of characteriStics:which.énhance their value as test
sites for this integrated study. |

The California State Water Project is one of the most extensive
and ambitious water resource developments ever attempted. The source
of water for this vast project is the Feather River headwaters fegion,
which drains into Lake Oroville, the keystone of the project in terms
of flood control and regulation of downstream water délivery. Thus,
the Feather River is an important component of an actual resource devel-
opment operatiqn. As such, conclusions which are reached regarding the
utility of rehote sensing data can be.eQa]uated not only on a.pure]y
theoretical basis, but also on decisions that have been made, and in
comparison to conventional techniques which have been and are being used

to gather needed data. In addition to its importance in the California



Water Project, the Feather River area contains an extensive system of
- .- -hydroelectric. reservoirs. which are operated -by- a- public utility company - .--- .
in conjunction with the state water project facilities.

Most of the actual watershed lands of the Feather River region are
adﬁinistered by the U.S..Fbrest Service, which is charged with the respon-
sibility of multiple-use management of the resources of the area. Although
water storage and power-generation fécilitieé_have been highly‘developed,
in many cases the maﬁagement of the actual wétersﬁed lands themselves
(to provide an optimum mix of resoufces including wood, livestock fbragg,
recreational opportunities, fish and wildlife, and‘water) is not currently
highly advanced. This is due primarily fo an inéomplete understanding
of the complex man-resource interaction, and a lack of basic data régarding
the physical parameters of the vast, wild, and poorly accessib]e areas
involved. Thus,'én opportunity exists not only to compare remote sensing

‘techniques against conventional methods of data acquisition, but in many
cases to evaluate the potential for prqviding information that is currently
unavailable in the form or with the degree of accuracy, necessary to permit
the develobment of a hiéhly sophisticated broad-scale resource management

: j
system.

Likéwise, it iS'bécoming>increasingly apparent that the Ndrthern
Coastal Zone of Calif&rnia is in itself an important resource.) As pop-
ulation increases, the coastal zone will come under mounting pressure
for development, both as a place of hﬁman habitation and as a place fér
more intensive use and development of natural resources. Froh San Fran-

cisco.southward, the-.coast is already the site of numerous urban:centers,
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and thé problem of plaﬁnihg entails not only how to plan for future
develbpment, but also how to ;eal with currently existing deyélopment.
In many ways the northernicoastal region presents somewhat different
problems. In general the north coast_(consiSting of the counties of
Marin, Sonoma, Mendocino, Humboldt, .and Del Norte) is re!atively
rqral, with an economy based on agriculture, timber, commercial fishing,
and tourism. However, it is expecfed'that intensive resouree use,resu1f~
ing from increasing'populatfon will .soon become a serious problem unless
wise land use planning is undertaken. Thus the’nortﬁ coastal zone pre-
sents an excellent opportunfty for intelligént; informed blanﬁing of
Vdevelbpment before intensfve land use acfi&ities become widespread.
One.pfefequisite of intelligent laﬁd;use planning of -any fegion
is a detéiled and comprehensive knowledée as to the environment of. the
-aréa in terms of its effeqt on potential resource management énd use.
In the north coastal area, one grgently needed typeﬂof information is
an infegrated inventory and evaluation of the physical ;haractéristics
of the region as they relate to fhe suitability fo} various t?pes of
land use. ance-the,bu]k of the region can be classified as essentia!ly
wild land, it is particularly well.suited'to'investigations of the ways
in which femote sensing-and other supportfng data hay be used in con-
ducting such potential land use evaluationé. |
4.1;3 Apprcach
Our-experiénce to date has convinced us of the necessity to use
a systems concept and:team approach-in solving problems of intefest.tov

the earth resource manager. Consequently, the Forestry Remote Sensing



Laboratory has been organized to include five functional units (see

.Figure-4.3). -~ These -units address -themselves-to-the-most -important = === ==~

‘problems which must be ‘solved if a remote sensfng system is to be
employed successfully for earth resources -inventory purposes. The
five problem areas investigated under this teém approach are as follows:

1. Determination of the feasibility of providing the resoufce
manager with operationally useful jnformatioﬁ through the use of femote
seﬁsing techniques;

2. Definition of the spectral characteristics of earfh résources
and the optimum-pfocedures for calibrating multispectral remote sensing
data acquired of thosé resources; |

3. Determination of the‘exteht to which humans can extract useful‘
earth reéource ihformation through a study of remote'sensing imagery
either in its oriéinal form or when énhanced by various means;

-.h. Determination of the extent to which automati; data handling
and processing equipment can extrac; useful earth resources'informatibn‘
from remote sensing data; and |

5. Effective disse%ination of remote sgnsing results throﬁgh the
offering of various.kindg of fraining programs in,which.thé interéCtion
between users and scientists can be emphasized.

The Operational Feasibility Unit, Image Interpretation and Enhénce-
ment Unit and the Automatic Image Classffication and Data Processiﬁg
Unit are the most active units on the Integrated Project, and a ﬁajoé
. part of the introductory se;tion in Chapter.h of the December 1972 Semi-

.annual Progress Report waé devoted to explaining the procedures used by
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Figure 4.3.

Organlzatlona] diagram of the Forestry Remote Sensing Laboratory, UnlverSIty




_b.1.4 Interchange and Coordination with "User' Agencies

these units.

Efforts are continuing to better define ''user requirements' and
to further identify user agencies and key pérsonnel who are keenly
interested in the results of the remote sensing experfments being
conducted in the Integrated Stqdy. Specifically, additional informa-
tion is being gathered about operational resource inventory projects
which_are currently in progress or Eave been done in the past within
the Feathef River watershed and northern coastal zone. To facilitate
gathering these kinds of information, the Forestry Remote Sensing Lab-

oratory held a 3-day workshop on the Berkeley tampus in March 1973.

-Practicing wildland managers representing federal, state and private

interests were invited to attend ;he.workshop. The names of: those
persons who attended the>workshop are given in fab]e L.y,

The workshop provided an opportunity for (1) the resourcéS‘spe-
cialists to become familiar with'past project results and with prelim-
inary results describing the utility of ERTS-1 data and hjgh aJtitude
aerial photography, andf(Z) the FRSL staff to thoroughly define and
evaluate a multftude ofipractical wildland resource management problems.
The workshop was presented in three pa;ts - one day in the lecture
room on the‘fundamentals of remote sensing data acquisition and data
aﬁalysis; one day in the field with ERTS-1 and high flight images in

hand; and one day in the laboratory on solving practical problems with

the aid of remote sensing data (see Figure k4.h4).



TABLE 4.1. PARTICIPANTS IN A WORKSHOP ON AIRCRAFT
AND SPACECRAFT REMOTE SENSING OF FOREST LANDS

‘Federal Government Personnel

Paul F. Barker, Los Padres National Forest, U.S. Forest Service
Harry L. Bowlin, California Regional Office, U.S. Forest Service
Deloy H. Esplin, California Regional Office, U.S. Forest Service
Robroy A. MacGregor, Tahoe National Forest, U.S. Forest Service
Neil McDougald, Sequoia National Forest, U.S. Forest Service
Paul T. Meiscke, Mendocino National Forest, U.S. Forest Service
.John Mooneham, Sequoia National Forest, U.S. Forest Service
Bruce Moyle, Six Rivers National Forest, U.S. Forest Service

- State Government Personnel

Frank F. Franklin, Sacramento Office, California Division of Forestry

John R. Edwards, Department of National Resources, State of Washington
Fred D. Imhoff, Monterey Office, California Division of Forestry

Edwin E. Sechrist, Jr., Sacramento Office, California Division of Forestry
Robert W. Weaver, Sacramento Office, California Division of Forestry

Private Industrial Personnel

Thomas Berry, Natural Resources Management Corporation
Charley G. Evers, Simpson Timber Company

Daniel P. Gaut; Hammon, Jensen, Wallen & Associates
Robert Maben, American Forest Products Corporation
Glenn More, Kimberly Clark Corporation

E. R. Pratt; Hammon, Jensen, Wallen & Associates
John C. Pricer, American Forest Products Corporation
Douglas V. Whiteley, Soper-Wheeler Company -

Everett B. Wycoff, Crown Zellerbach Corporation

o

Other Personnel

Allan Legge, University of Calgary, Alberta, Canada
Ken Nishioka, Ames Research Center, Nattonal Aeronautlcs & Space Admtnastration




Figure 4.4, A group of 25 practicing resource specialists responsible
for managing federal, state and private lands in northern California
attended a 3-day workshop presented by Forestry Remote Sensing Labora-
tory personnel. A principal purpose of the workshop was to evaluate,
with assistance from the participants, practical resources inventory
and monitoring problems which possibly could be solved with the aid-of
state-of-the-art remote sensing techniques. The top photo shows the
group studying imagery while visiting the San Pablo Reservoir study
area located near the Berkeley campus. The bottom photo shows the
group engaged in a laboratory exercise designed to test the usefulness
of imagery for purposes of classifying forestlands.
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4.2 WORK PERFORMED DURING THE PERIOD COVERED BY THIS REPORT

L.2.1 Analysis Within the Feather River Watershed

4L,2.1.1 . Introduction

Work within the 2.5 million acre Feather River Watershed region
is centered on two topics -- vegetation/terrain mapping and snow surveys.
Table 4.2 lists several of the user agency groups which are keenly inter-

ested in the results of this research.

4.2.1.2 Vegetation/Terrain Mapping
The ‘approach to wildland vegetation/tefrain-mapping_with the aid of

ERTS-] imagery emphasizes the following objectives: (1) the acquisition
of ground controi data, (2) a feasibilitybanalysis relating ‘to ‘the
Adetection,and identification of respu?ce types, (3) the deve]opmént of
interpretation aids .and related resgurce descriptors, (4) the guanti-
_ tative tes£ing of manual interpretation procedures in the detectiqn
and classification of Iandscapé elements, and (5) the determination

~of cost-time factors relating to mapping resources using varioﬁs in;er-
. pretétion"téchniques.

Acquisition of Ground Control Data by Interpretation of'High

Altitude Aircraft Color Infrared (CIR) Photography

More than 90 percent of the Feather River drainage basin has been
mapped to date utilizing high altitude aircraft CIR imagery. Approxi-
mately thirty wijdland resource entities among seven landscépe ﬁate-
gories are being classified (see Table 4.3). Using this classificagion
scheme, a vegetation/terrain resource map (see Figure 4.5) is being

produced and field checked and is serving as ground controlled data,
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TABLE 4.2, USER AGENCY GROUPS COOPERATING

ON THE INTEGRATED STUDY -- FEATHER RIVER WATERSHED REGION

USER GROUP AGENCY

CALIFORNIA REGION FRAMEWORK STUDY
COMMISSION FOR SOUTHWEST INTER-
AGENCY COMMITTEE: WATER RESOURCES
COUNCIL

PERSONNEL CONTACTS

MR. JIM COOK (USFS)
MR. LYLE KLUBBEN (USFS)
MR. WILLIAM FRANK

INFORMAT | ON REQUIREMENTé/POTENTIAL

REMOTE SENSING APPLICATION

REG!ONAL VEGETATION/TERRAIN MAPPING

LAND USE PRACTICES AND CHANGES

LANDSLIDE AND STREAM SEDIMENTATION
DETECTION

il

DEPARTMENT OF WATER RESOURCES,

STATE OF CALIFORNIA

" MR. G. SAWYER

MR. A. DE RUTTE

7
SNOWPACK DETECTION ‘
HYDROLOGIC OUTPUT PREDICTIONS

CALIFORNIA COOPERATIVE SNOW SURVEY

MR. A. BROWN

SNOWPACK DETECTION AND HYDROLOGIC

PREDICTIONS |
[

CALIFORNIA DEPARTMENT OF CONSERVATION
DIVISION OF FORESTRY

MR. T. ARVOLA
MR. C. PHILLIPS
MR. R. WEAVER

VEGETATION-SOILS INVENTORY

FIRE DAMAGE APPRAISAL

RANGELAND CONTROL BURNING

MONITORING COMPLIANCE WITH FOREST
PRACTICE ACT

U.S. FOREST SERVICE

MR. JIM MC LAUGHLIN

SOILS-TERRAIN ANALYSES . .

TAHOE REGIONAL PLANNING AGENCY

¥

MR. JIM BRUNER

ENVIRONMENTAL CHANGE DETECTION
SEDIMENT POLLUTION ANALYSIS
LAND USE INVENTORY

CALIFORNIA STATE DEPARTMENT OF
PARKS AND RECREATION

MR. GEORGE RACKELMANN

MR. JOHN HAYNES
MR. SANDY RABINOWITCH

LANSCAPE INVENTORY
SITE LOCATION AND PLANNING



FOREST RESOURCES

TADLE “035e¢ ULLAJDIFIVAITUN ODUHEME FUK VEGEITIATIUN/IERRAIN RESUURCES

WITHIN THE FEATHER RIVER WATERSHED REGION

.

NON-FOREST RESOURCES

" Hardwood Forests

Si-%.

Coniferous Forests

MO O ©@om >
voe - o@m S d

F.
G.
GG.
GC.

GGC.

Chaparral
High Elevation Red Fir Forest J. Westside Valley Front Foothill Chaparral
Westside Intermediate Mountain Conifer K. Westside Intermediate Mountain Chaparral
Eastside Intermediate Mountain Mixed Conifer KK.. Eastslde Intermedlate Mountaln Chaparral
L: Eastside Valley and Basin Front Sagebrush Scrub

Eastside Intermediate Pine-Scrub Forest
Eastside Northern Juniper Woodland
Eastside Timberland-Chaparral Complex

Intermediate Mountain Xeric Hardwoods
Westside Foothill Pine-0ak Woodland
Westside Foothill Oak Woodland-Grass
Westside Foothill 0ak Woodland-Chaparral

Grasé!ahd-Meadow-Marshland Complex

M. - Subalpine Grassland

N. Intermediate Interior Valley Xeric Grassland
0 Mesic Meadow Complex

P Freshwater Marshland

AGRICULTURAL AND RANGELAND RESOURCES

Westside Foothill Oak Woodland-Grass-Chaparral

Mixed Meslc Hardwood Communities ' Q. Mesic Cultivated Croplands e
Westside Foothill Mixed Hardwood-Conlfer Forest R. Mesic Rangeland ‘
. . 5.  Xerlc Eastslde Grassland-Scrub Rangeland

OTHER LANDSCAPE FEATURES

Forest Plantation Sltes
Urban-Residential-Commerclal Sltes
Exposed Soil

Exposed Bedrock

T~

wB, Basalt

WA. Andesite

WR. Rhyolite

WP, Pyroclastics
WG. Granite

WU, Ultrabaslics
WS,  Sedimentary
WM. Metavolcanics

HYDROLOGIC RESOURCES

X.  Standing Water
Y, Running Water
Z. Snowpack

VEGETATION-TERRAIN RESOURCES
PERCENT COMPOSITION RANGE

WITHIN HOMOGENEOUS DELINEATED AREAS

PERCENT CODE
COMPOSITION NUMBER
0-5 - !

6 - 20 2
21 - 4o 3
Ly - 60 L
61 - 80 5
81 - 100 6
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Figure L.5. Classification of wildland resources within the Davis Lake intensive study area.
Resource classification code numbers refer to percent composition of specific resources within
delineated areas. The interpretation was accomplished using high altitude (1:120,000) false-
color infrared transparencies. This map functions as ground controlled data, useful in ERTS-1
image analysis, and represents ''state of the art'' regional mapping. The area represented
above is 403,000 acres, about one-sixth the entire Feather River watershed..
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useful in ERTS-1 image analysis. Major landscape categories include
(1) coniferous forests, (2) hardwood forests,'(3) chaparrai, (h)-grass;
Iand—meadow marshland complex, (5) agricultural and rangeland resources,
(6) other landscape features and (7) hydrologic resources. Elementé
within these cétegories have ‘-been classified by pe}centage cqmposition
within delineated type-areas where uniform color, tone, texture, vege-
tation density and/or compos?tiqn are apparent on the imagery.

In addition‘to this ground controlled végetation/terrain resource
map, the following additional'regfona] resource maps have been either

prepared or acquired: ,(]) Lithologic Geology, (2) Meén Annuél Précfpi—
tation, (3) Soil Series Complexes, (h)_Elevafional Zones, (5) Drainage
Network (Strahler Stream Order System) and (6) an available vegetal
cover type map (see Figure 4.6,. This vegetal cover type»map,_prepared
by_the Comprehehsive Framework Study California Region, is a pqrtion

of a larger map of the Sacramento Basiﬁ Subregion, and represenfskpre-
vious ''state-of-the-art" regional'mapping. It was prepared from ref-
efence materials dating back from 30 years ago to more recently. The
-map‘is vastly generalized and of questioﬁable validity when compared
with ground observations. |t b9 no means equates with the High level

of information content obtainable from high altitude CIR photography.

Feasibility Analysis of ERTS-1 Imagery

The following Multispectral Scanner .System (MSS) -single bands
have been studied in terms of vegetation/terrain informational content:
green, number 4 (0.5-0.6 pm), red, number 5 (0.6-0.7 um), infrared,

number 7 (0.8-1.1 um) and the false-color composite MSS L4-5-7 NASA/GSFC

L-17
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Figure Lk.o. This modified version of the vegetal cover type

"VEGETAL COVER'TYPES: ~~ ~ = "}~
COMPREHENS IVE FRAMEWORK STUDY
CALIFORNIA REGION (1971)

DAVIS LAKE
INTENSIVE SITE

map, prepared by the Comprehensive Framework Study, California-

Region represents previous ''state-of-the-art'' regional mapping.
Within the Davis Lake intensive study area, the gross generality
of resource information is apparent. Figure 4.5 illustrates
current ''state-of-the-art' resource mapping using high altitude"
false-color infrared imagery.
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imagé. Original 1:1,000,000 single band, siqgle date (July 25, 1970)
black-and-white fransparency fmages were professfonally enlarged to
a 16 x 20 inch print format;_approximating the gfound controi map-
‘scale of 1:250,000. The color combined MSS image used in this ini-
tial evaluation was a third gengration copy enlargemént (16 x_l6 inch)
"derived from an‘available_S x 9 éolor print of the region. Homogen-
eously appearing areas were delineated oh overlays of these four enlarged
images by two trained photo iﬁterpreters.

-Evaluations of these de]ineétions bn each MSS single béﬁd and tﬁe
color-combined image, were accomplished by difect visual comparison
with analog§us areas on the ground control maps . image evaTuafion
centered on the ébilsty of the analyst to both deteét and identify
resources. These comparisons between and among images and ground-
control maps, formulated the basis for preparation of a feasibility
diagram (see Table 4.4) which initially assessed the intekpretability
of the ERTS-1 images. High altitude false-color infrared imagery was
also evaluated.

The results shown in Table 4.4 genefal]y.indicate.and equate inter-
preter ability to detect resources; however, objett identification
generally appears more difficult. The MSS green band number 4 appears-:
useful in Eastside Valley and Basin Front Sagebrush-Scrub identification;
and in the detection of main highways .and logging roads. The MSS red
band number 5 has been assessed as useful in identification of Fi;
forest, Intermediate Interior Valley Xeric grassland, Mesic Cultivated

croplands, Mesic rangeland, Xeric Eastside grassland-Scrub rangeland,

A ' . 4-]9



TABLE L4.4. THE FEASIBILITY OF WILDLAND 'LANDSCAPE FEATURE DETECTION AND
IDENTIFICATION WITHIN THE FEATHER RIVER WATERSHED REGION ON HIGH

TPAGERY PARAMETERS
LTGENS VEHICLE HIGH ALT, RB57] ERTS-1 ERTS-1 ERTS -1 ERTS 1
SENSGR SYS RC-8 CAMERA M55 ND zh S 3 M55 ND =
® @ @ EASILY DITECTABLE L1 8 CAMERA | BAKD £ BAND =5 BAND =] | 1SS BANDS 457
o®  PARGINALLY DIICTABLE HISSION = 5 DATE FX 139(7-25-7G] _ (7-25-72) (7-25-72) (7-25-72) {7-25-72)
. NOT DETECTABLE ORIGIMNAL IMAGE TYPE FALSE COLOR IR] BeW TRANS. BeW TRANS. BEW TRANS . CIR ENHAN. TR.
TNTERPRETED TPAGE TYPE § CIR TRARS . BeW PRINT BeW PRINT BeW PRINT COLOR PRINTC ] —
® @@ EASILv IDENTIFIABLE ORIGIMAL FORMAT g X 9 in. g X9 in. 9X9 in. 39X 9 in. 35X 9
L LRGILA T 9 in.
. :GI igst;Y i?;“g‘FlASLE INTERPRETATION FORMAT 9 X9 in. 16 X 20 in. 16 X 20 in. 16 X 20 in. 16 X 16 in.
) ‘TEFIABL TFAGE SPECTRAL AANGE 0. - 0.9 0.5 - 0.6uml 0.6 - 0.7 0.8~ 1. \wmd-5-.7 ¢.B-1. 1o
ORIGINAL IMAGE SCALE 1:120,000 1:1,000,000 1:1,000,000 1:1,000,000 1:1,000,000
QBIECT RESOLUTION 22-30 FT, 200- O%_..ET' 200-300 FT. © 200-300 FT. 200-300 FT.
INTERPRETATION RESULTS [ - o Il o | o | = = =
FOREST RESIURCES
Coniferous Forests . [ XX [0
AL High Elevation Red Fir Forest [ [ X X3 X
8. Westside Intermediate Mountain Conifer . LX) °e
BB. Eastside Intermediate Hountain Mixed Conifer . . .
C. astside Intermediate Pine-Scrub Forest L o0 [ X0
0. astside Northern Juniper WoodVand - [ »
€. astside Timberland-Chaparral UompTex . 00| oo
Hardwood Forests . X 0
F. Intermediate Mountain Xerlc Hardwoods X * 0 . * . ® e 0
G. Westside Foothill Pine-0ak Woodland
Gh. westside Foothill Oak Woodland-Grass so® |00
GC. Westside Foothill Oak WoodTand-Chaparral X0 0
GGC. Westside Foothill Qak Woodland-Grass-Chaparral X0
H. Mixed Mesic Hardwood Communitles OO XN KD * ° [ 3 . 0 .
I Westside Foothlll Mixed Hardwood-ConTfer Forestf 0@ 6 0 00
NON-FOREST RESOURCES
Chaparral e ) X X e . X R0
J. Westside Valley Front FoothiTl (haparral
K. Westside intermediate Mountaln Chaparral ') . o000 jee ) P XX BEXY]
KK. Eastside Intermediate Mountaln Chaparral * e o 'Y XY R0 o0 . XX R
L. fastside Valley and Basln Front Sagebrush Scrub X B XXX YIID [ . 000 les
Grassland-Headow-ﬁarshland Complex P . e 0 P o 900 o
N, Subalpine GrassTand
N. Intermediate Interlor Valley Xeric Grasstiand 0 ® (X X [ [ [ X XBRILXYX)
Q. Masic Meadow Complex » *e 0 e ) . »
P, - freshwater Marshland X [ e e .0 . (XXX
AGRICULTURAL AND RANGELAND RESOURCES
Q. Heslc Cultivated Cropfands . [ XXIA XXX
R. Mesic Rangeland [0 . 0 X X0
S. Xeric Eastside Grassland-Scrub HangeTand o e ° o (XX KX
OTHER LANDSCAPE FEATURES
T. Forest Plantation Sltes (XX EEXTE XY AKX (XX AKX . . [ XX R
u. Urban-Residential-Commercial Sites [ XX BREX XA . 00 0| e . . 0 .
V. Exposed Soil [ XX MEXXEEXD oe L0 X 0 3 ') o0
W, Exposed Bedrock (XX AKX (XX B 0 LX) ° . ) ® e
w8 . Basalt XX X0 . o0 . . - [ A X ATXX]
WA, Andesite [ X ) . [ o000 |00 . . o e .
WR ., Rhyolite [ X ]
WP, Pyroclastics 00 L . ° 0 . . . 00 0K
5. Granite X0 (X . 00 0j0e . . 0 X
Wy, Ultrabasics [ X XR e . [ XX . [ [ XX AKX
WS, Sedimentary XX LX) . 88961000 )| ee 0 Ld [ X X J
WH, Metavolcanics LX) . . 3 . . [ . .
HYDROLOGIC RESOURCES )
TX. Standing Water XX e . ©OO® | 000 |00 |00 O JOOOIiOG S
Y. Running Water o0 e Y 3 .6 [X) . [ e o e
2. Snowpack XX
S~ ISCELLANEOUS FEATURES
4, Recent Fire Scar oleee ° . P g o0 O|se oo |oe
1E. Main Highway oioeo |Joeoc (006 OG0 |00 . -. Q00 |oe
iC, Langslige Scar 9j0o®e Jeoou . LXK . » X ')
2D, Losging Roacs AR EX 00 Joeve |00 | * . LX) X
T ]
DETECTION .. .cuivnennn ... THE ABILITY TO OISCRIMINATE Al IMAGE ENTITY
FROM THE SURROUNDING TONE MATRIK.
IDENTIFICATION .. ...ouvans THE ABILITY TO CLASSIFY AND ASSIGH A NAME TO

AN IMAGE DETERMINED BY ITS UNIQUE CHARACTERISTICS

SUCH AS-COLOR, TONE, TEXTURE,

SHAPE, PATTERN,

SIZE, ASSOCIATION OR OTHER QUALITY,

3 reasibility of ivage identification includes consideration of sequential iragery.
M55 color-corbined enhanced image transparency.
C Tne enlarged print used in this interpretation was fifth generation.
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sedimentary bedrock, staéding water and highways and logging roads.
Perhaps the least useful sing]e\Eand image with respect to vegetation/
terrain type identification is the infrared band number 7, where’énly
Mesic Cultivated croplands, énd standing water are clearly identifiable.
Furthermore, these results indicéte interpreter ability to identif? the
following wildland resources on the MSS 4-5-7 false-color combined image:
Intermediate Interior Valley Xeric grassland, Fresh water marshland,
Mesic Cultivated cropiands,_Mesic rangeland, Xeric'éastsfde grassland-
Scrub rangeland, Exposed éasalt bedrock, sédimentary rock, and standing

water.

Development of Interpretation Aids

The appfoach used toward developing manual techniqués for ERTS-1
imagery analysis-ﬁas been initially confined to the Davis Lake intensive
study area, ‘although methods and procedures are applicable throughout
the entire region. The method of -enlarging the intenéive study area,
which is ‘about 4 percent of the 9 x 9 ERTS-1 color composite. image,
involved the use of -a Simmon Omega variable condenser with a Componoﬁ
1:5.6/135 Schneider Kreuznach lens. The single ERTS-1 image, July 26,
1972, was projected downward.onto h}gh quality white bond paper to a
scale of 1:250,000. |

One eighth inch diameter test cefls (0.196 square miles on the
ground) were established on a random basis within the homogeneous
delineated areas (scale 1:250,000). TheAtotal sample population area
(59 miz) represents about 9 percent of the Davis Lake intensive study

area (630 miz). Distribution of the 300 test cells is seen in Figure 4.7.
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Figure 4.7. Mean annual precipitation overlay (top) and elevation
zonation with 1000- foot contour interval overlay (bottom) on projected
ERTS-1 image of the Davis Lake intensive study area. The numbered
circles are 0.196 miZ test cells used in thé quantitative interpre-
tation test. Davis Lake (upper center)is five miles long (original
image scale = 1/250,000). ‘

4-22



/

(
\

This figure contains ''overlays" of méan annual precipitation and
elevation zonation, exemplary o% interprétation aids.

The 1970 Munsell Book 6f tolor was used to quantify»the color
.attributes (hue, value, chroma) §f each of the test cell circles, inde-
pendent of resource delineation or classification. Interpolation of’
Munsell Color data was neceséary in.many instances since subtle color
variation between the projected colbr within the test ﬁell area and-
the Munsell Color chips often existed.

The resource classification of each test éell, with the aésociated.
Munsell color determination, provides the basis for the derivatién of
ERTS-1 image interpretation keys specific to the aréa and the‘iﬁaée
~used. VThe technique used fn establishing these keys to.wildland'resourées'
is épp]icable, however, to any ERTS-1 image.

Another expréssion of the Muﬁsell color data-which quantifies the
Davis Lake resourceé color attributes on the ERTS-1 .image is presented
fﬁ»FiQUré h.8.°:Thése ﬁiaérams ére two .dimensional renditions of a»Hue -

' sectién{(Z.SPB;iOYR)‘of'the color solid. In Figure 4.8 color value
~(brightness) increéses toward the bottom, thus the sequence'add$73—D’_
to the illustration. It is apparent that .several types (X,WB,V/S,V)
are_readi}y separate from the others, and thus are detectable and
probably identifiable. Difficulty in separating many resources is
also apparent, since a significant degree of color ‘tone overlap occurs
between and among them. Within the 3-5 value raﬁge, saturated reddish
'pu}ple to red colored resources (BB,KK,E,A) overlap ;onsiderably. The -

chaparral (KK), however, could probably be distinguished from Fir forest

b 4-23
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Figure 4, 8. These Munsell color diagrams illustrate the relative degree
of discrimination between and among wildland resource entities within the
Davis Lake study area. (See text for explanation.) . ‘
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(A) on the basis of subtle hue and saturation differences. It is
apparent that resource-types L,\S(N,L),V,V(S)S separate easiijfrom
the other present, since the’ hue rénges are very low in saturation and
are greyish-reddish-purple in color tone. The resource types KK,C,Q,
F,P,R(S,P,L,N) generally>overlap over the chroma range 6-11 in the
red-purple to red hue range. However, even several of these'fypes
can be differehtiated EaSéd-on chroma separation and $ubtle hueAvaki—
ations. In the very light tone signature resources, value 6-7, many
types are distinguished Based on ;hromé separations and éubtle hue
variations. Consequently, theéeAMunsell color-diagrams in themselves
represent useful interpfétation guides to resoqree discriminations on
ERTS-1 imagery, a]fhough they méy be applicable only to this particular
color composite image. For any other color composite image wh?ch may
‘have been processed slightly differegtly than the one used in this'tést,
the general degree'of color discrimination between resource entitigs_
.'wopld be sjmilér;to what iglshown in Figure 4.8, but-;he.absolu;e-coldr
notations would bé slightly different.

N _ﬁunsell cblofhfangéé, corrésponding I SCC-NBS colorlnahes, and pre;'
cipitation and elevational data, provided the basis for constructing a
dichotomous interpretation key specific to 18 resource categbries. This
key proved to be too complex for use in practical photo interpretation
and requi?ed simplification for actual use.

The interpretation key (see Figure 4.9), used in the interpretation
test dis;ussed below, is/a simplified version of the original key which

contained Munsell color range notations. The modified key replaces these

. | h-25



2. Isimr cart olue; resourie tou-rar, zistirci {see tes: cell Ko. 35) ....... eeees STANDING WATEK {LAKE OR
l RESERVOIR)  (X)
2. Toior soderately dark tise; resourze o acy aot necessarily distinct.
zlce,lignt clue, boundary distinct ............. STAKDING WATER, SHALLOW POND
WITH HIGH SEDIMENT OR SALT
CONTENT (X)

3. loler i5 rore satiratec o

3. C(olor is less saturaiec; ccundary indistinct; resource often
~otcled with light tomes anc re¢ colorations .(No. 52) ....oeieinenenana.. . EXPOSED BASALT BEDROCK (wB)

1. Ccior is re¢, ranging fro- very sale cr light gray-red, light aruplish
gray-red or other oale color sariants, to ~ocerate strong, bright, saturated
or cark red, orange-red or curaiisa red.

t, Colors are wostly woderately dark to strongly saturated or dark red
(%cs. &,55,84,82, 144,254 ,252); sore :ones andear bright (Nos. 143,199, 273)

5. led color tones are ~oderazely dark (Nos. 79,93,160), but color
T3y be s:rong or saturatec anrd red o red-orange (No._188). -
= =~ The rescurce is ofter Fottled with sale lighter tones (Nos. 93, 267) ........ EASTSIDE INTERMEDIATE
MOUNTA IN CHAPARRAL (KK)

. Rea color tones are cos-ly dark and colérs range fromw a dark
surolish-red (Mos. 43,°85) to cark streng red (Hos. 156, 206, 25, 28)
and dark orange-red (\os. 16, 31, 214)

6. Mean Annual Precisitation {MAF) predominantly ranges 30-50 inches;

Color tone is dark surplish red to dark purplish brownish red

(Nos. 4, 274). Resource occurs in smaller scattered areas.

7. Elevational range: 7000 - 8000 feet (+)

7. Elevational range: 5000 - 7000 feet (?) ...

weeesse... FIR FOREST (RED FIR) (A)
trreesaracatevenaaeaanenes. FIR FOREST (WHITE FIR) {A)

6. MAP ranges from less than 40 inches.
8. MAP ranges 18 - 30 inches; color is moderate red, moderate
purplish red (Nes. 95, 22!), to light purplish red (Nos. 29, 115);

Eievational range 5000 - 6300 Feet .......cocvovvcvvecannssnsnannnanes., EASTSIDE INTERMEDIATE PINE-
SCRUB FOREST (C)

8. MAP ranges 18 - 35 inches; color is moderately dark, saturated,
or strong. ) .
9. Color is mostly strong orange-red, strongly red (No., 144) or

purplish red (No. 217). Elevational rangs is 5000 - - 7006 feet; . EASTSIOE
Resource type is ex:enswe Ceetaeesarriren s st anaan ... TIMBERLAND CHAPARRAL COMPLEX

9. Color is less orange-red, more szrongly red to moderate purplish-
red (Nos. 9, 80, 256); elevational range is 4000 - 7000 feet;
this resource type is transitional B LT T P R Py P PP T EASTSIDE INTERMEDIATE MOUNTAIN
"HIXED CONIFER (BB)

4, Colors are moderately light {Nos. 171, 228} and bright {No. 122} to
very bright (No. 118) and light (No. 243) in tone, except for dark
pinkish gray sreas. (Nos. 10, 13}, 174).

_ 10. Colors range from purplish red-gray (No. 174) to gray-pink (No. 192};-
Colors are low in saturation
1. Color tone reiatively cark surplish red-gray (No. 174) to moderately
dark pinkish gray (Na. 171) (high to low densizty, respectively);
saturation is low; elevaticral range 4000 - 6000 feet .......

veeress EASTSIDE VALLEY AND BASIN FRONT
SAGEBRUSH-SCRUB (L) (L-6,0ense)
(L-4,Sparse)

11, Color tone lighter; light or pale purplish gray (No. 127);
Elevational range 4000 - 5000 fe@L .......cccvveoveoesvanscscsesssaensss XERIC EASTSIDE GRASSLAND SCRUB
RANGELAND (S)

1. Colors range from light £ink to cale orange-red,

12, Color tone is varied; coler saturation may be strong, but
generally is not.

13, Color tone is modsrately lnght (Nq. 47) - very Jight (No 63),
Resource associated wtih bright red to mcderate orange-red
mesic rangeland areas. This type is not extensively horogeneous
within this region ....e.vvesvsveiuuuienisunonesnansseeessseassssass INTERHEDIATE INTERTOR VALLEY
’ : . XERIC GRASSLAND (N)

13, Color tone is less than ~ocerately light.{No. 47)

14, Color saturation is moderate (Nos, 38,218, 5, 94);
Color tore is roderate but ray be very I|ght(No 182)
where soil is corpletely void of vegetation cover .............. EXPOSED SOIL OR ROCK HITH
. SPARSE GRASS OR CHAPARRAL
' COVER (v}, (W), (V-KK)}

4. Color saturation is roderately low; tones are moderate;
color may be grayish (No.133) or pinkish gray(Hos.128, 192)..... MIXED GRASSLAND SCRUS
: RANGELAND. S (R,L,N)

12. Color tore is rodera:e to light; color saturation is usually strong
to bright; color apoears sirong pink, red or red orange.

15, MAP ranges 10 - 40 inches.

16, Elevation ranges “3J0 - 7000 feet; Map ranges 20 - 30 inches;
resource nix varied, occurs as pale gray-red N(S) {No.33)
or stigntly brighter red N(R) (Mo, 65); resource type -
varied and rot exIeASive ....i..veenerersarcsroressacsnnesaesas. MIXED XERIC GRASSLAND
NR), N(L), N)

16. Elevation ranges 4000 - 7000 feet

. Elevation ranges 4000 - 5090 feet; pattern discernible as
small sguares or areas with right angle corners (No.i/6).
MA? ranges !0 - 14 inches; color is bright to moderate .
red cr rec- crange (Mo 122) .............. seerierniesaaseen. CULTIVATED CROPLANDS (Q)

. Elevatior variea; righisangular.pattern not discernible.

.\ 18, #3237 ranjes 10 - 14 inches; elevation ranges 4000 - 6000

feet; ccler is red-orange often occurring as strong

tright re¢ of 2ink areas within extensive dark red

i 2 areas ('lo. 164) ; resource ray

s ... et e aa Vs MESIC RANGELAND (R)
- 35 inches.
Y ranges 5000 - 7000 feet; MAP 18 - 35
.2ry fen eatensive horogeneous areas
cis resaurce ogcur within this region (......... INTERMEDIATE MOUNTA (N
XERIC HAROWOOS (F)

an ran
Leine

= -ec

L33 - 5000 feet; MAP ranges
cclor r3itled red Lo dark
6. 125, 170); rescurce often
i ritnin gray areas;

- = fitU sirong rec areas {No. 229)... MARSHLAND (P)
Figure 4. 9. An ERTS-l_tmage |nterpretat|on key to wildland resources
within the Davis Lake study area of the Feather River Watershed region.
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data with word descriptors of color ranges. Training cells were provided

to guide the interpreters thréugh the key. .

An ERTS-1 QuantitatiQe Image lntérpretation Test

The purpose of this interpretation test experiment was to quantita-
- tively assess the ability of.two interpreters to utilize the ERTS-1 image
interpretation key (see Figuré 4.9) to identffy and classify wildland
resources within the Davis Lake intensive study area. The NASA Goddard
ERfé-i false-color compoéite (MSS 4-5-7) image was used in the tesf.
lt.shouldvge emphasized,'howevef, thaﬁ the-yegetation/terrain entitigsl
are of an ecolggitally diverse nature éhd bften'confound inferpretation
by occurring in varyingvprbportionS‘within_homogenéously appearing areas.
The test was given to two skilled interpfeters. Interpreter Abwas
familfar with the Davis Lake stuﬁy‘area resources, but Interpreter B
generally was,nof.-‘The'ERIS-l'image was projected on to the 300 test
cells indicated in Figure 4.7. Acetate overlays of precipitationvand

~elevational zonation aided the decision making process. Sixty-seven

_Specific known resource training cells were indicated on the answerl
sheet provided, suéh fhat the interpretér could étudy fhe variations
in tone signatures. -Each interpréter was asked to identify approxi-
mately-ZOO test cell areas with respect to (1) specific dominant vegeta-
tion/terrain resource type, and (2) general resource type. The idéntity'
of each training and test cell has been verified with the aid of the
ground controlled data (see Figure 4.5).

Results of the interpretation test given to Interpreters A and B

- are presented in Tables 4.5 and 4.6. The "number indicated" refers to
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TABLE 4.5. RESULTS OF THE INTERPRETATION TEST OF SPECIFIC VEGETATION/
TERRAIN TYPES USING AN ERTS-1 COLOR COMPOSITE TRANSPARENCY. '

e ls | &|a z SIS
[ o | ¥ o b @ Yz (7 g
(=3 w o < w (9] w o (=3
uth - —— © — w — = — -
= ) 2= = & Fo=S vy w3
3 |8 |Z512 |3 |8 [88izn |35 | 35|58
D woud b 5 3 £ ::J % gxx: S i
'a..l l;:l c; ; Q . . . swia X < O wx Q (4 %
- e Z=12 |2 2 |2 ¥ || ey
A |0 [A 7 13 47 Jo [30 [o |0 |0
7 B | 9 [ & 6 |3 Juo |30 33 |60
gs |10 A L 8 2 2 |80 |20 50 50
: 8 2 9 ) 1 90 10 50 10
. s A 13 4 5 8 luy |88 |61 55
B 1 4 5 [3 44 66.. | 54 55
e |35 LA 38 s |30 |8 | J22 [21 85
B 153 | 5 |30 |23 | jes5s [u3 85
D r 13 [o 1 {teo | 33. oo 0
B 0 3.1 0 0 |00 0 6 [0
A 6
w | 26 32 23 9 J20 |31 |28 79
B 2 |10 |19 5 (3% |7 |20 65
Lol (A |30 | 2 f22 {8 {8 |33 [26 | o
8 19 2 |z 7 |so |29 |36 50
N 9 |A_ | 01 9 |0 o oo | o 0 [
B 7 5 L} 3 55 33 42 L
e | 3 LA N A A o:|lé6. | o | o | 33
B 1 2 ) 0 66 0 0 33
Q| % LA 3 2 3 1o {40 | 0o |0 60
B 3 2 3 0 | Lo 0 o | 60
R |f2r pA 23 | 378 s e |23 |2 | 85
g 19 5 |16 3 (23] [as T} 76
s |16 LA i 6 |10 4 {37 j25 [28 | 62
B - | 23 o |16 7 o-|u3 |30 |00
vl ela | s | 5 | v [ 4 18 Je [80 [ 16
B s | b 2 3. 166 s0 {60 | 33
wl 8 LA 2 7 1 v |87 |1z |50 12
: B o | 8 0 0 0 0 0 )
wel & A b 0 b 0 0 0 0 100
8 3 2 2 b 150 25 23 50
e LA 6 o 6. | o 0 0 o | o0
- 8 6 0 6 0 0 0 o | 100 _
Tora g | A |83 [ 55 133 |50 (32 |25 |27 67 .
B @51 75 123 |62 |37 |33 | 62 .

Results for Interpreter A
Results for Interpreter B
€ Error based on number of type present

Error based on number of a type indicated
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TABLE 4.6. RESULTS OF THE INTERPRETATION TEST OF BROAD VEGETATION/TERRAIN TYPES USING AN ERTS-]
: COLOR COMPOSITE TRANSPARENCY.

COMPONENTS A,88,C,E| F.H KKK . LN, N() Q- R,P - L.S V,W, W8 X
COMPREHENSIVE |CONIFEROUS] HARDWOOD | MOUNTAIN |  XERIC CULTIVATEQ HESTC SAGEBRUSH | EXPOSED | STANDING | TOTALS
RESOURCE FOREST | FOREST  |CHAPARRAL | GRASSLAND| CROPS |RANGELAND | SCRUB SOIL WATER
NO. TEST CELLS 71 4 3N 17 4 23 by 10 6 210
INTERPRETER 1D] A2 | 8b B Al A8 A s [a T8 A |8 |a 8 [~ [e Als
NO. CORRECT 57 160 o [o {23 19 [ o |4 4 13 22|17 {36 32717 [h& 6 [ 6 155 [ 145
NO. COMMISSIOH]| 6 15 ! 0 9 5 o |3 oo 4 4 7 8 5 13 ] 0 32 38
|wo. eorcaten |63 | 75 1 0 32 {24 | o |7 4 13 26 |21 (43 [ 4o [12 |7 6 | 6 [1877 183
- NO. OMITTED R L |5 |8 12 171137 0 |1 1 6 8 1277 316 0 [ o [55 | &5
o PERCEMT _ ,
W OMITTED 19 | 15 }j1ao j1oo |25 {33 jloo [ 76| o (25 |4 [26 18 | 27|30 |60 [ o | o |26 | 30/
Trercent < K ,
COMMITTED - 8| 2 251 o f29 {16 | 0 171 o f o 17 {23 {15 1815 (30 |0 |o |Is 18
PERCENT d : ,
COMMITTED 9120 [100| o0 J28 20 Qo {42] 0| o115 (19 [16 |20 4 |42 | o | O 17 1 20
PERCENT _ I . :
CORRECT 80 {8 | 0 o 74 | 61 0 | 23] t100{ 75 |95 {73 |8 721 70 | 0 Jioo {100 | 73 | 69

(
@ Results for Inierprefer A
b Results for Intérpretéh B
.C Error based on number of type present’

4 Error based on number of a type fndicatéd



the number of test cells which the interpreter indicated were of a

méerfgfn'}egéJ}ce iyﬁéf The:“nuﬁbeébomitféd”fEééé;;uéo”fhérAﬁmber ofj
cells of a certain resource type that the interpreter omitted. Commis-
sion error contrasts wfth omission error in that it refers to the accum-
-ulation of incorrect interpretations (e.g., when-type “A'" is incorrectly
called type '"B", fwo errors have been made -- "A" has been omitted énd
V“B”.committed). The number of test cefls known to be of a.certain fesource
type from_grognd»contro}'informatiop is al;o indicated in these tables{

The results qf this photo interpfétation test are expressed as percent
correct, percent omission, and percent commission error. Commission érror
is expressed as the number of errorsof a type based on (1) the fotal num-
ber of the resource type présent in the test or (2) the number of errors

.of a type based‘on fhé total numbeerf thaf type-indicéted.
- The results of specific résource type identification on the ERTS;I

image are presented in TaB[e L.5. Overall they indicate that both inter-

preters were about 65 percent pfoficient'in interpreting all reéources

on thevimage. Both interprefers cofrectly identified all staﬁding watef
bodies (X), andlshowed generally high proficiencf (60 ﬁeréent) in cor-
rectly identifying Fir forest (A), Eastside timberland-chaparral forest |
(E), Mountain chaparral (KK), Eés#side Valley and Basin Front Sagebrush-
Scrub (L), Cultivated croplands (Q), Mesic rangeland (R), Xeric Eastside
grassland-scrub rangeland (S}, and Exposed Basa]f. Among theéefré50urcé
types,.commissjon errors were generally low (<35 percent) except for high
commission error for the timberland-chaparral type (E) by Interpreter B.

Omission errors were also generally low (see Table 4.5) indicating
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interpreter ability to detect these resources where they occur as .
varying tone signatures. A pigh (50 percent) omission error occurred
for Exposed Basalt by Interpreter B since he was biased toward identi-
fying surrounding_timber types (correctly) as opposed to the test cell -
type (WB). This result no doubt reduceS»tHe overall percent correct
otherwise obtainable. |
Marginal interpreterAprqficieﬁey was demonstrated for resource .

types BB, C, N, P, Vi, -and W, while nefther interpreter correctly detected
nor identified the few hefdwood types presented. Combined interpreter
reeults cqmbared Well with the feasibility indicators (presented in Table
L.5y) except for resource fypeva, KK, E, and A which were more easily
identifiable than expected.

| jt:is apparent that Interpreter A detected no Xeric grassland (N)
types and interpreter B detected no exposed rock (W) types although both
types were present. In most.cases, diffieulty was encountered in dis-
tinguishing among V, W, N resource types; A, BB, E-resource types; and
€, KK, eresoufce types. These results were apparent .in the test.cor-
rection process. From these results (Table L.5), it is apparent that
the most difficult types to detect were-BB, F, P, V, C, and W, and pro-
ficiency in correctly identifying these resources was low.

Results presented in Table 4.6 indicate high interpreter pro-

ficiency in interpreting broad resource types including coniferous ~
eforests, cultivated croplands, standing water bodies, sagebrush types,
mesic rangeland-marshfand, and mountain chaparral. Exposed sofl.and
bedrock proved marginaily identifiable by Interpreter B but more easily
identifiable by Interpreter A. . Both xeric grassland areas and -hardwood

forests were virtually undetectable resource entities and, therefore,

\
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were not |dent|f|ed correctly Among the broad resource types present

in the Dav:s Lake study area, both unterpreters were about 70 percent
correct overall in their interpretations. However, with increased
~training these results probably could have been improved.

Determination of Time -- Cost Factors

‘Table 4.7 shows projected interﬁretation time and costs associated
with the task of producing vegetation/terrain'ré;ourCe maés from both
high altitude and ERTS-1 imagery. Abproximately'sixty high‘altitude
images,‘compéred with one ERTS~1 image, are needed to compile a comb]ete
regional map. The total time required for imagéry inferpretation, intfﬁd-»
ing resource type classification, has been estimated to be seven tfmeﬁ
greater on high altitude.than on ERTS-1 imagery. This»coincides with a
projected cost ratfé on a per/acre basis,.of 7:1, respectively. Of |
importance to these projected time and cost data, however, is the gigni-;
ficant difference in resource information content between the aircraft
and satellite images. The amount of resource information lost on fhe
ERTS~] imége, however,vféméins to.be asséssed. | -

Conclusions ’

in this study on vegetation/terrain mapping, a procedure and tech- |
nique for the development of ERTS-1 interpretation guides and'kéys has
been demonstrated. The Munsell Color System, used to quéntify‘color data
and “transTormed -into guides and keys, can prove useful in interpreting
ERTS-1 images. Likewise, both precipitation and elevational data proved
useful in aiding resourcg-identifications in the Davis Lake study area.

" The interpretation test results presented above indicate the
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TABLE 4.7, PROJECTED INTERPRETATION TIME AND €OSTS
OF REGIONAL FEATHER.RIVER WATERSHED IMAGE ANALYSIS

TASK

DELINEATION OF
WATERSHED BOUNDARY
(2.5 MILLION ACRES)

"PLOTTING EFFECTIVE
AREAS

DELINEATION OF .
HOMOGENEQUS AREAS

PHOTO INTERPRETATION
TRAINING & TESTING

. RESOURCE TYPE

CLASSIFICATION

TOTAL INTERPRETATION
TIME REQUIRED

HOURLY WAGE

TOTAL INTERPRETATION
COSTS - (TIME)

" TOTAL COST/ACRE

COST RATIO

HIGH ALTITUDE
CIR TRANS PARENCY

(9 x 9 in.)

3.0 HOURS

5.0 HOURS

L8.0 HOURS

6.0 HOURS

210.0 HOURS
272.0 HOURS

$7.00/HOUR

$1,904.00

- 0.07¢

7
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ERTS~-1 COLOR ENHANCED
FALSE-COLOR ENLARGED PRINT

(16 x 16 in.)
0.5 HOURS
0.0 HOURS
3.0 HOURS

2.0 HOURS

©30.5 HOURS

35.5 HOURS

$7.00/HOUR

$248.50

- 0.0098¢
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relatively high interpretability of major resources within the Davis

— = e S — i o= iDnme - == = = -

Lake study area of the Feather River Watershed region. High proficiency
in resource identification waé démonstrated by both interpreters for nine
Speciffc resource types. As efpected, due to heterogeneity among types,
certain types were difficult to separate and identify and often were con-
founded in the process of interpretation. Howéver, those resource typeg'
deemed uninterpretable in the above test might yet prove interpretable
if (1) the key were more explicit, (2) multidate imagefy were used,
(3) enhancemeﬁts were-devised to increase the proficiéncy of intefpre-
tation, and (4) interpreter trainiﬁg and experience increased.' |

It is apparent froﬁ these'initial'evaluations that ERTS-1 imégery
interpretation is relatively rapid and less costly, in terms-of time,
than similar analysis performed on high altitude aircraft imagery. The
ievel of information‘loss between thesé “stagés“ of imagery rehaiﬁs td
be assessed.” Without doubt, the hiéh altitude‘ClR_imagerybprovides a‘
means for accurate regional resource analysis and mapping, a caéability
previously unreafized. §ynoptic ERTS-1 imagery provides the means fok
continuous regional reséurces evaluation while high altitude imagery

provides for immediate detailed area analysis.

4.2.1.3 Snow Surveys

228 of the California. Water Code states .that the'Department of.Water
Resources will gather snow data, through the California Cooperative
Snow Survey Program, in order to forecast seasonal water supplies.

Many county, state and federal agencies and private organizations
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participate.in this program and.obtain snow data by standard.snéw

‘survey methods on established courses. However, for the entire 2.5
million acre Feather River Wétershed régidn, snow data are collected

at only 25 point locations from thch water inflow forecasts are made

for the Oroville Reservoir facility. Consequently, the lbﬁg_range goal.
.of the snow survey work being conducted by the FRSL is to provide imprerd
means for estimating annual extent of snow cover during critical periods
of the melt season. These data; if proven to be valid, cou]dAbe used to

- improve the effectiveness of existing stream flow forecasting models.

-Snow Study Objectives

The research objectives'for the gnow study during this repofting
period were twofold. First, sequential U-2 high flight photography and
field data were used_to develop a suifable reference document, in the
form of an image interpretation key, which could effectively be used Sy
a trained image analysf when inferpreting areal extent'of snow‘in for-
ested areas. Second, an efficient manual qnalysis technique was devel-
oped fof estimating acreages of snow. This technique capitalizes on
the human's ability to amalgaméte information on (1) the appearance of
snow as seen on high flight photos and (2) the type, density and distri-
bution of the vegetation/terrain within which the snow occurs and which
greatly influences the appearance of snow.

Methods and Procedures

In the past, the major difficulty in studying snow cover over.vast
areas within the Feather River Watershed was the lack of suitable synoptic

view imagery. During'thé 1970-71 melt season, small scale (1:100,000)
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....and .more -than- 80 photographs

)
(

\\.
70 mm black-and-white photographs were procured (by a private contractor)

on five different occasions. Only the Spanish Creek Watershed was flown,

~.

‘were réquirted” to cover this area. During
the 1971472;§eason,~the NASA U-2 aircraft stationed at the Ames Research
Center flew four missions, each of which covered the entire Féather>

River Watershed. 1In addition, a U-2 aircraft flew a solo flight line
centering over the Spanish Creek Watershed on May 21, 1969. Conséquently,-
during this ]agt reporting period, a sufficient amount of imagery was
avai]aS]é for study. | '
- 'In~suppqrt ofxthe-receﬁt u-2 miséiénQ, th methbds wefe employed

for collecting field data on true snow conditions -- field'saﬁp!ing and
']qw altitude oblique aerfai photography. On three dates in 1972, January
31, March 6 and March'28, a field crew visited a series of permanent |
plots establfshedeithin the Spanish Creek Watershed. (thgse ploté were -
described and.illustrated in last year's annual progress repo;t.)'“The
field crews traveled by_snonobi]e and on snowshoes to each plot location.
Snow depth and condition déta were collected and recorded, consistent
with California Cooperative Snow Survey procedures'usinj_Méunf“Rose snﬁw
sampling‘tubes.
Data collection on the ground, however, was very tedious and time

consuming. Furthermore, only a few samples could be céllected befqre

so much time had elapsed that further sampling became meanfng1essAwith
respect to~afspecific high flight .mission. ‘Consequently, the priﬁ;ry

mode of ground data collection was with low altitude aerial oblique

photography. By maintaining a flying altitude between 500 and 1,000
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feet above ground and employing a 35 mm camera, with wide angle leﬁs,
color oblique photographs were taken which provided enough detail to
ascertain the pfesence or absence'of snow énd which were snyoptic_ehough
to proviae good snow boundary information. ' Each permanent ground plot
site, as well as many other targets of opportunity, were photographed

in 1972 on January 10, January 31, March 28 and May 3.

Development of an IMage Interpretation Key

A comprehensivé imagé interpretation training and reference document
was prepared which was designed to éid the trained image analyst while
eva]uatfng snowpéck conditidns as seen on synoptic view -imagery. The’
primary value of this key is that.it'documents, in_the form of word
descriptions and photo illustrations, the appearance of ;now when influ-
enced by a vériety of Qégetation/terrain conditions. Thus, a selective
type‘of‘key was preﬁared bééed on eight vegetafidn/terrain cateéories --
dense conifer forest, sparse conifer forest, dry s?te hardwood forest,
brushland, meadow or rangeiand, urban'land, water or icg, and rockior
bare ground. Within each category, examples were chosen under different
‘conditions of’eleVatién, steepness of slope and direction of slope (aspect).
For example, within dense' conifer forests snowpack conditions are described
for (1) high elevation and steep north slopes, (2) high elevation'and.
moderate north slopes, (3) high elevation and gentle south slopes, (4) med-
ium elevation and flat areas, and (5) low elevation and steep north slopés.
‘Each‘one of these specific example; represents an entire page in thé key
‘and consists of five illustrations -- one before. the snow season, two

at the height of snow accumulation and two during the depletion period
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(see Figure 4.10). In the completed vérsion of th¢ key the eight vege-
Vtatjon/terrain type ¢a§¢90(j¢s are i[lg§§ra}§§ wit; a total of twenty-
" two specific examples, each similar to the one shown in Figure~&.10.
Possibly the most important value-of the image interpretation key
is that it allows the image analyst to become cognizant of the fact that
for any given area, snow may be present on the ground but may not be
visible on the U-2 imagery. This situation often occurs within a dense
coniferous forest in which a.deep snowpack can be completely .aobscured
by the crown canopy. It hés been emphasizeq-in_the key, however;vthat
the presence of snow in a dense forest usually can be deduced merely
by examining the appearance of adjacent vegetation/terrain types. For
example, if a dense stand of timber is surrounded by meadows or brush-
lands and snow can be detected within these adjacent types, the inter-
-preter can safely predict that the dense; heavily ;haded timberedvaféa
a&so contains snow.

Development of an Image Interpretation Technique

Previous research results (see last year's annual progfess report
dated May 1972) clearly have shown that foﬁr environmental factqré_greatly
influence the appearance of a snow boundary, viz., elevation, slope,
aspect and vegetation/terrain type. For examplé, in certain areas a snow
poundary appeared to follow a line of equal elevation but dropped down
in elevatibn considerably on north facing slopes. |In addition, it was
‘found that the presence or absence of snow and consequently the snow
boundary was (1) easily detectable in meadows and bare areas, (2) some-

times, but not always, detectable in sparse coniferous forest and
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SNOW CONDITIONS WITHIN SPARSE CONIFER FOREST

Density - 0-35% crown closure
Elevation - 5,500 feet
Terrain - gently sloping (0-10°) towards the south

September 21. . No snowpack present. Photograph
appears medium grey with a pebbly appearance.
Roads easily distinguishable due to the lack
of canopy interference and appear as white
lines.

December 20. Three to four feet of snowpack present.
Ground is continuously covered leaving tree
crowns and their respective shadows as the only

- dark areas. The result is a predominant white

- with a speckling of dark areas. On this photo-
graph, in the upper left hand corner of the
indicated area, a dark grey area can be seen
with scattered white spots. This. is a slightly
north facing slope and, due to the sun angle,

the shadows have lengthened and now predominate
the image appearance. However, snow conditions
are the same as in the rest of the sparse conifer
forest. :

January 31. Over 6 feet of continuous snow cover is
present. Sun angle has increased and shadowing
has lessened. High reflectivity of the snow-
pack dominates the scene and the image is pre-
dominantly white with a scattering of dark spots..

March 6. Conditions essentially the same as on January 31,
except sun angle is even higher, and due to photo-
graphic exposure problems, the small dark spots
attributable to the trees and shadows are almost.
lost.

March 28. Snowpack has begun to deplete and is less
than 6 feet deep.. Due to the low percentage of
canopy interference, the position of the snowpack
is fairly evident. The areas of lower elevations

- are reverting to the medium-to-dark grey tone with
the very pebbly texture, indicative of the absence
of snowpack. -

Figure 4.10. Illustrated here is an example page from the image inter-
pretation key which shows snow conditions for a sparse coniferous forest
tyoe at high elevation on a gentle south facing slope. The completed
version of the key illustrates 22 specific examples, each similar to the ,
one shown here, found throughout the Spanish Creek watershed. The scale °
of the original U-2 photography used to make the key was 1/440 000 with

a ground resolution of approximately 30 feet.
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(3) nearly impossible to detect in dense coniferous forest. Once an

image analyst is properly trained (with an interpretation key) to recog-

nize various combinations of environmental conditions, and is

aware

of the relationships among these various conditions and the appearance

of snow associated with them, he can effectively map snow boundaries on

small scale imagery. However, acreage estimates of snow cover, not maps,

are needed for making stream flow predictions. Consequently,

a new

approach to interpretation, using systematic sampling, is being tested

~which (1) allows a trained analyst to accurately estimate areal extent

of snow, (2) can be applied to vast complex forested regions and (3) is -

fast and inexpensive to implement.

This new technique capitalizes on the ability of the human inter-

preter to amalgamate several kinds of information and to quickly arrive

at a decision. In addition, a new piece of interpretation equipment is

émployed -- the Bausch and Lomb Zoom Transfer Scope. The interpretation

procedure is as follows:

1. Using the Zoom Transfer Scope, observe two forms of data simul-

taneously -- e.g., a high flight photo and a topographic map annbtated

with vegetation/terrain information.
2. Place the images of these two forms of data as seen

Transfer Scope in good register.

in the

3. Adjust the lighting for each image such that each will fade in

<and .out by-adjusting the .equipment -controls.

P

L. Place a grid overlay oﬁ the topographic map. Note that a certain

number of grid intersections fall within each watershed being
l
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and, by adjustment of thé lighting on the Transfe} Scope, tﬁe annotated
map with grid can be made to fade in and out of view.

5. For each circular p}ot (e.g., five aéres) within which a grid
intersection falls? the interpreter must decide if snow is present. For
most plots, the. decision is easy, snow obviously is or is not present.
However, along the edge of the snowpack boundary the-decigicn is difficﬁ]t,
and the interpreter must concentrate on two things -~ appearance of snow
and'Vegetation/terraih condition -- by adjusting the lighting in the Trans-
fer Scope. .

6. Classify each circular plot using the following scheme:

Eggg" | 7 Condition
1 | No snow present
2 0-20 percent of ground. covered by show
3 - 20~50 percent of.grbund co?ered by snow
4 | 50-100 percent of ground covered by snow
‘5 100 percent of ground covered by sﬁow

7. Examine each circular plét in the watershed and recofd inferpre—
tation results on a data sheet using the code given above.

8. calculate the p%dportfonate number of circular plots. for:.each
snow condition. | |

9. Calculate the total acreage for each snow condition class by
applying these proportional values to the total area of the watershed.

10. Adjust downward the acreage estimate for each of the condition
classes -relating to boundarieé (i.e., codes 2, 3, and 4) by multiplying

the gross acreage values by the appropriéte value of percent of ground
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covered by snow (i.e., midpoint of percent cover class).

11. Sum the adjusted acreage estimates for the entire watershed.

e S e s i

Test Results and Conclusions

The interpretation technique described above and the image interpre-
tation key were applied to the 4,600 acre Mill Creek Watershed located
in the very center of the Feather River region. A group of ten inter-
preters.studied the interpretation key and then, while working indepen-
dently, estimatea the areal extent of snow for the Mill Creek Watersﬁed
using 70 mm U-2 photography taken on March 28, 1972.. Figure h.I1 il]us_
trates the U-2 pﬁotography (top) and the anno;afed tépographi; map with
grid overlay (bottém) which were émployed during this experiment. An
example data sheet compiled by bne of the interpreters is shown in Figure i"
4.12. Note that for the Mill treek Watershéd, 115 sample points, each
approximately 5 acres in size,-were intérpreted in terms of percent snow
cover. The subsequent calculations resulting in a.estimate'ofusnow cover
are given at the bottom of Figure 4.12. A summary table showing the.range;
of estimates of percent snow cover for all 115 points ES'presented-inj
Table 4.8. .' N |

As indicated in Table 4.3, which shows the range in interpretation
estimates by ten interpreters, the interpreters were unable to agree:on
the snow cover classification for many of the points. A CHi-Square..
analysis of these data indicated that the individual_interpreter's class~-
ification distributions were ‘independent of each other, indicating ; wide
variety of classifications for many of the pointson the imagé. For each

point where complete agreement by all ten interpreters occurred, the point
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Figure 4.11. The enlarged U-2 photograph (top), taken on

March 28, 1972, shows the 4600 acre Mill Creek watershed near
Qunicy, California. By employing the topographic map (bottom)
annotated with major vegetation/terrain information and correctly
positioned in'a Zoom Transfer Scope, ten interpreters estimated
percent snow cover at each of the 115 grid intersections.
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Watershed Mill Creek K\ : : Imagery U-2

Interpreter DTC : " March March 28, 1972
GRID POINTS ~ © SUMMARY
Alslc]ole|Frlclu]|r|a]lk|jLr]mffr]2]3]4]s
| , , , A
2 R I 3
3 R T I T O L
4 l RN EREREE 6
5 N 0 TR T O I R T AR T A 8
6 I N T T O T T IO T N O 9
7 s{2p v v tvbe oy 3ol 1
8 512111341 1 Tifstr 24 fultst2l i34
9ls s j2t2{4&t3vivi24&f{3f5i502}|3]2({313
10 5151515121 131513 2 1112 5
11 515151512 }2]5}15]5]5 2 8
12 1515151551515 15]515]5 10
13 515151515515 151]5 8
14 51515151515 ]|5]5 7
15 2 15 2
49 | 916 |6 fus

Snow condition #1 - 49/115 x L4600 = 1960

Snow condition #2 - 9/115 x 4600 = 360 x 10% = 36

Snow condition #3 - 6/115 x 4600 = 240 x 35% = 84 Total snow = 2100 acresl
Snow condition #4 - 6/115 x 4600 = 240 x 75% = 180

Snow condition #5 - 45/1i5 x 4600 = 1800 x 100% = 180G

Figure 4.12. Interpretation results .derived by each interpreter for the Mill
Creek watershed were recorded on data sheets like the one shown here. The ordin-
ate and abscissa grid coordinates shown on the topographic map in Figure 4.11 are
given above as numbers 1 through 15 and letters A through M, respectively. Note
that an estimate of percent snow cover was made for each of the 115 grid points
(i.e., 1 = no snow, 2 = 0-20 percent snow, 3 = 20-50 percent snow, 4 = 50-100 per-
cent snow and 5 = 100 percentAsnow). The calculations predicting total snow

cover for the watershed are given at the bottom. ' :
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TABLE 4.8.

RANGE OF INTERPRETATION ESTIMATES OF PERCENT SNOW COVER
FOR 115 SAMPLE POINTS (TEN INTERPRETERS).

given abové as numbers 1 through 15 and letters A through M, respectively.

MILL CREEK WATERSHED, MARCH 28, 1972
A B c D E F G H I J K L M
! 0-10
2 0 . 0 0-10
3 1 o 0 0 0-10
b 0 0-10| 0 | o 0 0
5 0 0 0 0 0 0-10 | 0-10 0
6 0-10 0 0 0 0 0 0-10 | 0-10 | 0-10
7 0-100 [ 0-35 | 0-75 | 0-75 [ 0-10 | o-10] 0-to [ 0-75 [ 0-75 | o-10 | 0-75 | 0-75
8 10-100 { 0-75 0-75 |10-100 | 0-35 0-35 | 0-10 | 0-75 0-75 0-75 {10-100{ 0-100
9| 75-100 | 35-100 | 10-100 | 0-100 | 10-100 | 10-100 | 0-35 | 0-75 | 10-100]| 0-100} 10-100 | 10-100 | 75-100
10 | 75-100 | 75-100 |75-100 j10-100 | 0-100 | 0-75 | 0-75 |10-100 | 75-100] 10-100
1 75-100 | 75-100 |75-100 |{35-100 | 0-100 | 0-100f35-100f75-100 | 75-100 | 35-100
121 100 | 100 | 100 75-100 | 75-100 §{35-100 |35-100] 75-100{35-100 | 100
13 100 100 100 100 too | 100 | 100 | too
14 100 100 100 | 100 100 100 100
15 100 100
Note: The ordinate and abscissé gird‘coordinates shown on the topographic map in Figure 4.13 are
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classification was either 0 percent or 100 percent snow cover. Thus,

as was predicted, the areas exhjbiting show boundary_conditions were the

most difficult to interpret{ and in this case the snowpack boundary passed
through the middle of the watershed.

Some of the variation in the classifications is due, of course, to
the variation iﬁ interpfeter skill ah& knowledge about snow,cdnditions.

In one case, one of the most inexperieﬁced interpreters made an obvious
error by élassifying points 1K and 2K as 10 percent snow cover, because
that person confused the light toned urban area with areas of lbw density‘
snow cover. However, at most of those points where the interpretefs
disagreed on the amount of snow present, one or ﬁore of the following
three situations prevailed:

1. In areas of low density vegetation cover, the interpreter would
classify exposed soil as patchy snow or vice versa (e.g., points 7D, 7E,
and 7L). |

2. The quantity of snow present in boundary areas betweeen vege-
tation types was difficult to determine on the imagery Becadse snow‘condi-
tions in tHe surrounding areas were not always iﬁdicative of.tﬁe condition
at the point in question (7B, 9J).

3. Photo interpreters had difficulty in determininé how far down .
‘stream channels the snow line extended (106G).

All of the interpreters felt, however, that given more training and
experience with thié'kind of an interpretatioﬁ'problem,‘they-wou]d ge
more confident and more accurate in predicting snow cover along the boun-

dary area. 1In addition, each interpreter agreed that the technique
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invoIQing the use of tﬁe Zoom Transfer Scope gréatly facilitated the
interpretation task. Thus, it is anticipated fhat the newly developed
interpretatio& technique applied to the<Mi?f Creek Watershed could be
employed with ERTS-1 imagery for thg entire Feather River Watershed
when estimating areal extent of snow cover.

4.2.2 Analysis Within the Northern Coastal Zone

4.2.2.1 Introduction

Within recent years, Californiais coastal land has come under mountiné
pressure by (1) developers who want to convert portions of the relatively
upaevelobed coast line infolhome sites for prospective buyers; (2) ;eérea-
thonists, who want to experience the beauty ofAthe~éoastal region and gain

access to tHe shoreline wfthout hinderance from private land owners,

(3) resource usersbwho are converting the abundahf vegetafive and water
resources into products'fof-human consumptfon,»ahd (h).ptility companies,
who seek éites for power generating facilities. Because the:expected
intensification of resource use in the north coast region could lead to
serious envffohmental‘problems, the people of California enacted fhe
Coastal Zone Conservation-Act in November, 1972. This act created a
California Coastal Zone CommiSShNSWhich will use 5 million dollérs state
and 15 million dollars federal money to generate a land use plan (Cali-
fornia Coastal Zone Conservation Plan) for the preservation, restoraﬁibn,
orderly development, and enhancement of California's‘coasta]vzone.

The most important prerequisite for ‘intelligent land use planning

will be the preparation.of an integrated inventory and evaluation'of the

physical and biological characteristics of the coastal region as they
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effect various types of land use. In this regard the Forestry Remote'

Sensing Laboratory (FRSL) of the Unnversuty of Callfornca is conductlng

7‘a NASA sponsored remote sensing study of the usefulness of alrcraft :and
spacecraft imagery for prepating integrated resource inventories and for
ﬁonitering significant changes in the physical and biological'environment
of the North Coast of California.

The North Coast Test Site encompasses_the entire area (10,362
square miles) within the five coastal counties ofrnorthern California
between San Francisco's Golden Gate and the Oregon border, viz., Marin,
Sonema, Mendocino, Humboldt, and Del Norte. The northern portion of the-
test eite may be characterized as timbered, mountainous tetrain where tim-
.ben harvesting and processing is the mainstay of the economy. lThe sbuthern
portion of the test site contains less mquntainous terrain and consists.
of many developed urban centers and interspersed grazing and agricultural
land. The length of coast bordering on the west edge of the test site |
is 418.milee, or approximately 39 percent of California's coast_line.
This stretch of ocean coast is rated as the most beatiful‘in thevstate.

Remote sensing studies are being performed in tno intenste studyﬁ
sites within the North Coast Test Site. The northern study efte encom- -
passes a swath of coastal land extending inland eome 20 - 25 miles from
Cape Mendocino to the Humboldt-Del Norte County line. The southern inten-

sive test site includes the area encompassed by Sonoma and Marin Counties.

- Cu

L4,2.2.2 Objectives

The primary purpose of this investigation is to evaluate the useful-

ness of remote sensing data in providing general land use planning
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information pertaining to the north coast of California, as defined by
the North Coast Test Site. It is anticipated that in the process much
information of direct benefit to resource'ﬁanagers and developers within
the area will be derived. More specifically, the objéctives are:

(1) to determine the leyel of accuracy, thé time and the costs to pre-
pare a land use invéntory using human'interﬁreters; (2) to determine the
level of accurécy and detail for classifying significant land use cate-
gories using automatic interpretation techniques; (3) fo use quaﬁtitative
test procgdures to determine which bands, dates, and combination éf'bands
and dates-of imagery obtained b? the ERTS-1 syséem provide the optimum_
data base for generating land use maps ; (4) to determine which of the
'various biological and physical features that.exhibit change ovef time
can be discriminated and monitored; and (5) to determine which remote
sensing~technidues (e.g., change detection techn1qués; image enhancement;
density slicing; densichron analysis; and Transfer Scope viewing) will
-be needed to extréct useful information from the ERTS-1 and supporting-
‘high altitude aircraft data. o

"A significant undertaking required before these ébjeCtives can be -

attained involves aﬁ"enumeration'of those parameters which are of partij
cular importance to environmental planners in determining the pdtenfial
of an area in terms of land use, be ft natural resburce utilization,
open space preservation, urban expansion, or industrial development.
Interaction between the FRSL and planners. currently involved in the;.
formulation of long range land use plans for the coastal region of Cali-

fornia is necessary for this undertaking.
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The remainder of this report on the North Coast Test Site describes
the research activities which have been conducted to satisfy the objec-
" tives of the remote sensing project. “They include: (a) compilation of -
a classification scheme which includes the environmental parameters of
particular importance to land use planners; (b) human analysis of land
use categories in the southern study site and (c) human analysis of
resource problems associated with the redwoods in the northern study

site using U-2 and ERTS data.

4.2.2.3 North Coast Environmental Planning and Classification Data

One of the objectives of the North Coast Study is to determine the
feasibility of using the information obtained from remote sensiﬁg as .an
aid to regional environmental planners for planning the orderly devélop-
ment of this area. In order to accomplish this task, it is necessary to
identify the inputs which are or could be utilized in the planning pro-
cess, and .then assign relative weights to these inputs in terms of theif
significance to the planners' ijectives. The next requirement is to
comﬁare this weighted list of desired inputs with ; list of that iﬁfor~
mation which physically can be dérived througﬁ the analysis of remote |
sensing data. This second list should be weighted according to the cost,
the time énd the levelef accuracy asséciated with generating the desired
information from remote sensing data. In this manner, an "optimum"
remote sensing system can be developed to assist regional planning.‘:fhe
steps taken to determine the information requirements of regicnal planners
are presented in the remainder of this section.

In an area as large and diverse as the North Coast Test Site, no
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one regionaj planning agency has objectives and aata requirements which
would satisfy all nofth coast planners' ﬁeeds. The agency which m§st
closely met these criteria in the north coast area was a temporary state
government body set up from withiﬁ the Department of Navigation and
Ocean Development (the Interagency Council for Ocean Résources) which
coo#erated with other state resource agencies and county planners in the
creation of the California Comprehensive Ocean Area Plan (COAP). The
major shortcoming of the data requirements outlined is the plan dealt
exclusively with a narrow aﬁd sometimes arbitrarily defined areé immed-
iately adjacent to the beaéh or coast (essentia]ly'aé.specified in-the
Coastal Zone Conservation Act pasged after'COAP was completgd),- In
order to meet planning needs within the broader North Coast Test Site,
additional data requirements must be defined. A comprehensive list of
desifab]e environmenfa] data, see Table 4.9 (applicable -throughout the
north coast), was compiled after reviewing various planning.docuﬁents.’
The primary sources used to develop the list of information needs were:
Thé Californfa Comprehensive Ocean Area Plan (COAP), 1972. )

State of California, Department of Navigation & Ocean Develop-
ment, Interagency Council for Ocean Resources.

Supplement to COAP, 1972. State of California, Department of
Navigation & Ocean Development, Interagency Council for Ocean
Resources.

California Coastline -- Preservation and Recreation Plan, 1971.
California Department of Parks and Recreation (invcooperation
with COAP). 7 '

Fish and Wildlife in the Marine and Coastal Zone, 1971. Cali--
fornia Department of Fish and Game (in cooperation with COAP).

Ocean Coastline Study, 1970. Association of Bay Area Govern-
ments (ABAG). '
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TABLE 4.9,

V. tite Characteristics or Physical Attritutes

A, Lencturre
Beaches (tuihy ang sandy)
Clitty | wreep siupe,
Dune:,
[RR ]
Nyt gy
Ses stact,
Spit, ver
Piayja:
arine terracer
Swamg

some 1ong s Vides

fUmery

8. Levlougy
Parent material -- 9 geclogic types on coest of California
Fuuity < munitur seivmologic sctivily == rank areas for hazard
Aguitersy
Aquite: recharge areds
0] or gas fielys, other mineral deposits

. Pedolugy
Suil type
S0il drainage

-
stability (erodibillty, compressibilicy)
D. Physiogrephy
Eievation, stope {stcepness and form), aspect
Intervisibility
Cxposure {shoreline): protected + exposed
Aciess {shoreline): plains, low terrace, high terrace, hills
Orainage net or pattern (delineate nnushedx
¥lood plain

5-4

E. Water Bodies
' Open water -- estuary
Open water -- lagoon
takes and ponds
permanent
ephemeral
Reservoirs
classify by type of dam
classify by proximity to selsmologlc sreas
Rivers and streams {stream order)
Tida) marsh
Tidal flat
Coves, bays
Deep water access .
Springs

hazard ranking

F. Marine Features
Kelp beas
Sediment plumes
Water clarity
Water temperature
Wavey and currents
Depth
“Reefs
Wildlife areas (abalone, fish, seals, otters, blrds, etc.)

v

<.

Matural Vegetatlion

Primary Vegetation
Species composition
Bensity

stems/acre

percent crowm closure
Timber volumes

Exonples of Primary Vegetation Classification

8lotic Communities

Land ¢ Marine Ecol
TCOAP) TCaTiT. Bept. of Parks & Rec.) WET—_&L
Barren Nb t. Redwood Forest Vegetative Cover:
Coastal forest [ 23 2. %, Coast Coniferous Forest 1. Contferous Forest
Redwood Forest L1 3. Maritime Pine Forest 2. Hardwood forest
Grasstand LI'] k.  mixed Evergreen Forest 3. Gress and forbs
Hardwood Nh 5. M. Coast Scrub 5 N, Chaparcal ¢ Min. Brush
Moodland Grass LS} . Chapasral S. Culliva(cd ¢ Pasture
Kelp Hk 3. W, Coast Grassiands 6. Barren
Marsh (salt) = 8. Coastal Strand 7. Urban
Harsh (frosh) No 9. Frestwater Marsh [cologlcnl Features:
Riparian Mr 10, Coastal Salt Marsh Entent of Abslone
Coastal Sage Ns 11, Sondy tatertida) Zone Extent of Blshop Pine
Cut-Over Redwood Nw 12, Rocky iIntertidal lone Cormorant Nesting Areas
Other L} 13. Mearshore Zone Sea Lion Rocks

14, Urban
15. Agriculcure

Gul) Nesting Area
Heron Rookery

el Grass Beds
important Flishing Areas
Clam Beds

Ocher Features or Phenomena
Vegetation orliented
burned over areas
clear cuts
by tractor
by cable
Insect and pathogen Infesu(lom
smog damage
fuel hazard for fires
windthrow along cunlng boundarias or within selective
logging areas
Land orlented
Yands|lides
stream aggradation and othar changing stream conditlons
{e.g., smount of shade for water)
areas of tidal inundatiaon 1lkelihood (e.g., from hurrlmzs)
Recreation oriented
hlstoric/archeologic sltes
unlque sites or situations of high scenic appeal
Wildlife orlented
monitor wildllfe herd slze
Identify wildlife herd range and changes in renge over tlm
Climatlic orlonted
snowfall, fog occurrence (spatially snd over time)
Pollution orlznud
air == smoke, dust
water -~ effluents, sediment loads, themal :
nolse == industrial, vehicular (proximity to Vikely sources of
nolse)
aesthetic =~ clear cuts, cut and fil) areas, urban blight

PARAMETERS OF IMPORTANCE TO ENVIRONMENTAL PLANNERS FOR :
DETERMINING THE POTENTIAL OF AN AREA IN TERMS OF LAND USE. i

Land Use o

A. Urban and Industrial 3
Resldential
density {(famldies/net atre)
0-1 very low
[EI S §
$-9 low=-medi um. !
9-29 mediumhigh
industriat
manufacturing and warehousing
utitity lnuallauons
extractive {mines, quarnn, ete.)
allitary
bases and camps o
Comuerclal ;
business centers
urban recreation (bowlling alleys, stadium,
Yranspostation
highways and roads i
alrflelds -
harbor facilitles
railroads
canals W/ e -
Instltutions o o
univarsities and hospitals

B. Open Space :
Agricultural Iy
intensive == cultivated or Irrigated
tess intensive -- graxmg‘
Commercial forest
‘Won-commerclal forest' (ul!dlma)
Reglonal recrestion (goif courses, ski areas, parks)
Other non-developed areas:

race tracks)

could easily be expan
to include crop types
crop condition, etc.

Land Ownership and Land Values b




Can the Last Place Last, Preserving the Environmental Quality
‘of Marin, 1971. Marin County Planning Department.

Mendocino County General Plan Planning Division, Department
“of Publ:c Works.

Recreation Plan, 1985, Sonoma County Planning Department.

Design with Nature, 1963. lan L. McHarg.

Natural Vegetation and Land Use Classificafions, 1972.. Dr. J.
Estes, et al, Geography Department, UC Santa Barbara..

Coastal Zone Conservation Act, Proposition 20 Public Resources
Code, Sectlon 27000~ 27650 November 1972.

Act creating Redwood Natnona] Park in California. Public Law
90-545, 90th Congress, s.2515, October 2, 1968.

Environmental Goals and Policy, State of California, John S.
Tooker, Director. Office of Planning and Research, Governor's
office, March 1, 1972.

Program Design for San Francisco Bay Region Environment and
Resources Planning Study, U.S.D.l. Geologic Survey and U.S.
Department H.U.D. Research and Technology. Menlo Park, Calif-
ornia, October, 1971. ' :

The next step was to acquire 'feedback' from the environmental

planning agencies which deal with the problems created by the develop-

mental demands being made on the North Coast Test Site. The type of

'féedback desired included: (a) the suitability of the barameters for

environmental planning, (b) the image scales, the frequency.of data~

acquisition desired for each parameter and the relative value of each.

Feedback and reaction to the list of parameters for environmental plan-

ning was received from county planners coastal commissions, U.S. Forest

Service and U.S. Park Service resource managers and wood products indus-

try personnel.

3]

‘They grouped their information needs into ''areawide'' and ''sub-area"
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levels. These planners and resource mahagers listed the optimum image

scales for obtaining both areawide level and sub-area level types of

information as follows:

/

Optimum image scales for areawide information:

"= 2,000" to 8,000' (1/24,000 - 1/96,000),
~where 1'' = 2,000' for display map of a corridor

lll

]

4.,000' as a suitable format for entire county

or planning unit

" = 8,000' as the suggested format for county atlas,
regional perspective and map format

Optimum image scales for sub-area level information:

' = 1,000' to 3,000" (1,12,000 - 1/36,000)

Concern was expressed over the costs of enlarging remote sensing
imagery .in order fo be of maxihum valﬁé, but the planners recognized the
necessity for analyziﬁg and interpreting remote sensing data at one.écale
and prepariné and displaying maps at yet another scale.

The planners and resource managers also provided a listing of basic
information for regional planning. This inc]uded topography (g.g.,‘slope
categories and dréinage patterns), soil type (e.g., stability and erodi-
bility), vegetation types (e.g., timber, grass, brush,‘and marine), and
geology (e.g., landslide and fault hazard areas). Also included were

nta

intervisibility (determination of area visible from any given vantage

point) .and .the location of rare.and/or-endangered biotic :communities or

species.

A list of environmental parameters was prepared which planners felt
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should be-ﬁonitored either periodically (mostly on an annual basis)

or on short notice. The parameters which could be evaluated by remote
sensing included: Land use by §lope classés; amount and type.of develop- -
ment on unstable soil or subjecf to flood or fault hazérd; annual‘ahount
of agriculture gone out of production;_annﬁal increase in developed land
by category (e.g., résidential? commefciél, etc.); and:areés of impor-
tance to environmental quality. |

On the whdle, the planners felt that the compilation of inventory:
data in Table 4.9‘was‘desirab1é and beneficial for improved planning
and management.

Having generated a cohplete listing of the important environmental
parameters in the north coast;.we recognize that>it remains'for imageb
interpreters and remote sensing data analysts, to determine the feasibil-
~ity’of providing information regarding those pafaﬁeters in the desired
format, within the desired .time frame and fof the‘desired cost. It is
envisaged that fhe list of environmental parameters will serve as the
‘basis for-a Qorkable classification séheme and as the basis for deter-
mining which resburée can be identified on the‘diffe}ent types of air-
craft and spacecraft imagery. Interfacing a desirable classification
scheme for the. remote sensing data with the fnformation requireﬁents of
regional planners is one of the major tasks involved in.remote senslﬁg
system development.

4.2.2.4 Manual Analysis of ERTS-1 and Supporting Aircraft-Data

in the Southern Intensive Study Area

Description of Study Area: Sonoma and Marin Counties
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Sonoma and Marin counties comprise the southern intensive study

area within the North Coast Test Site, and occupy an area of approxn—

o~

#mately ] 3hh 000 acres (2 100 square mlles) |mmed|ate1y north of and
adjoining San Francisco Bay, Callfornla. This area is complex in both
physiography and land usé and includes considerable forest, range,
basture, and agriculture (vineyards, apples and feed crops) land. It
is dissected by two major river systems, (the'Russian and the Petaluma);
and it front§ on both the Pacific Ocean and San Francisco Bay. :The
impact of population bressure is felt in this area as increased urbén~
ization and transportation networks spread along the horth bay shdre of -
Marin County and the interior valleys of Sonoma County.A-lncreasfng preé-
sure among user groups for more land>preserves or more developmen£ (in
single units, large developments, large brivate holders or state owned
land), makeé accurate land use_inveﬁtory, monitoring, and planning a
necessity. |

For this reporting period, two types of analysis of remote sensing'
data were performed of Sonoma County (see Figure 4.13): (1) July ERTS
and U-2 imagefy Qf Sonoma'County‘were compared to determine their use;
fulness for mabping land use categories and (2) several dates of ERTS
imagery of Pt. Reyes Nationa].Seashore in Marin cbunty were studied to
determine how seasonal changes affected mapping\acéuracy. Several
ground truth cells of approximately four square miles, representing
differing 1and_use,.weﬁe4located“throughoutptheustudy;area. ;Ground -
photograéhs Qere faken in conjunction with ERTS-1 overflights (July 7

and 11 and August 31) for verification of interpretations made on the
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Figure 4.13. This ERTS-1 color composite image (July 27, 1972) of Sonoma
County, California illustrates the delineation and classification of homo-
geneous appearing areas. The text contains explanations and analyses of
23 land use vegetation/terrain type classifications applied to this region
of the North Coast Test Site.
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satellite imagery and U-2 photography. To complete the sampling, excel-

lent U-2 photographs (scale 1:130,000 and 1:445,700) of the study area -

were obtained by the NASA/Ames U-2 aircraft on July 5, 1972, 0c£;>ber 6,
1972, and Jaﬁuary 4 and April &4, 1973.

The objectives for analyzing ERTS-1 snd high altitude aircraft
data are to determine (1) what environmental or land use parameters can
be delineated and classified on ERTS-1 imagery, and (2) to what degree .
identification of these areas is possible on ERTS-1 alone and with the
aid of supporting aircraft aﬁd ground truth data.

Material Examined

ERTS-1 imagery available for evaluation and interpretation during
this study period included:
7/27/72 generally clear, except along coast

8/13/72; 8/14/72 clear

9/1/72 20 percent cloud cover

9/19/72 50 percent cloud cover, étattered cumulus
10/7/72 90 percent clbud cover |

10/25/72 clear -- positive transparencies very dense
11/12/72 30 percent cloud cover |

11/30/72 L0 percent cloud cover

1/5/73 clear

The July 27, 1972, ERTS-1 imagery of Sonoma County was selected for
the initial interpretation of regional land use categories for the follow-
ing reasons: (1) good quality imagery was availalble for interpretation

and for making color composite images, (2) Sonoma County was virtually
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cloud free, (3) ground data were collected near the time of the ERTS-I
overpass, the (4) a U-2 high-altitude flight (72-110) occurred close
to the date of the ERTS-1 overpaés: | |

In addition, 70 mm and.9'x 9-inch color infrared aerial,photographé
were oBtained by the U-2 aircraft on July 5 and October 6, 1972. The
July imaéery was of very'high_quality and covered the eastern portion
of Sonoma County. The aerial phoéography taken on October 6 provided
coverage of the westérn half of the county. rThis high_altitude photo-
gréphy (65,000 feet) provided the déta against which the delfheations:’
and classifications made on ERTS-1 imagery from July were éompared.

Procedures : |

The firét step takén during the anal&sis of the ERTS-1 imagery of -
Sonoma County was tOtreyiew.the-parameters,for environment planning
described in the. previous section (Table 4.8). This review revealed
that many of the informational requ?rementS»of regional planners could
not be satisfied with the level of information extractable from ERTS-]
imagery; Their needs would be better served by ‘high altitude photo-
graphy of higher resolution (as provided by the U-2 aircraft). It was
felt, however, that generalizéd land.use and vegetation/terrain maps
could be prepared from the satellite imagery. These generalized maps
could be of considerable value in less developed areas requiring a more
: general classification scheme.

The second step ‘in the analysis was to delineate the homogeneodg
areas visible on the ERTS-1 imagery. For this purpose, black-and-white

ERTS-1 imagery from MSS bands 4, 5, and 7, was delineated based upon
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 the tone, texture, and location of features. A diazochrome color

composite, simulating a false-cqlor infrared image, was prepared using

three MSS bands; the composite was made by superimposing band L repro-
duced on yellow diazochrome filﬁ, band 5 reproduced on magenta diazo-
chrome film, and band 7 reproduced on cyan diazochrome film. Then
using color, texture, and location of féatures as clues, hqmogeneous
areas were delineated and classified on the color composite.

| The third step was to compare the delineations made on the ERTS-1
color composite with the'high altitude photos takenvon July 5 and October
6. To fécilitate this cpmparison, the delineations made on the ERTS-1
color compoéite were transferred directly to the U-2 high altitude:imagery
by means of a Zoém Transfer Scope. Finally, the high alfitude color
infrared photographs were interpreted to verify the delineatipns and
classifications made on the ERTS-1 color cohpbsife and to eétab]ish fhe
true identity of many of -the units delineated.

Results of the Aﬁa]ysis of the ERTS-1 Color Composite

Figure 4.13 shows thé ERTS-1 color composite with the homogeneous
unfts delineated. A degcription of each of these ﬁépped éréas abpears
in Table 4.10. These descriptions.are based primarilywupon analysis of
high altitude pﬁotography and ground data, rather than on interpretafion
of the ERTS-1 composite. The aﬁalysis of the ERTS-1 combosite revea]gd
that only a limited number of categories could be accurately or consis~
‘tently identified, although the -delineations, themselves, coincide auité
closely with different land and environmental catggoriés.

In general, healthy vegetation categories could be identified and
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Chaparral/0ak: chaparral~hardwoods in approximately equal proportions. Species similar to 18.

TABLE 4,10.- DESCRIPTION OF MAP UNITS DELINEATED ON THE
ERTS-1 COLOR COMPOSITE IMAGE

Forest: greater than 95% vegetated (based on proportion of ground area obscured by vegetation in the
vertical view); little bare soil and/or rock outcrops, mountainous terrain. Specles include canyon
live oak, California black oak, bigleaf maple, madrone, red alder (Callfornia white oak and blue
oak restructed to eastern county)

Forest: greater than 98% vegetated, little or no bare soil or rock outcrops, restricted to northern
coastal hills. Species include a mixture of hardwoods and young conifers: bigleaf maple, madrone,
bishop pine, tan-oak Douglas fir, red alder, redwood. . :

Forest/Grassland: up to-10% open grassiand and/or rock outcrops, mountainous terrain. Species compo-
sition similar to | above, increased open grassland being the major difference.

Forest/Grasstand: 50-60% open grassland, in general occupynng drier inland sites and mountainous ter-
rain, Species composition Douglas fir, madrone, tan-ocak, chinquapin.

Forest/Grassland: Grassland up to 20% total area, northnrn county, mountainous terraun Some com-
mercial conifers including Douglas fir, sugar pine; other species include tan-oak, chlnquapln and
0aKks.

Forest/Grassland: Occupies inland mountainous terrain. Species composition similar to 4 above, but

with lTess open grassland (less than 2063).

Forest: 90% commercial conifers; grassland less than 10%. Some coasta! influence affects species
composition (e.g., of bishop pine, Douglas fir, and redwood).

Agricultyre: vyoung orchard area along stream margin.

Agriculture: nixed. agrlculture on river valiey flood: plaln, generally small fields, including dry
and irrigezed pasture, alfalfa.

Agriculture: large fields formed on reclalmed land, mature or harvested in July, thereby appearlng
Eright white. : .

Agriculture: smalle? fields planted to feed grains, scattered small orchards -and residencés.
Agriculture: Napa Valley vineyards. V

Agriculture: primarily apple orchards located on river terraces.

Grassland/8rush: coasta} chaparral type.

Grass'and/Pasture: .associated with interior foothills, dairy farms predominate.

srassiand/Pasture: similar to 15 but having less dairy farms, slightly drier sites than 15.

Grassiand/Woodland: interior foothills, annual grassland are predominant on slopes while oaks
domirate in drainages and on hilltops.

a</;HaEarral oak more prevalent than brush types. Species include California white oak, Cal:fornua
Slack oak, Oregon white oak, canyon live oak, California live oak.

Marsh: saltwater marsh. Species include pickleweed.
Urban:

Area of Little Vegetation: serpentine snil, bturned area, limited.extent.

Gottoniand: along river, riparian-vegetation present, limited extent.
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differentiated from dry or unhealthy vegetation types. That is, forest

and shrubland types could be distinguished from dry rangeland types.

D;ff;rencés.QitHinrthé healghy vegetation category attributed to plant
density were readily apparént and delineated; Major riyer systems, spe-
cific_urban complexes and agricultural land (see Table 4.10) were also
among the broad categories which could be identified directly on the
ERTS-1 color composfte. With the aid of high altitude U-2 photography
and 2 limited amount of ground data, all the categories (map units)
delineated on the ERTS color composite were identified.

The 23 separate d;scriptions fall into eight general categories:
forest, agriculture, grassland and grassiand/woodland, chaparral or gcrub,
marshland, riparian, urban, and barren. As such, they conform to many
of the general categories which appear in the classificatibn~sche9és pro-
duced by COAP, ABAG and the State Parks system. ‘The amount of detajil
requiréd by these séhemes, which varies, is often met by thé sub-classi-‘
fiCationé --vas mapped on .the ERTS-1 color composfte image. For more
accurate or reffned vegetation typing, includfng speciés identification
and determination of land use practices, high resolutioﬁ imagery, éccompa- 
nied by some samp]ing‘on the ground is essential.

Figure 4.14 shows  three example; of U-2 imagery provided by'NASA/Ames.
The delfneations appearing on these photos are those transferred from the
ERTS-1 color'compésite image by means of the Zoom Transfer Scope; Note
that “these delineations~are easily compared with ‘the -actual ground features
seen on the U-2 photos. It should be apparent-that there is good corre-

lation between the delineations of land use and vegetation/terrain types
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Figure 4,14. These U-2 false-color infrared photographs of Sonoma County illustrate the technique
used to evaluate interpretation results derived from ERTS-1 imagery. Delineations and classifica-
tions made on the ERTS-1 imagery have been accurately plotted onto the U~2 photographs using a Zoom
Transfer Scope. Consequently, boundary placement and type of identification are easily evaluated
when positioned on the high definition U-2 photos. Note that photo "A'" illustrates mainly forest
classifications. Photo '"B" shows the cities of Santa Rosa and Petaluma surrounded primarily by agri-
culture classifications. Additional agricultural classifications surrounded by grassland-shrub-
woodland types are illustrated in photo 'C'', The classification symbols appearing on these photos
are explained in Table 4.10.
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made from the ERTS-) color composite image and the features seen on the

aerial photos. Accurate identification for the majority of the mapped

units, however, was ﬁossible only with theraid of the higher resdiufibn
aerial photographs. For a féw of the mapped units, large scale photo-
- graphs and ground data were required to provide accurate identification.
As can be seen on Figure 4.14-A, there is good coincidence between the
ERTS-I aﬁd high altitude'images for the mapped areas of forest. Hoﬁevér,l
in order to accurately identify the various categories of forest land
(types 1-7 in Tablgkb.lo)high resolution images or ground data Qere requiréd.
The sub-classifications within the forest class are based mainly on varying
proportions of open space and woody vegetation. Forest categories (1-7),
however, could not be accurately differentiated from other vegetation |
types such as riparian (23) and shrub-chaparral (14, 18, 19) on the ERTS-1
composite image. | |

Agriculture categories (8-13), thever, could be identified and dif-
ferentiated from other categories on the ERTS-] image. A comparison of
types 9 and 11 (SeeAFigure 4. 14-8, C) suggests that subtle differences
between agricultural land categories are related to field size. In
addition, the relative amount of irrigated pasture in an agricultural
area could be detected on ERTS-1 imagery. The‘strafifi;ation and identi-
 fication of different agricuitural types could be improved by mapping -
at a more desirable seasonal state usiné a multidate approach. ”

In Figure 4.14-C, the fransfer of data from ERTS-1 to the U-2 photo
shows that grassland andvgrassland/wooéland types can be accurately

mapped. Interpretation of the U-2 photo shows that the differences in
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the ERTS classifications were due to relative density differences in
tﬁe grassland.{(15), grassland/oak (16), and brush and oakA(l7) typesi
The ERTS-1 image>appears to have adequafe'detail for the differentiatiqn
of types 15 and 16. The July seasonal state is excellent for distin-
éuishing grassland, now dry, from healthy, green vegetatfon types.
Figures 4.14-B and L.14-C show the cépabilities of ERTS-1 for
allowing discrihination of shrub-chaparral types. While these cate-
gories can be mapped separately, they tend to bé easily confused with
forest types. Therefore, higher resolution imaéery is required to.con-
sistently differentiate these categories. |
Marshland (seen on Figure h.yu-c), is easily de}inéated on the
ERTS-1 imagery and can be classified separately from all other categories;
Its proximity to the-estuary makes the identification of this category
possible, although absolute verification is possfble only with the aid
of the U-2 photography.
Several urban centers can be seen‘§n Figures 4.14-B and 4.14-C.
~The perimeters of the ufbanized_areas blend into adjoining dry.grassland
and pasture and are difficult to”map accurately on ERTS-1 imégery. The
urban centers;Ahowever,‘are visiblg as separate entities énd can be iden-
. tified as "urban'’ on the ERTS-l'imégery. ‘The July ERTS-1 imagery is not
the optimum one for classifying urban areas which are bordered by dry.
grassland and dry land agriculture -- later in the year these adjoinfng
~areas will turn green and will contrast sharply witﬁ urban areas on -
images taken .in the red band (e.g., MSS-number 5).

The category of barren areas (22) refers .to those areas which appear
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to be devoid of vegetation or which do hot conform in appearance to other

nty is

_natural categories. One example in the northern part of Sonoma Cou
a region 6f serpentine soil which has a sparse covering of Qegetgtion.
Another example of barren land is an area in the southern part of the
county. It can be seen in Figure 4.14-C and appears to be a brush/oak
mixture which was burned.by a wildfire sometime after the U-2 imagery
was taken on July 7 and before the ERTS-1 imagery was taken on July 27f

The riparién vegetatjon mapped on Figure 4.14-B occurs aloﬁg a stream
course and_though accurately mapped on ERTSfI, it could not be consistently
idéntified in other areas énAthis type of imagery alone.

Table 4.11 summarizes the findings of the comparative analysfs'df
thé ERTS-1 co1or composite image énd'the U;Z photography for those‘cate;
gories which were initially mapped on the ERTS-1 color composite iﬁagé.
It should be apparent from this table that many wildland and cultu}al
features (categories) can be accurately delineated on an ERTS-1 image,
but only a few can be accurately identified. Most of the mapped cate-
gories could be identified using U-2 photography. These analyées'aléo
revealed that certain categories could be identified because of their |
~ seasonal appeafance in.July; It is recognized that still other cafeéories

will be identifiable because of their seasonal appearance at other dates.

Results of the Analysis of the Multidate ERTS-1 Color Composites

of Pt. Reyes

ERTS-1 color composites from three dates (July 25, 1972, October
25, 1972, and January 5, 1973) show Pt. Reyes Nationa] Seashore in three’

distinct seasonal states. Analysis of the ERTS images was performed to
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TABLE 4.11.

IDENTIFICATION OF MAPPED UNITS

ON ERTS-1 AND LARGER SCALE IMAGERY TAKEN DURING ONE SEASONAL STATE

Categories from Table 1
Delineated on ERTS-1
Color Composite Image

Categories Identi-
fiable on an ERTS-1
Image. (Single Date)

Categories
Requiring U-2
or Larger Scale
Imagery for
Identification

Forest

~N O W —~

‘Agriculture

9
10

1
12
13

Grassland & Grassland/
Woodland

15

16

17

Shrub-Chaparral
14
18
19

Marsh
20

Urban
21

Barren
22

Riparian

23

> X
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determine if the phenological differences would improve the acciuracy of

delineating and identifying the important plant communities associated
- o o e

with the National Seashore. A véget;tioﬁ t;pe;haprof all plaﬁt‘commun—
ities (prepared from U-2 pﬁotography and checked on the ground for
accuracy) on Pt. Reyes was used to compare the accuracy of the mapping
on the ERTS co]orvcomposites. Mapping from the ERTS composites was
based upon color and texture.

Preliminary results indicate that the July imagery is best for
separating the grassland communities from the scrub and forested plant
communities. This'de]ineatfon is possible because the‘grasslandvvegeta-

.tioﬁ is dry in July in contrast to the healthy greeﬁ'foliage of scrub
and forest vegetation. Later in October anleanuary, the grassland
vegetation has turned green thus reducing the contrast between this
type and others it is associated with. Hardwood vegetation found asso-
ciated with drainages was most accurately delineated on the July ERTS
image. On the latter dates of ERTS imagery, the hardwood foliage had
either turned brown or had dropped. A fog bank obscured this area on
the July ERTS imagery. Scrub-grassland communities and confer-scrub
communities wer; best delineated on the October ERTS imagery. Numerous
man-made reservoirs which trap surface runoff for cattle drinking water;
could not be resolved on any of the ERTS images examined. Mogt of these
reservoirs are less than one acre in size. |In summary, only gross.Qege-
tation boundaries could be delineated.on the ERTS colér composites- taken
during three different seasonal states. Because of the low resolution

of the ERTS composites it appears that phenological changes in the
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vegetative condition did not significantly aid in the delineatibn of
plant communities. Of the three ERTS images examined the July or October
images were judged the best for plant cémmunity mapping. Unfortunately,
the level of detail.in‘mapping wag not syfficient to be of much use to
Park Service or Coastal Commission personnel for planning or management
purposes. (illustrative materials and maps generated in this study will
be reproduced fn the finaf ERTS-Type 11 feport, dated December, 1973)?

4.2.2.5 Analysis of Wildland Burned Areas on ERTS-1 Imagery

Introduction

This section discusses the.analysié of ERTS imagery for fire damage
assessment of a large wildfire which ocﬁurred:in éh area»édjacent to the
f southern study area of the North Coast Test Site; Although the fire did
" not occur within'fhe Test‘Sife, the fire.did coﬁsume vegetation types
and” threatemsresources wh}ch weressimiztar.to those ﬁpund withip. the..g 4. .-
Test Site. Hence, the analysis is presented here to i]iustréte the.
potential and practical uses of ERTS imagery for gvaluating fire damage_
within the North Coast Area. |

Procedure

The perimeters of the Pécket Gulch and Fiske Creek fires were
mapped on an ERTS black-and-white infrared transﬁarency (MSS band number
7), acquired on July 27, 1972, approximately 10 days after the suppression
of both fires, (see figure 4.15). The fire perimetef map was made uéing
the Forestry Rgmote Sensing Laooratory scanning microdensitometer and
computer capabilities, and was compared with the map produced by the

California Division of Forestry (CDF) using conventional techniques.
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Figure L.15.

A. California Division of Forestry (CDF) map of Fiske Creek (left)
and Pocket Gulch (right) burns. CDF estimates of area burned were
60 acres and 10,340 acres respectively.

B. Map of Fiske Creek and Pocket Gulch burns prepared by the Forestry
Remote Sensing Laboratory from a single band black-and white ERTS-1
image, as shown in C. Perimeter detail and information about damage
levels within the perimeter are increased here relative to the CDF
‘map in A.

C. Portion of ERTS-1 MSS band 7 image'taken on July 27, 1972. Enlarge-
ment of this image was used to create map in B.

D. Low altitude oblique photo showing the small Fiske Creek burn.
Camera is looking towards the south as indicated by annotation 1
on Figure B,
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Conventionally produced fire perimeter maps are made by individuals who
walk or drive around the fire perimeter and draw the boundaries on a
topographic map shee;; In the case of very large fires, low flying
aircraft or helicopters are employéd and an individualvdraws boundaries
by hand directly on a map sheet. A-typicaj map appears in Figure 4.15

- and are used almost exclusively for determining'the location and acreage
burned by the wi!dfire. This information is needed to determine who
.has incurred.fire.damage and who should be charged for fire suppression
activities. |

Results and Discussion

Figure 4.15-8 shows’thé perimeters of the Pocket Gulch and Fiske
Creek fires as drawn from the ERTS-1 image and using the FRSL scanner/
tohputer system. The CDF and ERTS-1 maps differ significantly. Estimates
Bf the overall burned area were 10,340 acres and'l3,§40,'respectively.
The CDF spent approximately 4 to 8 hours (including flying the fire to
draw the maﬁ, plus iimé to use a dot grid fér Areé estimation), or about
$506 to‘map the Pocket Gulch burn. Forestry Remote Sensing Laboratory
personnel spent about 25 minutes (after the image was }n hand) or about
$50 to map ‘the same burn. Low altitude oblique aerial photography (see
Figure 4.15-D and Figure 4.lo-D) indicates that the fire perimeter map
'produced bf the FRSL is more accurate than that prepared by the CDF.
More significant than the improvgd mapping of the fire perimeter is fhe
additional capabilities provided by ERTSTI imagery to map_the interior

of large burned-over areas in detail and to monitor burned areas over

time to evaluate vegetative regeneration.
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Figure L.16.

A. CRT output from the FRSL's CALSCAN automatic image classification
process, using MSS bands 4, 5, and 7 from ERTS-1 data tapes, showing
the Fiske Creek and Pocket Gulch burns.

B. NASA color composite, MSS bands 4, 5 and 7, showing the same burns.

C. Change detection enhancement made by the FRSL using the diazochrome
compos i te process showing a control burn (9/15/72-9/18/72) on
southwest edge of original Pocket Gulch wild fire (7/17/72).

D. Low altitude oblique showing the unburned grass and orchard "island"
within the Pocket Gulch fire perimeter. Camera is looking towards
the northwest as indicated by annotation 2 on Figure 4.16-B.
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Figure 4.15-B also shows interior delineations which correspond to
those areas within the main fire perimeter where little or nd fire
damage occurred. These aelineations we}e made by a human interpreter
u§ing the X-Y coordinate recording-scanner and computer facilities at
the FRSL.

Interior delineations of the burned area can also be‘made using
automated classification techniques. The FRSL's computerized.system
processed three bands (MSS bands Q,S-and 7) from ERTS data tapes using
its CALStAN;automatié featﬁre classificétion routine, which then dis-
played on a color cathode ray ‘tube (CRT) what is seen in Figure h.]16-A.
In addition to fheJcléssiffgdvimage generateq'by“CALﬁgAN,_iapu{a}éd;

jstatiétfcé ake deQided foffeach claéﬁified cétégbry;.enab]ing ready
:éémbﬁtéfianAof;a]I-re{é?anFAargag. A dire;t.comﬁérden of §he multif o
band (5,5 and'7) cQIor coﬁposite-inAFigure hffé-éjwith thé.mdltibaﬁd'
classified enhancement in Figuéé-hé]é—A cén Hof be méde“becéu§é'ﬁhe 
latter shows the result.of point by point classification (from magﬁetic
tapes) based on selected training samples whereas the former is an
unclassified ERTS-1 color composite iﬁage which portrays the wildfire
and all the variables of :topography, vegetation and degree of burn
associated with it.

Classified maps such as have been discussed here aid in more éccurate
damage assessment{ better planning for salvage logging in timbered a}éas,
improved post-fire revegetation programs (where speed is»essential'té
insure that aerial applications of seed get througﬁ loose ashes before

a rain), and rapid post-fire fuel hazard evaluation.
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The change detection capability of .an ERTS-based remote sensing

system is illustrated in Figure 4.16-C. The dark green color shows the

e e ez ==

17, 1972), and the whitish area‘signlfles a change in the perimeter of
the fire as detected by the SeptemberAIS, 1972, ERTS pass. The multi-
date enhancement shown in Figure L.16-C was made using the diazochrome_
composite process. When the CDF Was contacted, it was learned that a
brivete land owner had conducted a control butnion his proberty (from
September 15 - 18) to improve grazing potential, using the west edge ot
the Pocket Gulch burn ae one fue]vbreak. -The CDF on-the-ground estimate
,QF'theAneh:eeheage'bgrned,WasAZZQQ_eéhesv' Ana]yS|s of the ERTS |magery _
b:shdhs'thfs eEtimete to Seléos’lé}gé' Detectlon of . the new burn is JUSt
ohe:exemplelof change which~can be detected between.paeses by the sat-
ellite. As revegetatuon of the burn progresses (both the September 15
controlAburn and -about. half of the Pocket Gulch burn have been seeded
to grass), it.will be moni tored ahd evaluated_wuth the aid of the
sequential ERTS-I data.

The post-fire mapping of bbrned wildland areas is importaht for many
reasons, and tens of thousands of these fires occur annually across the -
United States. Consequently, it appears certain that the use of sequen-
tially procured ERTS-1 data, rather than conventional mappind procedures,
can provide superior poet-fire maps, at more frequent intervals and with

greatly reduced manpower requirements and costs.
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L4L,2.2.6 Manual Analysis of ERTS-1 and Supporting Aircraft Data in the

Northern IntensiveAStUdy Area of the North Coast Test Site

~

Introduction

The northern intensive etudy site includes the relativefy undevel-
oped land between Cape Mendocino and the Del Norte-Humboldt County line.
Included within this forested area which extends approximately 15 miles
intand are_Humboldc Bay.and.two metropolitan areas of Eureka and Arcata.
Analysis of remote sensing data has concentrated on the,timdered land |
within the drainages of Redwood Creek; Several reasons-can be cited
for se]ectrng thls area for intensive study (T) The»area-includes’
J_both prtvate]y and publlcly owned tlmberland he]d wuthln the Redwood
' Natnonal»Park; 2) national and even |nternat|ona1 attent|on has been .
"focu$edAupon.thns'area durcng the'estab}»shment‘ofﬂthe Redwood Natlonal:‘.
Park and there IS great ‘public’. concern |n fhe management of the land
>within and adJacent to-the park boundarnes (3) Redwood Natuonal ‘Park
personnel are authorized by Public Law 90-545 to assure that the conse-
quences. of forest management.and land_Use:en lands adjacent to the Park
do not adversely effect the resources within the park; (h) Park Service
personnel have elucidated many management problems which can be -assessed
.through judicious use and analysis cf remote sensing data; and (5) the
area contains forest vegetation types and management problems which are
uniqgue.

The primary objectives for our remote sensing studies in the northern
study area are to work cooperatively with resource planners and managers

(e.g.. forest products industry>personnel,'Park Service, Water Quality
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Control Board, North Coast Commission, etc.) to (1) demonstrate the

usefulness of supporting high altitude aircraft photography and ERTS-1

;rg?géééFéffbimgge}yrfbr prepari5grinventories of resources, monitoring
changes in the resource base, and providing resource information for
planning and management purposes; (2) determine the extent to which
aircraft or spacecraft imagery can locate potehtial and existing
prqblem areas, e.g.lunstable soil, natural or inducéd erosion or slides,
loss of treé Qiéor; and (3) to determiﬁe the séecificafisns for a b}ac-
tical remote'sensing system which would assist in resolving resource
management problems,

»?:Proceduré;z'”
11:L Tﬁ}éelFé1é£ed-agéiygis £a§ks 5$9é béeh §érf§fﬁéa>}H1aH ef%orfitglf-_-ld
.Ve_deﬁermine'thg>u;iljty_of remote sensing data for evaluapfng\reSQUfce§ -
IZ?Wifhfﬁﬁﬁhqiredw§dd ;fmﬁeﬁland ofﬁﬁdfthern‘taiifofhié;-“(IY:Exfsting
bbiééklahdAWhiéé:aé}fél éhbfoé‘bf cég;éhtTohal'SQaléé.(l/lo;oob fé
-1/20.,000) were examined to reconstru;f a hisﬁory oF.harVesting pét-
terné within a portion,bf Redwood Creek. The dates of the conventional |
photographs included: 1936; August, 1962; December, 1966, April, 1968,
and March, 1972. Smallscale color-infrared aerial photographs were
obtained on April, 1972, July, 1972, October, 1972, January, 1973, and
April, 1973. These photos provided the opportunity to demonstrate the.
usefulness of aerial photographs for monitoring the location of rece;t
harvesting acfivities‘and for determining ‘the area of-harvested timber-
land within the Redwood Creek drainage within the past year; (2) The

existing small Scale color-infrared aerial photography, (1,120,000)
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prevjous]y indicated has begn used as a data base for displaying inven-
tory information and potential resource probleh areas. Because this
aerialAphotography has been obtained during the four seasonal sgages,
it has provided an opportuﬁity to determine how seasonal changes in

the resource base effect the accuracy of detecting and identify}ng
physical and biological resource parameters. The small scale aerial
photographs (obtéined using the NASA U;Z aircraft) provide sufficiently
broad coverage per photo and sufficient defail.to be exﬁellént for |

" comparison with ERTS-1 images. (3) Multidate ERTS-1 coior composi tes
were pfepgred_for thﬁge.dates of cloud-free weather for the North Coast
we;é s{ddféd.éqhdétérﬁ?ﬁé}ﬁhéieralug fdr“mohitéring'cﬁangés in_thg""
rééqufEelsase anq §s albase fb; disp]aying'reg{ona)-veéétat{yé;cove};1 
ana:topograﬁh]c and slopé infpfmation. -

" Results

'Harvestjng,History
‘ Théjcénvent{gngl aéria] bﬁqtogréphsVtaken_periodfcé]]y ba?k fo ‘:_

1936, were valuable for deterﬁining the approximate time the initial
timber harvesting had occdrred in previously uncut stands of redwood
and douglas fir. The exact date of harvesting could not be determfned
from the photographs because of the time interval between the dates of
existing aerial photographs. Although it was readily apparent When
initial -harvesting had commenced, it was more difficult to determineﬂ
wheﬁ and where reharvesting of stands.occurred. Reharvesting occurs

when a selection system of tree removal is employed. Under this system
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a minority percentage of the trees are removed initially, followed by

additional selective tree removal at subsequent dates For-the most

~
S = = e T mee =

yee;t; Eﬁé aertal photogrephsvw re also useful in determ:n:ng the type
of tree'removal system emplo;ed, be it sélective harvesting of complete
removal of ‘the stand, and the technique for removiné the downed timber
once it had been cut, be it by tractors which are used on the rela-
“tively gentle slopes or high-lead cable whfcn is used in relatively
steep topography. The importance of knowing the.technfque'of tree‘
removal is related to the amount of disturbance of the soil and associ-
‘ated vegetatjon.

. "The' 7'sma'1 'lf siea'z',e 'u-z ‘fco'wo_r~zn"f_jra'red .fa_‘e'rial ApAh‘o__t~ogr.'.e’pHs' ot'bté.i,ned :'
'durlng four seasons in 1972 and 1973 élso:sdeea‘wnereiharVesting |
-actlvuty was occurrnng and the proxnm«ty of other actuvut:es ‘and -

) nesources with‘respeCt to the'harvestung | Through pruor knowledge

‘of the timber volumes aSSOCIated w1th the dnfferent tlmber stands in.
the area it is possible to estimate the amouhtﬂdfvtimber removed for a
given time interval. The ERTS color composites were sufficienfly~
detailed to show the major cutover areas within Reewood Creek. However,
the resolution of the images was not snfficient to detect areas wherev
selective harvesting was being initfated or where‘reharvesting was
occurring withinepreviously disturbed stands. It would also be diffi-
cult to make an accurate visual estimate of the amount of area newly
lharuested despite the fact 'that newly harvested areas (those which -

the trees werevcompleteiy removed) could be detected.
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Preparing Inventory Information and,Detecting,Potentiai Problem Areas

The U-2 color infrared iméges were ideal for displaying existing
“inventory information regardiné the timSerlands within Redwood Creek.
Enlargements of the U-2 photographé proQided sufficiently large coverage
and detail .to be very Qaluab}é as a base map over wﬁich maps of soils,
timber volume, vegetation type, slope data, etc. were overlain., The
valqe of the U-2 photbgraph }ies fn its pictorial representation of the -
physicaf'and biological attributes of the timberland envikoﬁmeﬁt and of -
the'ré]ationships of various vegetation-soil types in rélationship to
each other. The U-2 photqéraphs (original sca1e>of about 1/120,000)

Qére enlaféed épbro&imately three énd'a hélfifime$ to arnéw Séafe ofl f.w
approximafely ]/B0,00Q and_wére judged exce]}ént by.forest proaucfs
.inauétfy befsdﬁne1 For planningJ}éadAlocafions, timbéfjharvéstfhg ..
'gite;, and sfahd”fﬁprovements: In additidh; théy~wehé judgedn&efy

good by Park SérVice and Forest fndustry personnel qu asseééing_char-

" acteristics of the watershed which represented potentié] problems to
watershed stability.

Using the U-2 photographs for reference, the ERTS colof.compoéites
were analyzed for their potential in supplying iﬁventory and change
detection information. ~Whereas the ERTS composites provide coverage of
the entire region on a single frame, and show gross seasonal changes,
for example the distribution of snow cover, cﬁanging reflectance charéc-
teristics of the tree species, changing patterns of sediment release-from
Redwood Creek into fhe Pacific Ocean, they are not sufficiently detail;d

to be of value to Park Service personnel, forest products industry
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personnel or North Coastal Commission personnel. These planners zand

resource managers requnre the level of detail and u1t|mately the klnd

7oFA|nformatlon whlch can be extracted from U- 2 photographs whlch range

in scale from 1/120,000 to 1/30,000. (Examples of multidate images of

U~2 and ERTS composites for the Redwood Creek area can be seen ih the
Final ERTS-1 Type 111 Report entitled, An Integrated Study of Earth
Resources in the State of Calsfornla Based on ERTS 1. and Supporting
Aircraft Data, Dec. 15, 1973; Space Sciences Laboratory, University

of California, Berkeley.)

Conclusionsr
"Ahalfsis'of_remote>aehaing:data'(ihc]uoihgiuez phOtography_and

ERTS-1 imagery) of the NorthiCoaét'TeSt Site has been responsive to

‘the’ mapplng “and monltorlng of thfronmentaI parameters which have been
de5|gnated as |mportant by-plahh.rs and resource hanagers in the North
Coast. Without except:on, county planners Forest Servnce and Park
Service personnel,LCoastalicommesioners, and'forestuindustry persohnel_.”
can utilize the information extracted froﬁ'color-infrared aerial photo- |
graphy, acquired at 65,000 feet by the U-2 aircraft, to better plan and
manage their resources, The aerial photos obtained at an original scale
of 1/120,000 provide sufficiently broad coverage to show regional re]a—.
tionships, while the aerial photos obtained at an original scale of l/_
30,000 prouide the detail necessary for mapping, classifying, and detec-
~ting rresources.and resource problems. ‘- The ERTS-lrcomposites while;showing
‘broad regional coverage show only gross resource boundaries and insufficient

detail regarding each resource to be useful in day to day management
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activities. The ERTS composites have been Qsed for gross vegetation
mappihg, fire damage assessment, and for monitoring shqrt term changes
in the harvesting pgttekns of the redwood .region. The most promising
application of Ana}ysis of ERTS fmégery in the North Coast Te%t Site
appears to be for fire damage assessment. The timely information pro-
vided by ERTS imagery can greatly improve the accuracy'ofiassessment‘of
‘burned a;reages‘and‘thg locatioﬁ and éxtent of fire damage Within the
perimeter of the:Fire. The user groups most fnterested in this infor-
mation are those charged with ffre suppression activities within the
state (viz. Calffornia_Divisiqn of Fores;ry,_U.S. Forest Service,aand .
the Bureau of.Land.Ménagement)u | .
4.3 FUTURE PROPOSED WORK

4;3.T- Analysis Within the Feather River Watershgd

L.3.1.1 Vegetation/Terrain Mapping
Futqré remote sensing research within the. Feather River Watershed

region will continue to concentrate on demonstrating the application of

manual and automatic data analysis. Upoh'completion of the. Feather River
regional vegetation/terrain.resource map, a major objective will be to

. compare it with regfonal éround control maps. This will aid in-détermin-
ing the distributional relationships between vegetation-typés and soils,
lithologic geology, elevation, precipitation and other environmental
parameters. This base map will also be suited to aid in the testing‘bf
automatically précessed ERTS-1 data. In addition to the Davis Lake and
Buckleake‘areas which are presently.being intensively7stuaied, sites |

such as ‘the Oroville Reservoir and Lake Almanor sub-regions have been
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selected for future interpretation testfng. Image enhancement techniques

which will be applled to ERTS-1 amagery within the sites mentionedﬁw[{[

. Sl e e

7”;|nclude mﬁltldate enhancements using the dlazochrome process, new photo-
graphic reproduction techn:ques, and/or other optical or electronic
coler~combining procedures.

In addifion, an attempt will be made within the Feather River
Watershed to demonstrate the ”oberaiionaf” utility of ERTS-1 imagery
for mapﬁing (manually) a large regionalbarea. This work is being

designed to show level of accuracy, time requirements and costs associ-

ated with doing the job oeeratfonelly (which will include field
‘checking and map compilation). It should be hoted; however, that the
real value of doing this Operational task is appareﬁt only when accur-
acy, time and cost f:gures can be coﬁpared with S|mllar figures asso-
ciated Wlth prevuously completed prOJeCtS having 51m|lar mapping obJec-l
tives -- such -as the California Comprehens:ve Framework Study which
Robert Weaver from the California.Division of Fofestry he]ped:prepare e
(Mr. Weaver attended our recent workshop held at the FRSL). .
The Automatic image Classification and Data Proceseihg Unit
within the Forestry Remote Sensing Laboratory has :several hardware
and.software projects fhat.are now operatienal and which will be
applied to ERTS-1 imagery taken over the Feather River Wafershed regiqn:
Hardware | | |
color display system
Sof tware

ERTS to local reformation
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intensive test siie data extraction
spectral training data extraction
CALSCAN modification

The color display portion of the FRSLAcomputer facility is also
now operational. Thfs display -allows the storage and viewing in color
of up to 3 banas of digital tape images in‘common register. As an inte-
~gral part of‘the computer system, the display caﬁ handle line drawings;
ERTS-1 images, CALSCAN output images, and scannef ihages. Thé oberator‘
has control of fhe input to eachrof the color guns in the color v
monitor. Thus, he can display simulated ClR iméges,:reél-co\or of
other faise-colorvimagés. | | |

-In order to reduce tﬁe cost of computer prdcessing-ERTS-l data,
_several pre-and post-classificafioﬁ step§ aré.perfofmed on éﬁe‘FRSL
"mini'"" computer. The following steps éan be taken: (1) the original
NDPF tapes are reformatted to lbcél~standa?ds,‘(2)»thé intensive study
areés are,sélected from the bulk tape, (3) spectral training data are
extracted from the jnteﬁsive study sites, and (4) claSsification'rgsﬁlts
are displayed on. the colorldisplay. Further examples of the capabi]f
ities of this computer system will be demonstrated in the Dec. 1973 semi-
annual progress report.

Lastly, a major effort is planned within the Feather River Water-
shed which will relate to the foperational“ uses of combuterized'cla$s~
ification techniques. The emphasis in this planned work will be on
relating it to a well defined "wser requirement' -~-- in this case,_timber

volume estimation. Specifically, an attempt will be made to estimate
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" timber volume for the entire 1.1.million acres within the Plumas

National Forest using (1) CALSCAN output showing commercial coniferous

~.

fo}ééf (possibly dfvfdéd;ihtb tHree ééﬁé;éfelvélﬁme classeé) véréué 7
everything else (i.e., water; bare ground, urban, etc.) and (2) multi-
stage probability sampling for timber volume,'using manual interpreta-
tion results derived from sample aerial photography and a limited amount
of field.data. This planned work not only capitalizes on the integration
of manual and automatic data analysis techniques but also permits cost-
effecti?eness comparisons to be made between this computerized technique
and conventional techniques used by the U.S. Forest Service to estimate

" timber volume.

L.3.1.2 Snow Surveys

A thfold research effoft is pfdposed for thisAnext repoffing_
period with respect to snow surveys within the Feather River Watershed
region. AFirst; work will continue whfch is deéighed to document that
areal estimates of snow cover can be made accurately, quickly and inex-
pensively using ERTS-1 data. Th¢ interpret&tion key and analysis
techniques developed during this last reporting period with the aid of
u-2 photoéraphy will be applied to ERTS-1 imagery taken during the 1972-
73 melt season. Second, an effort will be made to integrate estimates
of snow cover into working stream flow forecasting models. An examble

model is discussed below and was developed by lLeaf and Haeffner.¥*

-~

*Leaf, D. F. and A. D. Haeffner. 1971. A Model for Updating Stream Flow
Forecasts Based on Areal Snow Cover and a Precipitation Index. Presented
at the Western Snow Conference, Billings, Montana, April 20-22, 1971.
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This model is based on an estimate of areal snow cover and a precipi-
tation index. Three types of information are needed in Qrdef to.develop
the forecas; curves, which are used fof predictfng residual Qolume.
These are (1) aerial (or satellité) images téken_during the melt,season;
(2) precipitation data,_ana (3) runoff data for the watershed.in question.
Three steps need to be taken in deQeloping runoff forecast curves.
- The fir;t is to develop a snowpack depletioﬁ-runoff.curve. The relation-
ship between snowpack dep]etién andvrunoff is fairly'constant from year
to year for_any'particulér watershed, and thus, only a few years of
data are needed to devise the curvé‘(see Figure k7). |
By use of the ''observed'" runoff information contained in Figure h;i7(_
a'graph showing .snow ﬁover~dép]etion-as a_function.of.residual flow can
be defived. fhe family of curves shown in Figure 4.18 accounts for
botH'”high” and '""low'" snow years. 'High' and ''low" snowvyears are a‘_
function of the initial amount of snowpack according to Leaf and Haeffner.
Since the terms '"high'' and '"'low' are subjective and.open for
debate as to how much snow they repfesent, fhey must be quanfiffed.
This is done by using a precipitation index. The graph which results
" is shown in Figure 4.13: In order to calculate precipitation indiceg.
the average annua].precipitation for the watershed in question mustvbe
known. Once this is known, index weight factors can be calculated.
‘Index wefght factors are simply the rafio_between'the precipitation for
a specific time period ana the total average annual precipitation. <
By using the equation:

1 =100 [Wi + Wi +Wi +W.i.l]
p mm a a mm o
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Figure 4.17. Snowcover depletion as a function of accumulated runoff,
1971. The curve is based on only one year's data. Accuracy should
improve when it becomes possible to base such a curve on several years'
data. '
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~Figure 4.18. Snow cover depletion as a function of residual flow.

The solid curve is based on valid 1971 data. The possible locations
of additional curves, had data been available, are represented by the
dashed 1ines. ' '
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Figure L4.19. Snow cover precipitation index forecast curves. The .
=so0lid line represents the actual location of the 4O percent curve, -
based on two observations of approximately 40 percent snow cover.
The possible locations of additional snow cover percent curves are

represented by the dashed lines. '
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vihere
lp is the weighted precipitation index

wm is the weight factor for seasonal snow accumulation through

March 30

im is the snow_aﬁcumulation index thréughAMarch 30 (ratio between
observed value for the year in which forecast is being made‘andiaVerage
value) |
W_ is weight factor for April
W_is weight factor for May
W. is weight factér‘far_June

i_is the precipitation for -April

a
im is the precipitation for May
ij is the precipitation for June,

one is able to ca]culaté fhe precipitation inde* and then, with knoQ]edgei
~of snow cover percent, determine the forecasted residuaT'vqume for ‘any .
particular year. Table 4.12 illustrates how a precipitation index is
calculated. .

The precipitation index equation allows fér adjustments as the melt
season gets under way. For:examp]e, the precipitétion inde* calculated
on March 30 can be adjusted to reflect abnormal precipitatiod during the.
month of April by changing the weight factor (wa). Leaf and Haeffngf
have shown that this adjusfment process greatly. increases the acéuracy
of the forecast. 7

The validity of the above forecasting model has been shown, using

large-scale (1:6,000) photographs on small watersheds (<2000 acres).
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TABLE 4.12. EXAMPLE OF PROCEDURE FOLLOWED FOR
DERIVING PRECIPITATION INDICES

Precipitation Summary 1967-72

Peak ‘
Watershed (March 30) April May June Total
Spanish Creek 27.43 : 3.46 .44 1,29 33.62v

© . Index Weight Factors.

Spanish Creek .82 . L0k 03 1.00

Assume for year 1973, precipitation for March 30-= 20.00"

= IOC)E%%?%E (.82) + 1.0(.11) + l.og.ou) + 1.0(.03)J 77 = precipitation ind
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It is anticfpated that the forecasting model can give.accuraté fore-
casts on larger watershed and when using ERTS-1 imagery. Future
resgarch will involve using ERTS~-1 imagery to acquire snow-cover per-
centages in order to construct thé %orecasting curves for the entire
Feather River Watershed.

4.3.2 Analysis Within the Northern Coastal Zone

The Forestry Remote Sensing Laboratory (FRSL)_willicohtfnue to
orient its reseafch towards determining what remote sensiﬁg system is
operationally feasible for use by environmentai planners at the
regional level within the North Céast Test.Site of California.

Increased interaction with planners is scheduled to include the
planning of each county within the tesﬁ areé_as well as bther regional
agencies (e.g.,{ABAG) and State agencies (e.g., California Cdéétal.
Zone Commission)4 lt,fS-hoped that'through these interactions with'
the users, an -adequate roster of planning needs and pfiorities'can
be more or les§ finalized. -In addition, the ﬁqaﬁtification of what
can be provided by the remote sensing tdo] in terms of aﬁcuraciés and
costs is expected to progress significantly. |

Our determination of the amount of information»of certain -types
which can be ihterpreted from ERTS-1 and high altitude bhotography is
Faf from complete. Analysis plans call for additional interpreters to
delineate and classify ERTS-1 imagery from the July 27 pass. This '
procedure will be repeated for .other ERTS-1 passes where .usable (good
~quality) imagery is available. Further emphasis will be given to
‘determining what jnformatioﬁ can be extracted from the black-and-white

MSS bands. It was apparent during this most recent phase of study
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that the mapping on individual bands was inferior to mapping on the

color- composite nmagery but furtner analysis is required to determine

— U = h e R i = = me co = = - = -

Vﬁﬁat”spDC|al|zed mapping tasks can be accompllsﬁed through analysus
of individual olack-and—whxte MSS bands.

During the next reporting period, emphasis will be placed upon
developing techniques for detec;ing features which have undergone
change during the time interval between cloud-freevERTS-l passes.
Attention will be devoted to the recording of all land parameters.Which
can be monitored and wh:ch signify lmportant changes in the environ-
ment. Documentation will also be made of those features Wthh can be
accurately detected delineated, classified, and identified by virtue
of their changing appearaﬁce durung spec;fuc seasons. |

All analysis procedures being applied in the southern intensive
study area will be, or are being, applied in a northern study area
where resource types and land use patterns are signifieaﬁtly.different.
Moreover, a generalized land use map for the entire north coast of
California will be prepared once.cloud-free imagery (ERTS—]) of the
entire test site area is available. The purpose of making this map is
to determine {f the level of informetion mapped over avlefge.reéional
area is of value ot regional planners; Finally,.aﬁtomated interpreta-
tion .techniques will be applied to selected areas within the test site.
Thus, the degree to which classification can be ae..le"e'4 of Emportan;

Jand .use -categories.by means of computer _analysis will be -evaluated~
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Chapter. 5
RIVER MEANDER STUDIES

| Co-investigator: Gerald Schubert
Contributor: Richard E. Lingenfelter
Institute of Geophysics and Planetary Physics, Los Angeles Campus
5.1 INTRODUCTION

~ We are investfgating the possibility that éignificant'informétion
on stream flow rates can be obtained from aerial and satellfte imagery
of river meander patterns by seeking a correlation between the meander
énd discharge spectra éf rivers. Such é correlation cou]d pfovide the-
basis for a'simple and inexpensive technique for remote sensing 6f‘the
water resources of large geographical areas, eliminating the_need for
mﬁch hydrologic recording; The invéstigation of the nature of.the
meander and djscharge'spécfra and their intef—relationﬁhip can also
contribute to a more fundamental understandiﬁg of the broceése§ of
both river meander formation and drainage of large basihs. This paper
is a progress report on this investigation. -

.A large number of correlations between some averageAmeander wave-
length and some chara&teristic discharge have been proposed (see for
example Jefferson, 1902; Inglis, 1949; Leopold and Wolman, 1957; Dury,
1965; Carlston, 1965; Schumm, 1971). These correlations clearly sug-
’gést that there is a relationship between meander wavelength and dis-
charge buf they fail to ag?ee on its quantitative form. We beljéve

that this disagreement may result primarily from the oversimplification
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inherent in using a single meander wavelength and a single discharge

to:characterize the river rather/thaq gs{ngmthg_chp?ete SP?CFT?,Of,,
wavelengths and discharges.

Speight (1965, 1967) appreciated that the entire oscillatory
pattern of a river must be important in characterizing its meandering
and presented power spectra of the auto-correlations éf.the directions
of flow measured at quélly spaced points on the talwegs of several |
Australasian rivers. These meander power spectra showed.structuré
which he interpreted as an indication that several chafacperistic
length scales may be required to quéntitatively describe a meandér
pattern. The idea of using a spectral analyéis of the reach of a fiver
as the basis.of a correlation rather than a subjectivé estimate of an
assumed single length scale is a necessary generalization in describiné
the connection between a river's meander pattern and its discharge.
However, he retained the idea that a single discharge could be corre-
lated with the multiple length scales. Just as there is an essehtial
difficulty in attempting to characterize a meander pattern by a single
length scale, there is a fundamental problem in trying to choose the
dominant discharge, i.e. that discharge most effective in establishing
the system of meanders. We propose that the fﬁfther,generalization of
the correlation to include the time-behavior of the discharge may bring
an order to the relationship between the total meander pattern and the
complete record of "the discharge. -Hopefully this more general correla-
tion will be sufficiently reliable to quantitatively assess a river's

flowrate from a spectrum of its meanders, thus making the knowledge of




a region's water resources accessible from éerial or satellite imagery
of the area. -As.a basis for this study we Have devélopgd a fully auto-
mated-system for obtaining-both the discharge and meander wavelength
spectra. Discharge spectra (probability of discharge per unit discharge
Vs, discharge) are constfucted from historical records of daily stream
discharge. Generation of meander power- spectra involvés ;hreeAelements:
digitization by photoelectric optical tfacking of stream banks on each
frame of photographic or television imagery; collation and métching of
successive frames into a_sing]e data record for each st?éam; and a Fourier
transform analysis of_the data. This system has been‘develéped3to fac-
ilitate the ahaiYSis of the large number of'riyers required to assuré
fhebstatistical reliability of the correlation.

Rivers have been selected on the basis of avéilability of both
historical hydrologic data and aerial or s;tellfte imagery,'and on the
absence of obvious geologic control of the river meander pattern. The
statistical reliability'of‘any correlation between the meander spectrum
and the discharge freqpency.distribution depends upon the study of a
large number of rivers whose discharées cover as great a rénge és pos-
sible. We have obtaine& aerial photographs (both infrared and panchro-
matic) of rivers from the Agricultural Stabilizétion'and Conservation
Service of the U.S. Department of Agriculture, Departﬁent of Water |
Resources of the California State Resources Agency, thé Topographical
Division of the U.S. Geological Survey, and the Cartographic and Audio-
visual Records Division of the ﬁational'Archivés and Records Service.

infrared satellite imagery from ERTS-1 has been provided by the NASA
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Data Processing Facilfty at Goddard Space Flight Center. Hiétoricél
streamflow data in machine readable format have been obtained from the
Water Resources Division of f;é'UTST Department of the Interior. /
From the imagery of 5 selected river reach, we determine the
positions of the curve with respect to a cartesian coordinate system.
This description of the river's course is transformed to a (e,s)
representation, where 6 measures the angle that fhe curve makes wjth a
reference direction as a function of distance travelled along the curve
s. The (6,s) description is preferred since the meander pattern of a
river may be represented by a multivalued function of position in a
cartesian representation. The meander power spectrum which we calculate f
is the power spectral density of 6(s). |
5.2 WORK PERFO&MED DURING THE PERIOD.LOVERED BY THIS REPORT

5.2.1 Analysis Techniques

5.2.1.1 Digitization

The digitization of river meander patterns from aerial and satellite
imagery is most accurately and economically accomplished through photo-v
electric optical scanning. We have developed a program for digitizing
river meanders, using commercially available machines employing this.
technique. An important condition on the digitization procedure is that
data points be located at equal increments of distance along the meander
curve. This condition follows from the fact that local meander di;ection,
8, is.a function of distance along the:meander and the algorithm.used

for constructing the power spectrum requires'that we know this quantity

"at equal increments of distance.



The essence of the digitization ﬁrocedure is as-follows (see
also Figure 5.1). The in}tial point on the meander pattern is found
by scanning along a horizontal or vertical line and measuring the
optical density profile along the scan (Vine AB in Figure 5.1). The
river bank, i.e;, the point digitized, is defined as the location of
the point pf max imum gradieni in the dénsity profile (point l).- The
second point is determined by an iterative process starfing with a
scan (line CD)}parallel to the initial scan but displaced by a distance,
s, from point 1. The first estiméte of this pofnt (2') is determined
in the same manner as above. The distance between points 1 and 2' is
then calculétéd.gnd if it is not equal to the required épacing, s, plus.
or minus -some sma]]'A, another scan (line SF) is 6ade aiong a line per-
pendicular to.thét line cohnecting pointg 1 and 2' at a disténce s
from point 1; Foint 2" is then determined along this scan. If the
distance ‘between it .and point 1 is still not within s*A, the iterative
* process is repeated until convergence is obtainéd. Once'point 2 is
located, the search for point 3 begins.along a scan line (GH) perpen-
dicular to the Ijne cqnnecting pointsll and 2 at a distance s frém point
2. In this manner the machine proceedé along the meander curve digit-
izing points at equal distance increments along the curve;

As is generally the éase, the imagery of the river consists of a
number of overlapping frames, thus this digitization;procedure i; repeated
for each frame. The data for adjacent frames must then be matched to
give a continuous digitized record of the meander pattern. Because of

the large overlap between frames (roughly one-third of the data on the
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Figure:5.1. Digitization procedure for determining the-position of a
-river at equally spaced -points along its course.
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end of each frame overlaps Qith the data on the beginning of the next
frame) the data sets can be. uniquely matched for congruéncy_in the
overlap région. We have developed a computer program which finds the
appropriate coordinate transformation, i.e., includes both translation
and rotation of one frame with respect to the other. " This is accom-
plished by considering'a length of river half‘£he length of the overlap
region on one frame and effectively sliding this'portion of the dataA‘
along the overlap portion of the adjacent frame, finding that transfor-
mation within the overlap region which minfmi;es the sum of the squares
of the distances between matched points. Once the appropriate coordin:
ate transfqrmation is determined all of tHe'data‘boints on.the'second
frame are transformed to ﬁhé.coordinate system of the fifst frame.
The process is then repeéted to match successive frames_until théA
entire record is transformed into a single coordinate system.‘

5.2.1.2 River Meander Power Spectra

The digitization and matching procedures described above produce
a set of dafa points (x,y coordinates) which are equally spécea aléng
the course of the river. A power spectral analysis of the river cannot
be made directly from the x versus y data since tﬁe river may double
back upon itself making x a double valued function of y. An equivalent
rebresentation of the river, which is single valued and thus amenable
to power spectral analysis is its locai'direction 6; as a function of
the distance, s, along the river's course. The power spectral.density.

3

(deg2 10° foot) for the direction 6 is computed using standard tech-

niques for determining the auto-correlation function, smoothing, and
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taking the Fourier transform (e.g., J.S. Bendat and A.G. Piersol, 1966).

5.2.1.3 Discharge Spectra

The discharge spectrum or frequency aistriSution of a river is the
probability per unit discharge that its discharge, or flow rate, Q lies
within the interval AQ at Q. The integral of this'distribution over
discharge is the flow duration curve commonly used in-hydrologic studies
(see, for example, Chow, 1964). From an historical discharge record of
length T, the frequency distrfbﬁtion which we ca]cu]ate'is %u %&-wﬁere
At is the portion of the time the discﬁarge lies withfn AQ at Q.

5.2.2 Data

5.2.2.1 Discharge Spectra

From historical records of daily river discharge; wé have constructed
the frequency distributions from the fractidn of time the dischargellies
within a prescribed interval per unit interval. A remarkable property
of mos t of'these discharge frequency distributions is their nearly lin-
ear character on log-log plots for values of dfscharge'larger than the
mode (Schubeft and Lingenfelter, 1973). Séveral'examples of'this are"
shown in Figure 5.2. The dai}y dischérge data .on which each distribu-
tion wa; based extends over.the indicated tihe interval for the partié-
ular gauging station identified by number actording to the convention
adopted by the U.S.C.S. (1964). The slopes of the linear portions of
these distributions vary from riQer to river and even from station to
.$tationzon ‘the<same river over the range ‘from less than -1 to--5. 'Flow
duration curves have previously been interpreted as representing a

random process described, for example, by a log-normal distribution
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Figure 5.2. Log-log representations of discharge frequency distributions
(probability per unit discharge that discharge Q lies within AQ at Q) for
a number of rivers identified by name and U.S.G.S. gauging station number
based on daily discharge data over the period noted. The straight lines
with slopes indicated represent best fits to the linear parts of the dis-
tributions. - 5-9 ' .
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(Chow, 1964; Leopold et al., 1964). Our results, however, show that
such an interpretation is not\fppropriate forla large number of river53
since it is inconsistent with the clearly linear character of ghe log-
log frequency distribution plots. Instead, we suggest that the distri-
“bution for discharges greater than the mode must be essentially deter-
ministic in nature, reflecting the decay phase of the flood hydrograpﬁ.
We have not found: any previous'suggestion of a dfrect relationshib
between the form of the flow duration curve and the flood hYdrégréph.

If s is the slope of the log-log frequency distribution, then

dt . S : : _
d—Q‘Q (1)

Integrating equation (1) we find
__]__ .
Q =t : — (2)
Since the obéerved'values of s lie between about -1.5 and -5bthe
exponent ;{T-would range from about -2.0 to -0.25. We suggest that
equation (2) represents the decay phase of the flood hydrograph, where
t is measdred from a time tO near the flood peak. The time to_can‘be

uniquely determined from any two discharge measurements Ql , Q2 at

times t] , t2 during the flood recession by
. +] ! .
LET-UET e
t. =4t | =— -t/ = -1 . 3
0 2 QZ b Q, A
“The inverse power lawdependence.-of the discharge on time, which we
find here, differs from the superposition of several exponential decay

curves, which have previously been used (Chow, 1964) to empirically
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fit the flood recession.

To test our suggestion that' the linear nature of many of the log-
-lqg frequency disiributioqs represents the recession portion of the
>>flood hydrograph, we have compared the time dependence of the discharge
predicted by equations (2) and (3) with the measured decay of discharge
following individual floqd'peaks on the Qarious rjvers-studied. We
find that the predicted deéay at each station does indeed describe the
measured diécharge following all fiood peaks at that station. A typical
example of the agreement between- predicted and measured flood recession
is shown in Figure 5.3 for the Sacrameﬁto Rivér hear.Rea Bluff, Calif-
ornia, in 1936. ~As can be seen,-the curves of the theoretical F]ood‘
decay are an excellent fit to the data_ppints whi¢h indicate the meas-
ured values of the daily diécharge. The theoreticél curveé‘are based

on a value of s equal to -2.6 (see Figure 5.2) and values of t. equal

0
to 16 January, 22 February and 4 April for the respeétive floods shown
in Figure 5.3. At this station on the Sacramento River floods decay

according to the rule t_o"625

, which allows the recession to be deter-
mined for as long as a month following the flood peak.- From the hydro-
~graph of Figure 5.3 it gan be seen thatvthe deterministic flood decay
extends down to discharges of about IOA c;f.s; at this station. Below
this discharge level the flow rate variations éppear to be stochastit
in nature. This also is consistent with the fact thét the linear
refafionship in the log-log frequency dist}ibution (Figure 5.2) ceases

at discharges below about th c.f.s. at this station. Below this dis-

‘charge level the flow rate variations appear to be stochastic in nature.
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“Figure 5.3. Typical daily discharge data (circles) showing the recessions
of three floods on the Sacramento River near Red Bluff in 1936. The theo-
1/(s+1)

retical curves of the form t are based on the s = -2.6 power law
dependence of the discharge frequency distribution on discharge at this
station shown in Figure 5.2. The good agreement between the theoretical
curves and data shows that the flood recessions follow an inverse power
law dependence on time which in turn is reflected in the power law depend-
ence of the discharge frequency distribution.
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This also is consistent with the fact that the linear relationship in
the log-log frequency distribution (Figure 5.2) ceases at discharges
below about 10“ c.f.s.-at this station.

Even mofe cbmp]ex discharge spectra, such as those in Figure 5.4,
‘still reflect a power law dependence of the flood recession in their
linear>cHaracter at the highestﬂflow rates. The floods ét these two
stations on the OtterAand South Fourche La Fave Rivers do indeed decay

h25 and t_z-dependences, as reflected by the slopes of

according to t
-1.8 and -1.5 on the respective discharge spectra. The aifference
getweén the spectra shown fn.Figure 5.4 and those of Figufe 5.2 can Bé.
.easfly understood in terms of a discharge spéctrum that is the sum of
two components: a gaussian'distributioh reflecting the low stochastic
Tevel of flows and a linear disfribution reflecting the power law time
dependenée of the flood recession. Thus on tﬁé Ottér River, the-linéar
dependénce.of the discharge spectrum‘does not extend down to the modal
flow rate because the flow is at the stochastic level a relatively_larée
fraction of the time, dominating the spectrum even at flow‘rates some-
what above the mode. Oh‘the South Fourche La Fave River on-the other
hand, fhe stochastic level is at a lower discharge and the recession of
one’flood is generally truncated by the oﬁset of another flood before
the stochastic level is reqched-with the result that the linear char-
acter of tHe discharge spectrum is broken well above the stochastic
mode. The relative importance of the stochastic and flood components

may reflect differences in the relative contribution of runoff and’

ground water to the overall stream flow.
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Thus we see that apparently 6n mostvriverg, floods decay with én
‘inverse power law depéndencé on time. The exponent of this dependence
varies from riverAfo rivér and also from station to station along the
same river. Examples of the latter variation cah‘be seen in Figure 5.5
whfch shows discharge spectra at twq gauging stations on each of ;hree
rivers. For the Red River, the slope decreases from -1.7 at the upstream
station to -1.4 at the downstream one, for the Homochitto River the |
slope fs approximately the same at both statiohs-and for the Pine River
the slope increases from -3.0 at the upstream station'to ;4.1 at the
downstream oﬁe. We see from these examples fhat there is no general
trend in the variation of the slopé of the discharge spectrum with
position along a river.

Despite the compiex'interaction of theAlafge number of factors
‘which undoubtedly affect the flow at any po}nt on a stream, the result-
ant time_depeﬁdence for most rivers can thus Be described by a,single
parameter, which can be uniquely determined from Iong—tgrm records of
the discharge. We note that an inverse power law dependence of the
flow rate on time is chéracteristic of diffusive proéesses, suggesting
a direction for future hydrologic modeling of the flood recession.

Our primary‘purpﬁse in this study, however, is to seek a correla-
tion between‘disﬁharge spéctra and river meander powér spectra. To do
this we intend to first consider rivers whose discharge spectra are
sharply peaked such that only a narrow range ofidischarge can be effect-
-ive in proddcing the meaﬁder pattern. Examples of such discharge func-

tions can be seen in Figure 5.6. If we can find a correlation for these
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relatively simple discharge'sﬁectra, then, using the principle of

superposition, for example, we may be able to extend the correlation -

to rivers with broader and more complex discharge-spectra.

5.2.2.2 Meander Spectra

-Using the techniques and imagery already discussed, we have begun
constructing meander power spectra of the local river direction as a
function of distancé'alpng its course. These spectra are plots of

3 3

power spectral density (deg2 10” feet) versus wave.number (per 107
feet). The range of wave number is limited at the high end (short
wavelength) by the interval between data péints and at the low end
(Tong waveiength) by the length of the reach Fourier analyzéd and the
number of degrees of freedom. . The maximum wave number is given by .the
Nyquist criterion to be N/ZQ where N is the number of data poiﬁts and
% is the length of the reach. The minimum wave number at which sﬁec-'
tra].information is obtained ES‘N/Zlm‘Where mAis the number of spéctral
estimates, or alternatively n/b2 where n = 2N/m is the number of déérees
of freedom, a measure of the uncertainty in the power spectral density.
Mést of the meander spectra wHich we have constructed so %ar'afe
rather simple, broad spectra having significant power over a wave num-
ber range of more than a decade. Several examples of these spectra are
shown in Figure 5.7, together with scaled traces of tﬁe meander patterns
which have been spectrally analyzed. The error bar on eacg spectrum
‘indicates the 80 percent confidence interval for  the“power spectrél den-
sity determined from the number of degrees of freedom.(Blackman and

Tukey, 1958). The length of the reach %, the number of data points,
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N, and the number of spectral estimates m, are also indicated. Only
~that portion of each spgc;rumrshqyiggﬁpower significantly above the

3

noise level of around 10‘ deg2 10- feet haS'bgen plotted.

At intermediate wave numbe;s each of these spectra have an
apparent power-law dependence of thé spectral density on wave'number
as shown by the dashed-line prellmlnary fit to the spectral estlmates
The exponent of the power law is given by the tndlcated slope which is
probably accurate to within 220 pgrcent. At lower wave numbers the
spectrum flattens, suggesting a broad peak at a power density two to
three orders of magnifude above the noise level. The wave numbé}s at
which the power law dependence breaks to flatter &ependence'onvthe
Ontonagon, Homochitto and White‘rivers correspond:- to ane lengths of
5 x 103, ]0[4 and 2.5 x ]03 feet, respectively, and feflect recogniz-
able scales in the meander patterns of each river reach shown in the
figure. At high wave numbers the power law dependence is truncated at
the relatively constant level of the noise which extends up to the
Nyquist limit on the wave number. Though there are small scale fluc-
tuations about the general spectral structure outlined above, they ére

not significant within even the 80 percent confidence interval.

. Some streams, however, do show more complex structure as can be

seen in Figure 5.8. Clearly the off-set structure shown in‘the spectrum
of the Manistee River is significant within the 80 percent confidence

interval. There is alsora suggestion of similar-structure in}the"spectr
of the Bad and Bois Brule rivers, though not at the same level of con-

fidence.
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Thus the spectra which we have investigated so far can be deséribed
by one or more linear power~¥awksegments of differing slppeg andrmggn§f
tude which break at characteristic wave numbers.

We have investigated the stationarity of meander power spectra
by constructing spectra for a series of subreaches of the Manistee River
to study the variation of its spectrum along the course of thé stream.
Figure 5.9 shows spectra for four consecutive subreaches, eacH of lengfh
7.3 x loh feef at the downstream end of the larger reach of the Manistee
River shown in Figure 5,8. The subreaches may bé recognized in the
larger reach of the Manistee River by the traces of their meander pat-.
terns. As can be seen in Figure 5.9, the spectra of the four subreaches
are quite similar; the slopes and magnitudes of the power-law segment§
of the spectra and the wave numbers of breaks in the spectra atYIO-]
and 5 x IO-] ére the same in all four spectfa'to well within the 80
percent confidence interval. Thus these characteriétic featureé of the
power spectrum of the Manistee River are stationary over a length of at
least 60 miles along its coufse. We have also constructed the power
spectrum of a 7.3 x 104 feet Subreach of the Manistee River located
beyond the upstream end of the feach shown in Figure 5.8. This spectrum
has only a single power-law dependent segment, bfeaking at a wave num-
ber of 1 and differing significantly from those shown in Figure.5.9.
This difference is not surprising, however, in view of the fact that
‘the ‘median discharge in-this upper subreach also.differs by -a factor
of 5 from that in the lower subreaches.

In comparing our meander power spectra with those of earlier
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investigators (Speight, 1965, 1967;‘Toebes and Chéng 1967) we note
first that they used linear\s?alesatg plot the power spectral density
éstimétes; Thus they did not observe the power law segments of mean-
der spectra identified in this paper.. Speight (1965, 1967) appears
to have placed an unwarranted credence in the physical significance of
a great many ''spectral peaks', nearly all of which we‘would classify
as fandom fluétuations on the power law portions of the spectra. In
fact none of Speight's ''peaks' were resolvable on the basis_of the
number of degrees of freedom which he used in his spectral analysis,
but he attributed significance to them on the basis of soﬁe station-
arity over the reach. On the othef haﬁd, Toebes and CHéng (1967) have
gone to the opposite extreme in suggesting that meander spectfa are
inherently nonstationary, reflecting onfy a randomneés in the meander
patterns. Neither of these investigators analyzed a large enough
number of meander power spectra to justify their respective views.
Based on the rivers which we have studied so far (examples of
which have been presented here ) we believe that there is significant
structure in a meander power spectrum, namely the slopes and mangitudes
of the power law segments'and the wave numbers at which breéks iﬁ
these segments occur. It is these characteristic pérameters o? fhe mean—
der épectra which we will attempt to correlate with sudh‘characteristics
of the discharge spectra as the modal discharge and the exponent.of the
‘flood receésion. “Before this-can be attempted, however, we must First
‘generate a significantly large number of corresponding meander and dis-

charge spectra on.which to base a correlation.
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5.3 FUTURE PROPOSED WORK

We plan to continue this basic sfudy of river meander patterns
and discharges and will aftempt to correlaté the discharge spectrum-of
a river with the river meander power spectrum determined from aerial
and satejlite imagery. Though we have not yet studied a large enougH
~number of rivers to attempt a correlation between the discharge and
meander spectra we have'discoveréd some significant chéracteristics of
both spectfé;. Discharge frequency‘spgctra based on long term-records_
of daily stream-flow are found to have an inverse power-law'dépendence
on.discharge. This is shown to reflect thé short term decay éfvindi- :
vidual floods which are found to'ﬁave an inverse power law dependence
on time. Méander power ﬁpectra for a number of river reaches, digitized
from aerial pho;ography, also shbw significant structure, the powerA
spectral density having an inverse power-law depeﬁdence on wave number B
over one or more portions of the séettrum_with breaks in the spectrum
at cHaracteristic wave numbers. Now.thaf space phbtog?aphy is becoming
available we anticipate being able to Qse these same teéhniques for
very large'rivers suth as the Mississippi and the Amazon having dis-
.charge rates in the:order of several thousand cubic feet per second.
Consequently, we will be able to apply our correlated‘analyéis over a
far more‘meaningfu] range of stream discharge rates and associated
meander power. spectra as we bring this work to a definitive conclusion.
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Chapter 6 -
ASSESSMENT OF RESOURCES IN THE CENTRAL REGIONAL TEST SITE

Co-investigatér: John E. Estes _
Contributors: Leslie W. Senger, Randolph R. Thaman,
Steven Kraus, Kris Bjorklund, Dal Cottrell,
Don Brunelle, Betsy Palmer, Rick Hoffman
Geography Remote Sgnsing Unit, Santa Barbara Campus
6.1 'INTRO_DUCTlON
The Geography Remote Sénsing Unit (GRSU) on the Sahta Barbaré
- campus is responsible for the Centraf Regional Test Site (see Figure
6.1). Although séme.of the studies beiné cohduéted and'repofted on
here are area-specific, they“ére designed to héve broad.regional
fmplications. The research focus of GRSU is an investigation of
" remote sensing applications that contribufe to an understanding 6f
processes and phenomena of resource significéﬁce in‘ihisftest areé.
Information ig currently being extracted ffom'MiSsion 164 and
ERTS-simulation high flight imagery reiatiyé to: (i) popﬁlation esti-
mation; (2) the amount and distribution of éultivated lahd,in:Kern |
County, California; (3);construction»of a'vegetaqion'map of the West
i o
Side of the San Joaquin Valley;_(h) development of a standardized
multi-functional aata base for the Central Coastal Zone of the Sfate
of California; and, (5) an analysis of land use change in the Goleta
Valley, Santa Barbara County, California.

The Central Regional Test Site is primarily composed of ten central

California counties, with integrated study overlap areas along the coastal
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Figure 6.1.

Central Regional Test Site, California.
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zone to the north and south (Figure 6.1). The study site basically
extends from Monterey to Ventura Counties, north and south respectively,
and from the coast on the west to the‘crést'of the Sierra Nevada Moun-.
tains in the east. Areas of intégrated intercampus overlap extend to
San Francisco in the northern coastal zone and Santa Monica in the
south. It is within this broad regional context that the studies repor-
ted on here have been carriéd out. The following section§ of this
report are provided to indicate the specific nature of these studies

and progress which has been méde in conducting them.

6.1 WORK PERFORMED DURING THE PERIOD COVERED BY THiIS REPORT

6.1.1 Population Estimation

Every ten years, the U.S. Bureau of Census carries out a massive,
expensive, and time-consuming analysis of the population of the United
States. While the results of tHe census are statistically accurate and |
useful in the period }mmediately following the collection‘of the data,
they can obviously becomé outdated and inaccurate owing to the lag time
before the census data ére published; the ten year interval between
censuses, and the rapid;érowth characteristics of mahy urban areas.
Those aware of fhis te%dency towards statistical‘obsolescence.in the
real world of dynamic population grpwth have voiced the néed for an
interim method of updéting census information. Hence, the general
purpose of this study is to develop an accurate and inexpensive mefhod
to estimate inter-censal population change in urban areas. -

Before the present study was initiated, a thorough search of the

professional literature on population estimation was undertaken. The
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results of this search were disappointing owing to the small quantity
of material discovered and the general lack of accuracy exhibited by
the existing methods. Nevertgélésg;isévéraﬁ ﬁapers provided valuable
background for the present!study and serve as standarJS'by which a
developed methodology can be compared.

The remainder of this section concerns a general-description of
the present study including discussion of a #roposéd methodology for
populafion estimation and tﬁe results obtained from applying this
method to four urban areas. Also included is a preliminary evaluation
of this method based on the result;hObtained thus far from its applica-
tion. | |
6.1.1.1 Methodology

It was decided that the primary data source for this study of popu-
lation estimation would be aerial photographic imagery. This decision
was based upon three factors: (1) the relatively low cost of aerial
photographic imagery compared to conventional census-taking methods;
(2) the eése of obtaining such imagery from‘governmental or private .
| sources; and (3) the advantages associated with the synoptic view inher-
ent in aerial photographic imagery. It was also decided that.a method
for population estimation should be equally applicable to urban areas'
of all sizes and of differing cultural-environmental settings. Therefore,
twenty cities in central and southern California were chosen for wﬁich
NASA high flight imagery was available, and which represented-a wide -
range of sizes and cultural/environmental situations. The twenty cities

are listed in Table 6.1 according to six size categories.
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TABLE 6.1.

City

SIZE CATEGORY 1:

Fresno .

Santa Barbara Area:
Santa Barbara (70,
Goleta (50,000 est
Montecito (8,000 e

.Over 125

SIZE CATEGORY 2:
Oxnard Area:
Oxnard (71,225)
Port Hueneme (14,2
Concord
Monterey

75,000-1

Area:

Seaside (35,935)
Monterey (26,302)
Pacific Grove (13,
Carmel-by-Sea (4,5

Del Rey Oaks (1,82
SIZE CATEGORY 3: 30,000-7
Bakersfield .
Salinas
Ventura

Thousand Qaks
Santa Maria -
SIZE CATEGORY 4: 10,000-3
San Luis Obispo
Visalia
Camarillo-
Santa Paula
Tulare

Hanford

!

SIZE CATEGORY 5: Under 10
Paso Robles

Morro Bay

Carpinteria

Coalinga

*1970 Census

/

POPULATION ESTIMATION STUDY CITIES

County Pop.*
,000 ,
Fresno 165,990
Santa Barbara 128,215+ (est.)
215) . ’ -
.)
st.)
25,000
Ventura 85,520+
95)
Contra Costa 85,423
Monterey 82,090+
505) :
25)
3)
5,000
Kern 69,515
Monterey 58,896
Ventura 57,964
Ventura 35,873
Santa Barbara 32,749
0,000
San Luis Obispo 28,036
Tulare : 27,482
Ventura 19,219
Ventura 18,000
Tulare 16,235
Kings 15,179
,000
San Luis Obispo 7,168
San Luis Obispo 7,109
Santa Barbara 6,982
Fresno 6,161
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The preliminaryvmethodblogy,~which was devised for estimating the
population size of the twenty cities, consists of a simple function
relating the measured irea of three dominant residential land use £ypes
and the characteristic spatial population densities associated with
each. The measured area of residential land use types can be obtained
from aerial photography at any time in the inter-censal period. Char-
acteristic population densities for each résidential fand use type can
be extracted from the most recent U.S. Census. The areal data -from
aerial photography aré then combined with the characteristic spatial
population densities to yield an estimated population for the area
under’ study. | |

For the present study, the following aerial’photographic imagery
was used:

1. NASA high flight 70mm black-and-white panchromatic (red énd
greenAbands) photography, flown April 4, 1971.

2. NASA high flight 9 x 9 inches, color Infrared photography,
approximate scales 1:120,000 and 1:60,000, flown April k,A197].

This imagery was considered optimal because it was flown Iess'than 1
year from the time that census data were collected for each study city.

Each of the twenty cities will be mappeq from optically enlarged

70mm black-and-white imagery according to the following land use system:

R] - Single family residence,

Rm - Multi-family residence, : -
Tp - Trailer park residence,

C - All commercial or industrial uses.
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‘The 9 x 9 inch color infrared imaggry will be used primarily to supple-
ment basic land use interpretation from‘the 70mm imagery. Ground truth
will be used to'check the accuracy ofiinterpretation in twelvé selected
cities. The areé devoted to éaﬁh mapped ]and use will be measurea for
each city with a compensating Polar Planimeter. Thus, each urban unit
would be represented acco?ding to the area devoted to each of the mapped
land uses.

In Qrder to 6b£ain chéracteristic spatial population densities for
the three‘residential land use typés, ]970-U.S. Census Block Data will
be used. Random sahplés of spatial population dénsit? will be taken |
from éreas devoted to each land use in the study cities. :The spatial
.population density figures obtained from the random sampiinngill be
-averaged to obtain characferistic population densities-for each resi-
dential land use type. |

Once the area of eaéh land use .type is measuréd and the,character-
istic spatial popglation density of each‘land use. type calculéted,.the
poéulation'of an urban area will be computed accordiﬁg to the following

simple function:

where P = total estimated. population; ‘A = Areas devoted to.

A A

b ’

R] Rm RTP
R]’ DRm’ DRTP = characteristic spatial popula-
tion densities associated with each land use type.

each land use type; and D

6.1.1.2 Analysis of Four Cities

For this report, four cities have been chosen to illustrate the

preceding methodology. The four.cities represent a medium range of

o
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population size and are located in relatively diverse cultural/environ-

mental settings. An early decision was made to include the entire con-
~

77tféﬁousﬁﬂébéﬂkiéayé?eg,fﬁbthVincd;gbggfédxagd;dﬁfnéorpéréiéa:iés:ég>:'tz
urban unit rather than aftempting to delimit city boundéries (which
often change rapidly in time). Therefore, the population figures listed
for the four cities (see Table 6.2) represent the population of the
incorporated city plus the population of the 5uurodnding urbanized érea.

Figure 6.2 is an example of a city, Sa\iﬁas, as mappéd.according

to the four land use categories from the 70mm black-and-white imagery.

Few problems were encountered in the interpretation/mapping process

and supporting ground truth field work indicated that the~land use maps
were generally quite acéurate. An exception Was that small, isolated
apartment units, and older homes which have been converted to apartments,
tended to be,underesti@ated and classified with single famfly fesidence
(R]). Table 6.3 shows the measured area in square Rilometers of .each
land use catégory for each of the four study cities.

In order torcalcu]ate the characteri;tic spatial popuiation den-
sities for each of the residential landAuse types, random subsamples of
spatial population densities were taken from each residential land use
category for the four study cities. The results of the random subsam-
pling process were averaged for each resfdential land use category in
each city yielding the characteristic spatial popdlafion densitiés |
listed in Table 6.3. | , | B

The measured area for each residential land use category was then

combined with its corresponding characteristic spatial population density
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TABLE 6.2. ' UﬁBAN ‘AREA PORULAT!ON FOR FOUR STUDY CITIES™*
Information Category Incorporated Unit Urban Unit
Population Population
Fresno 165,990 259,028
Bakersfield 69,515 180,263
Santa Barbara 70,215 126,580
Salinas. 58,896 - 58,896

*1970 Census
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TABLE 6.3. -

URBAN .LAND USE AMD POPULATION DENSITY

Urban Land Use Data

X Fresno Bakersfield Santa Barbara Salinas
Information
Category Measured| Spatial Measured{Spatial Measured| Spatial Measured{Spatial
Areg Population|Area Population|Area Population{Area Population
(Km™) Density (Km2) Density (Km2) Density (Km2) Density
(Pegple/ (Pegple/ (People/ (People/
S Kkmé) | Km?) Km2§ Km2§
Single-family
Residence : /
(R]) 74.490 2,550 53.701 2,924 33,561 | 3,511 12,687 3,502
Multi-family
Residence : o
(Rm) 4.777 8,173 1.034 8,535 3.085 |7,327 .766 (12,344
Trailer
Parks : . .
(Tp) .974 6,449 .679 16,449 .365 |6,449 152 6,449
Commercial :
(C) 9.685 0 19.946 0 15.985 0 5.897 0




Figure' 6.2. Salinas Urban Land Use Map.
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for each of the four cities according to the previousiy described math-
ematical function. The resulting estimated population was then compared
with the 1970 pépulation of each urban unitAand the percent error cal-
culated (see Table 6.4). | |

6.1.1.3 Evaluation

Based on the experience gained in the prelimihary test of tﬁe pro-
posed method of population_estimation, it appears that a generally'app]i-<
cable mefhod for estimatiﬁg urban population can be developed. The percent
error fdund in the fourAinitiaj test cities ranged from 12.8 percent to
5.57 percent, figures much smaller than those obfained by other researchers
such as Holz, et al  (1969) andOWellar (1969).

The percent error encountered in this initial test of tﬁe-proposed
methodology can probably be reduced through re-examinatioﬁ of the aerial
photography in order to }e-map the cities at a larger scale. This would
allow smaller features such as isolated apartments to be more accuratély
identified and measured. Also, the four category land use system should
be expanded to inclﬁde the wide range of single family residential lot
sizes encountered within any single urban unit. This last modification
of the proposed methodolog? would greatly increase the accuracy of the
estimated population in an urban unit such as Santa Barbara which has
an especially wide range of residential lot sizes (ranging up to Severai'
acres/home) within the urban area.

It is anticipated that, with the completion of the larger study“
of fwenty California cities and possible minor modifiéations of the

proposed methodology, an accurate and inexpensive method of estimating

-



TABLE 6.4. POPULATION ESTIMATION DATA
.Population Data
| Information
Category Fresno Bakersfield | Santa Barbara | Salinas
Estimated .
Population 235,270 170,226 142,789 54,866
Actual _ _
Population 259,028 180,263 126,580 58,896
Percent Error 9.17% 5.57% 12.80% 6.84%
(-) (-) (+)




_inter-censal urban population using conventional aerial photography and
U.S. Census data will be developed.

6.1.2 Kern County Cultivated Land Study

6.1.2.1 Objective

Thé principal objeétive of ‘this study was to détermine the utility
of small scale aerial‘photography for differentiatiné cultivated cropland
"and non-cultivated cropland in Kern County. A determination of thé amount
of cultivated land, in an area where irrigation is important, is needed
to ascertain potential for expansion of cultivated aéreage, assess Eequire-
ments for irrigatfon water, and to assist general planning.of the water
Fesources of‘an areé.

6.1.2.2 Procedure and Analysis

Thé area under investigation was Kern County, California, an area
that is heavily dependent on irrigation water for agriculture. With the
recent. acquisition of water from the California StateYWater Project, this
~area will undoubtedly experience eXpansidh of cultivated land. Hence,
it ig vital that planners have ready access to data relafing to the amount
of land undef irrigation,;poorly drained land, etc.

Thé photograﬁhy usea in this study was NASA color infrared, 70mm
high altitude photography (approximate séale, 1:600,000), imaged in 1971.

The first step was to interpret and record, on an acetate overlay,
the cultivated and non-cultivated afeas in the County. Cultivated lénd
included all land presently under culti?ation, cleared pasture land,
ploughed land, and land in a bare soil condition. Non-cultivated lan;

included forests and woodland, urban, and extractive activities.
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Interpretation was carried out visually with the aid of a 8x magnifier.

In many instances, interpretation results were checked with NASA 1:120,000

~.

~high- flight photography. -

in the course of mapping, variatiéns were noted in some agricul-
tural areas between very poorly drained land and land under irrigation;
the former was eventually classified non-agrieulturalﬂ

The interpretation data were mapped (see.ngure 6.3) and cultivated
areas measured,1us}ng a planimeter. The reéultantAfigure of 753,369 acres
was comparéd with a Kern County 1969 Crop Survey figure of 7&6,104-acres
of irrigated land, a‘net difference of 7,265 acres. Selected areas (nodal
points) were measured and compared by the Kern County Water Agency. The ;
results obtained indicated tﬁat there was an overallierrbr of 3.2 percent
in the data extfacted from the high flight photography;ll
6.1.2.3 Conclusion

From -the results of this study, it can be:conciuded that'highbflight
“aerial photography is a feasible data source for'the determination of
cultivated and non-cultivated land. |t appears, from the Crop Survey fig-
ures for certain selecfed areas, that some.poorly drained_land had been
included under cultivated land. However, if a 197] Crop Survey of the
area was available, it would be possiblé to determine where and why the
photo interpreter and tﬁe Crop Survey figures,aiffer. The capability to
accurately perform this type of inventory on a,yeariy basis would be of

great importance to planning and management decisions regarding the_use

of an area_'s water resources.




KERN COUNTY

Sourte - TOmm NASA High Hight Photogeaphy

Figure 6.3. Kern County Agricultural- (Cultivated Land) Land Use Map.
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6.1.3 West Side Vegetation

™ ) e e st Temomaam mow S R e S

6.1.3.1 lIntroduction

‘;Aﬁvéééta;fsﬁﬂmép;of thg we$£ Sia; has been completed using.1:120,000
scale color infrared photography in conjunction with intensive ground
reconnaissance and sampling surveys. In addition to the map, descriptions
of each vegetation type have been prepared and an effort was made to
determine the Epropeén land use history with an eye to explaining some
of the present day patterns.
6.1.3.2 Methods

The color infrafed iﬁagery used for mappiﬁg purposes indicatgd very
complicated vegetation patterns. Thevcultivated areas .were easily diétin-
guished owing to théir distinctive ﬁolor and geometry. Riparian and flood
plain vegetation wefg similarly conspicuous. However, spectral résponses
from the alluvial plains and the ]owlands showed considerable in;ernaj |
variation, and, consequently, it was not possible to differentiate them
without reference to ground truth. Using ground truth data, the vegeta-
tion from these zones could then be separated with relative eaée. More-
over; many patterns on the photographs did not indicate significant dif-
ferences in the pl#nt cover, whereés ground reconnaissance ‘revealed
communities on both the alluvial féns and within the bottom lands Which
could not be distjngui;ﬁed on the photographs were probabiy due to the
close physiognomic and taxonomic relationship of the dominant shrub
species in the different communities, and their felatively‘sparse cover.

The annual community, which covers a much greater proportion of the

ground, and is dominated by the same species through large areas, can




often be ideﬁtifiedAon the>photogréphy. Where this cover is significantly
less, in thevlowland areas, it is clbse}y correlated with saline and alk-
aline soils and a distinct perennial flora. The characteristic spectral
response of these areas is probably attributable to thg greater exposure
of bare soil and its distinctive visuél characteristics; On alluvial
fans, where annual cover approaches IOOIperéent, it is not possible to
predict with much accuracy areas where the shrub canopy is present or
absent. The floodplain vegetation, dominated_by mesquite (but also with
cottonwood, willow and occasionally gycamore) is réadily differentiated
‘and may be mapped qyite accurately;

Color infrared photography at the scale of 1:120,000 was found to
be the most satisfactory imagery available. No finer distinct}ons could
be made using larger scales (e.g.,'l:60,000), while true cqlor imagery,
.on the whole, displayed a lesser degree of distinction betwéen.the,vege-
tation communities. It is believed that fhe same degree of accuracy, as
achieved using 1:120,000 scalé, might be as_eaéily»attained with sti]l
smaller scales. |

Once the major vegetatidn4boundaries had been mépped from photo-
graphy and ground reconna%ssance, data were collected to describe the
nature of the communities in more detail than presently available.. As
a lérge area had to be-covefed, a rapid.sampling‘method‘was essential.
Reconnaissance indicafed-that there was very little variation in the
vegetation type as distance from the road network increased. Accordingly,
it was decided that the road nétwork, which is laid out according to

section boundaries or other survey lines, rather than topography, would
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make satisfactory transect lines. Location of samples was determined by

constructing random lines over the road network and fixing all points

" where intersections acéurred between roads a;aﬂ;;n;;}ﬁégééw{}nés: At

these points samples were taken consistent]y at a distance of 100 meters

from the road sides. The sample transect consisted Qf a line of 40

meters in which species'occurrence was noted in each square meter. Gen-

eral descriptions were élso gathered for each site, and estimates of

percent cover Were made. However, as field work was done during the sum-

mer months after an exceptibnally dry season, the degree of deterioration »

of the annual ground cover was such that a religb}e indication of the

extent of the cerr‘fof'the previous wintef could not be made. Conéequentlf,'
the ''"Winter Annuals' community is not included on the resultant.map (see

Figure 6.4).

6.1.3.3 Vegetation Types

Desert Saltbush

The desert saltbush (Atriplex polycarpa) is the most widespread

shrub species on the gfazing land of the West Side. ltioccurs on the -
alluvial fans, dissected uplands, and the raised sections of the bottom-
fands aloné the axis of the valley. |Its ability to tolerate saline and
alkaline conditions is indicated by its occasionaiApresence on the low-
land soils. Only on the better-drained locat}ons does it become the
dominant shrub, covering extensive tfacts with very few associated shrub
species. Typically the community has an almost compliete ground cover of
annuals, of which filaree (Erodium sp.) and brome grass (Bromus sp.)

are the dominant species (as indicated in Table 6.6).
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Key to Tables 6.5 and 6.7 Throughv6.ll

Tables 6.5 and 6.7 through-6.11 show the frequency distribution of
dominant flora within the particular vegetation community for forty meter
sample transects. The numbers along the left margin of the tables indi-
cate the sample transect. The numbers (1-40) along the top of the tables
jndicate the specific one square meter blocks which were sampled along
the entire length of the transect. For example, Table 6.5 shows the fre-

quency distribution of dominants (perennials) in the Desert Saltbush

Community. The degree of dominance of Atriplex polycarpa is evidenced

by the high'frequency of occurrence of the letter b in the table. The
absence of letters in some squares indicates the‘abéence of shrubby vege-
tation within that saﬁple unit, and tends to emphagize the open nature
of the community.

Key to Letter Symbols in Tables 6.5 and 6.7 Through 6.11

a Suaeda fruiticosa

b Atriplex polycarpa

¢ Atriplex spinifera

d Frankenia grandifolia

e Allenrolfea occidentalis

f Distichlis spicata

g Sporobulus airoides

h Haplopappus sp. : : .-

i Salsola kali

k Atriplex sp.

1 Gutierrezia bracteata

m Artemisia californica

b-22



£€z-9

Sample No.

TABLE 6.5. DESERT 'S‘ALTBUSH COMMUN I TY

Meters -
1234567891011 12713141516 17 18 19 20 21 22 23 24 25 26 27 28 29
bbbb b b b b bb - b
| bb . b b
bbbbbbb b b bbb b bob bb11 bbobob
c | c : cC C b b
b bbb b b b
m b b b b
b b
| b b
bbbbbbbbb b b bbb bbb b b bbb b
bbbbb - - b
- o | .
b b i

bb b b b b

30 31 32 33 34 35 36
bbbbbb b

b bbb b b b

37 38 39 40
b b b b



/
f
\

. . L '
-TABLE 6.6. GROUND COVER PLANTS IN TWO VEGETATION TYPES

~

“Desert Saltbush

“Winter Annuals

7 811 14 18 25 27 28 29 :
X X X X X X X X X

13 15 17 26 30
X X X X X

Sample No.
Bromus
Erodium
Cryptantha
Lepidium
Amsinkia
Haplopappus |
Setaria X X
Compositae 1 |

~ Compositae 2 XX
Plantago 1 =

Gramineae 1. : X X
Gilia '

Leguminosae X X
Gramineae 2 '
Plantago 2 ' X © X X X .
Hordeum X

Orthocarpus _— X

Gramineae 3 '

X X X X X X X X X X X

X X X X —

X X X X W

X X X X &

xX X X >< [§,]

X X X X O
>

X
X
X

X X X X X

2
X
X
X
X 4
X X X X . X
X

X X X X X X

Gramineae 4
Phacelia
Brassica

xX > X X
bl

Gramineae 5
Euphorbia
Gramineae 6
‘Barassica
Taraxacum X X
Compositae 3
Compositae 4
Eschscholzia
Lupinus
Trifolium
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TABLE 6.7. WINTER ANNUALS COMMUNITY

Meters |
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Sample No.

TABLE 6.8. SAGEBRUSH COMMUN I TY

Meters
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SampTle No.

TABLE 6.9. SPINY SALTBUSH

Meters
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TABLE 6.10. LOWLAND TYPES COMMUNITY
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Sample No.
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TABLE 6.11. MESQUITE COMMUNITY

Meters
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The degree of dominance of. desert saltbush is indicated in Table

6.4, which also reveals that there is a great variety in density.

~.

. Values

~ - = ws = = =

yvéfmeéseﬁééJ{ﬁ éééﬁlsqpare ﬁeié;rbf the ho'meter transect vary from 0 to
32, though in most transectsnless than 25 percent of the sub-units con-
tained a shrub (indicating the open nature of the community). A

Piemeisel and Lawson (l937> mapped this community, and concluded'
it was more éxténsive in pre-european times, having been reduced in areal
extent by cultivation, clearing in the oil fields, and grazing activitfes.
The aridity of the West Side south of Coalinga haé prevented dry farming,
although irrigated cropland which is‘of recent qrigin, is preseﬁtly at
its éreatest areal extent. Destruction of this SHrub cqmmunity, by crop
cultfvation followed by abandonment, doés not apply to the area‘under
éonsideration.. However, the clearing of shrubs in oil fields to rédu&e
fire risk has undoubted]y occurred. Early photograpﬁs,of oil fields
show bare soil. Where_siteg could be identified and revisited tédéy,
desert saltbush has_been able to satisfactorily reestablish, forming com-
munities which are indistinguishable from those'not'subjected.to clearfﬁg.
This species shows a degree of weediness, as itvséems to:invadé disturbed'
areas such as construction.sites and-roadsides where .competition is
reduced and runoff might be increased. Ranchers ére well awére of the
regenerative powers of desert saltbush in we¥ years on land that has been
burned or overgrazed. |

Field experiments concerned with saltbush reéeneratfon have. been
conducted on the Temblor Range Experiment Station over a period of years.

From these experiménts, some important ecological relationships were
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demonstrated. Strips of range were disced to reproduce_conditions of
cultivation, and pruned>with a cotton harves;er, to approximate grazing.
The frequency and vigor of plants before aﬁd after treatment were compared.
Results suggeSted that cultivatioﬁ-may actually lead to an increase in

the shrubs, presumably by removing_competition. Pruning on the other
hand led to a detefioration in the perennigl shrubs, suggesting that
grazing might in tﬁié case lead to the reducfion of the shrub‘coﬁmunity
to the advantage of the_uhderstory of thé»annual grasses and herbs.

Since the lést recordedumapping of this community, in 1935, further:
contfactions inlits exteht have occﬁrred. Th¢>preseﬁt bbuﬁdary ﬁetween
‘this vegetatfon type and that of Winter Annqals, south of Ketfleman City,‘
is marked by areas where 60'bercent of the shrubs appeér.té Ee dead or
dyiﬁg. This'suggests that still further retfeat may be occurring,'étim-
ulated perhaps by two consecutive.dry_years. The present distributioﬁ
of desert saltbush is confined to the alluvial fans, which are mosf |
affected by the rain shadow of thé Temblor Ranges, or onvdissected anti-
clinal ridges, where shalloQ soils and fapid run off serve to redﬁcé
rainfall effectiveness. Only here does_ this déep rooted perennial seem
to have competitive advantage ‘over the aggressive, but shallow-rootéd
anngal grasses and herbs.

Winter Annuals

The community composed of only annual plants shows little struc-
tural or floristic difference from that of the understory of the Desert
Saltbush vegetation type (see Table 6.7). Although consideration of the

annual flora is not within the scope of this study, a brief survey
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‘indicates little floristic difference between the two communities.

Table 6.7 shows that the most ubiquitous annuals, filaree and brome,

7 WéFé feéo}a;drfﬁréVé}y:s;lee (in both é;mmunitiés) and in fact ﬁrob-
- ably make up 90 percent of tﬁe biomass of the plant community. No
commonly occurring plants are res;ricted to one or the other of the
types.

Both filaree and brome are intronced species (Munz, 1968) which
appeared very early in the period of European occupation. Fremont, fof

example, noted the presence of filaree (Erodium cicutarium) in the Central

Valley in 1844 (Fremont,-l945). In more moist regions it is believed
‘that annuals suﬁh as these replaced natiVe perennials. It is inikély
that perenﬁial grasses Were an important component of the flora of the

- southern West Side, as they would‘not be able to withstand the arid con-
ditiqns, The pre-European flora, then, was presumably compoged‘of the
native grasses which are now of only minor importénce among the under;

story plants.

Russian Thistle (Salsola kali) is worthy of ghecjal méntion because
it can become a serious weed, aﬁd can also édopt a perennial habit. its
frequent occurence in the Winter Annual areas, ahd fts rarity in regions
" where other shrubs are present, may be a significant ré]ationship, Eeflec-
ting the pioneer nature of the species and éts ihability to compete with
other pereﬁnia! plants, -

Annual.grasslands, as -presently constituted, .are.a post-European
phenomenon. However; since 1935, their extent has'increased at the expense

of the saltbush communities. This is thought to be a result of grazing

6-32



pressure leading to the destruction of the perennial shrubs in the
moister regions where grazing.pressure is strongest and where the xero-
phytic charactefistics of the saltbush epecies have least competitive
value.

Sagebrush -

This shrub community is similar in structure to others Within the
study area in that: (1) it is dominated by a single perennial plant,

the California sagebrush (Artemisia californica); and, (2) it has an

' undefstory of annual plants composed of the same species with similar
relative abundances as do oﬁher alluvial fan communities. Fef thie
'reason,'the sagebrush type can not be differentiated at all on the avail-
able photegraphyf |

| Many historical aec0unts ef the Central Valiey mention the 'Sage-
brush.' However, 'this prebebly reflects the prectice of'applying‘this
common neme toiany grey—green, low shrub, rather than indicatfﬁg a wide-
spread replacement of Artemisia by other shrubby species over tﬁe western
rangelands. Earlier surveys noted the occasional presence of sagebrush.
on the West Side, but noWhereAQas it noted as a dominant shrub. Hence
the present extenﬁlof'th%s vegetatfqn type on the alluvial fansAof the
. Tehachapi Mountains may represent a recent spread of the species. On
the other hand, it mey represent an oversight or have been conéidered to
have occupied an area too small to be mapped.

if the Sagebrush community is a recent invasion, experience else-

‘where suggests it may be a result of management practices (Robertson and

‘Kennedy, 1954). Because sagebrush is a poor browse, preferential
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grazing by cattle tends to increase the abundance of Artemisia. The

present boundary between Sagebrush and Desert Saltbush types .(as dis-

~ o il e

cernible on the ground) Ts a remarkably abrupt one, though it does not
correspond to a fence line or any other obvious cultural division.

Spiney Saltbush

This community is one of the most restricted on the West Side. It

is dominated by Atriplex spinifera forming a very low and incomplete shrub

canopy. Much of the land once occupied by this species is now under
cultivation; heﬁce, it is difficult to determine. the origina].areal extent
from.the_fragments of the Qistributiénvwhich remain. It is pfobable
that the community occupied.a zone at fhe base of the alluvial.fans between"
the.Desert Saltbush of the highef slopes and the Lowland Tyées of the flat
bottomland. Soils in this area héve some problems associated with poor
drainage and high salinity. Other perennial pfants bccaéionally found
in this community are'thqse with salt tolerance. -Thé Qnderstqu of
annual plants appears to be adversely affected by the propertiés of the
soil; hence, much land is bare, wfth some evidence o% salf'scalds.

~The 1935.vegetation map iﬁdicates that the community'wa; previods]y
more extensive than today, eveh on land which is still uncultivated.
This explanation may lie partly in the difficulty of defining the commun-
ity in precisely the same way as Piemeisel and Lawson,_since they offered
only a descriptive account of the fype. Howgver, in 1935.a large seétion
‘'of the southern Kettleman‘Hills was recorded as -dominated by ‘this.vegeta-
tion type. Today, only a tiny pocket of shrub vegetatién exists, which

is in poor condition and apparently disappearing. The majority of the
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area is presently covered by.pn]y winter annuals. Grazing pressure is
a possible explanation of the retreat of this species. However, the
species is considered a poor-browse as it is spiney and, unlike desert
saltbush, does not produce new growth during summer when rangé plants
are in poor condition. |

Lowland Types

This community is by far the most diverse in species content of
perennials and annual Qround cover. The considerable exposure of the
soil and its strongly'saline character are thoughf'to bé_largely fespon-
sible for our beiﬁg ablevto Eecogniie this comhunity on the photography.

Seep-weed (Suaeda) is thé most common shrgb, and is only absent
in low lying sectfons, which héve‘conspicuous'soil}salfnity prob]ems; or
in the lake beds, where b;casional high.wéter levels inhibit fhe growth
of pereﬁnia] plants. Allenrolfea fqrms densé»stéhds with no ground cover
at all iﬁ some poorly‘draiﬁed locations. |In Tulare Lake bed, which is
now'lérgel? under intensive cotton cultivation or casual barley cropping
“for hay, saltgrass (Distichlis) and,Frénkenia.appear,as weeds in the
bariey fields, and will pfedominéte when water is not available to flood
irrigate the hay érop. .J

The Lowland Types are little.grazed, since the shrubs are unpala-
table and the annual ground cover is relativeiy sparse. In the past,
the overflow lands such as these were -among the most valuable pastures
in the lower San Joaquin Valley. But, with the controlling of the

waters of the Kern and Kings Rivers and the diversion of water for

irrigation on the eastern side of the valley, the bottomlands which
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are nof cultivated are the leastfproducfive in the area.

Mesquite

’:‘This"éommhhity;céyérs‘fhé\é1lu3i§l:féﬁ”d?'fhé Kern River. “Near the

stream channels, willow, cot%onwood, and occasionally sycamore are pres-
ent, but only mesquite'ﬁovers extensive areas of the delta. The mesquite
develops a go-ca]led running form, where the branches ﬁpread laterally,
producing a roughly circulaf,thicket perhaps ls meters in diameter and
5 meters high. Individual trees rarely touch, and owing.to their greater
vertical height than the sparse, low surrounding shrub vegetation, they
are most conspicuous on the pﬁotography. The understory is essentially"
the same as the Lowland Type, whefe seep-weed is tHe‘dominant.. In thg
immediate vicinity qf the dréinage channels, weedy species aré-cohmon in
the sandy alluvium of the»braided stream course. |

The extent of the community has not prgViousTy been delineated,
though it is the most eésily distinguished'frbm either ground or air.
This may be a result of the increase in area under mesquite over ihe
last 30 years.' The species is not widely recognized as an“ihtrodbceé
plant (Munz, 1968; Jepson, 1936; Twissleman, 1967). ‘gpanish miséion-.

aries commonly made mention of the cottonwood and willow in the Kern

River areai(Cook, 1958), but made no mention of mesquite, today the most
common tree. The early Amefican explorers record the same picturé. The
earliest mention of mesquite in the San Joaquin Valley is a referencé in
a newspaper a;tiqle written in 1877.and quoted in Tracy (1962). The
earliest botanica] collection appears to be one made by Burtt Davey'in

1896 (no. 1756), suggesting the species had invaded the valley at least
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by the late ninefeehth'century. The dispersal of mesquite over exten-
sive areas of the Southwest is considered to be at least in part the
result of grazing practices. It is hard to imagine that mesqulte could
not disperse naturally from the Mojave in pre-European timés. Presuma-
bly grazing practices,rendered the area suitable for establishment of
séed]fngs.

In recent years the declining water table, Eesulting from increased
pumping for irrigation, hasvcaused deteriofation of the floodplain_Vege-
tation.. As early as the 1850'5, early American explorers noted extensive
areas of dying cottdnwodds, probébly:owing to some natural readjustment
of drainage and underground water.supplies. ‘With additional wéter from
the California Aqueduct, it isrexpected that the water table will be
stabilized at a levei higher thén’present.. The effect of this may lead
to further spfead of mesquite, at present cqntroiled by the dry conditions.

6.1.3.4 'Referénces to West Side Vegetation

Cook, S.F. (1958), ''Colonial Expeditions to the interior of California,'-
"Anthropological Records 16:239-292.

Fremont, J.C. (1845), '"Report of the Exploring Expedition to the Rocky
Mountains in the Year 1942 and to Oregon and California in the Year
1843-44," 28th Congress, 2nd Session, Senate Documents 11:174.

I : : _

Jepson, W.L. (1936), A Flora of California, Vol. 2, Part 3, Assoc. Student

Store Univ. of California, Berkeley. ' :

Munz, P.A. and D.D. Keck (1968), A California Flora, University of Calif-
ornia Press, Berkeley and Los Angeles. :

Piemeisel, R.L. and F.R. Lawson (1937), ""Types of Vegetation in the San
Joaquun Valley of California and their Relation to the Beet Leaf-
hopper,'' U.S. Department Agric. Tech. Bull. 557.

Robertson, J.H. and P.B. Kennedy (1954), '"Half Century Changes on Northern
Nevada Ranges," Journalrof Range Management, 7:117-121.
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Tracy, F.C. and G.L. Rodgers (1962), The Tracy Saga, Cardon House, Kern
Co., California.

Twisslemann, E.C.-(1967); "A Flora of Kern County, California,' Wasmann
Journal of Biology, 25:1-295. : '

6.1.4 Coastal Zone lInvestigation

As part of the thréé campus (Berkeley, Riverside, Santa Barbara)
integrated study of the California Coastal Zone, the Geography Remote
Seﬁsing Unit is résponsible for the portion of this area extending from
Santa Monica in the south to Monterey in the north (sece Figure 6.5).

The objective of the overall study is the development of a standardized,
multi~-functional data base for the entire coastal zone. Eléments of the
data base will include parameters such és land usé, landforms, natural
vegetation, hydrologic features, etc. A data base of this nature_wiil
prove invaluable for resource inventories, anticipation of future urban
pressure and movement, service needs, optimum open space e]eménts, plan4
ning.hazards (i.e., areas of possible flooding and fire), and general
planning and manégement fequirements.

The inVestigagion is being conducted in two phases. The first
phase involves the development of classification systems for categorizing
‘characteristic parameters in the Coastal Zone. The second phase concerns
mapping and testing the classification systems for intensive areas within
the Coastal Zone. As a result of Phase i1, a sefies of maps will be pro-

duced for the enitre Coastal Zone that will inciude those parameters

~

needed for a sui:table data base.

The first phase has been completed through the coqrdinated efforts

of the three campuses. Significant parameters have been identified for
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which data need to be coilected.- These' include: land use, landforms,
natural vegetation, and hydrology. Working classification schemes fbr
mapping “these paramters Fave been deveioped and form the basis for Phase
| testing; These systems h;ve been designed to meet three criteria:
(1) the categories should be appropriate for collecting data within. the
Coastal Zone; (2) categories should be compatible with the capabilities
of remote sensors to pro&ide data and require minimal use of gupplemental
information sour;es; and (3) classification structuré§ should bé hieraf—
chal (proceeding from very general to very specific informatiopqcategories)
to reflect and accomodate changes fn data provision capabilities owing
to the use of varying sensor platforms.

TQo intensive areas are Eeihg iﬁvestigated by GRSU to test the
various.proposed classification systems (see Figure 6.5). Thé first area
(lower test site) extends from the dxnard Plain in the‘sodth to Gaviota
in the north. The second areé (upper tést site) extends frdh thé Santa
Maria River in the south to San Simeon in the rorth. The inlénd width
of both areas.fs épproximate]y 24 to 32 ki}ometers.' Mapping is being
accompliished from 1:120,000 scale color infrared high flight:imagery.
Direct overlays are béing used to extract data. Figure 6.6 is -an example
of a detailed urban land use map for the city of San Luis Obi;po. Figures
6.6 through 6.10 are land use, vegetation, landform, and draiﬁage data
base maps whiéh have afready been completed for the ubper test sitg in
“the:Coastal Zone (see Tables .6.12 through 6.1k ‘for vexplanation of .symbols).
These pilot maps have been shown to planners in Santa Barbara, San Luis

Obispo, and Ventura counties. The reaction of the planners to these maps
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TABLE 6.12  LAND USE CLASSIFICATION
KEY:
General Category ex. A (Agriculture)
Type within Category ex. t (tree crops)
Specific Type ex. c (citrus)
Total Code: Atc
" Note that the more specific notation depends upon ability to identify
and additional types and specific types can be added to the system as
they are encountered.
CODE
Agriculture _ A
Crops : A ' Aé
Grain Crops. N ' | _Acg (type)
Horticulture - . Ach (type)
Row Crops : Acr (type)
‘Tree Crops o .A S Act (type)
Livestock | ' ' ‘ A1
"Stock farming.(beef) : : Alsb
Stock farming (sheep) _ Alss
Stock farming tdairy) Alsd
Rangeland | f ' C Ar
Pasture (improvedi Arpi
Pasture (unimproved) | Arpu
Extractive E
Seawater ﬁineral'recovery' Es (type)
Petroleum production fields - Ep (type)
Mining Operations
Public Facilities
Governmental—administrative
Governmental-military
Cemeteries o=k




;
(
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TABLE 6.12 (Continued)

CODE
' “Protection- Police § Fire T E;f—Etype
Hospitals ' | Gh
Prisons Gp
Waste disposal (solid & 1iq_1_1'1d) Gd (type)
Education _ Ge (type)
Parks § Recreation = | P
Campground .' _ Pc
Golf Course ‘ Pg
Park | : Pp
Stadium | ‘ o Ps'
Marinas _ Pm
Resort ‘ : Pr
Industrial | - | 1
Primary Conversion ' A o Ip
Steel mill : Ips
Ship building | | Ipb
Saw mills (or pulp) ‘ | Ipw
Assembly “Ia
Auto Taa
Electronic _ Iae
Food Processing . If
Canneries~fish Ifc
 Canneries-fruit | Iff
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TABLE 6.12 (Continued)
CODE
Storage _ _ : Is
Port warehousing | Isp
Rail wafehousing Ist
Transportation | T _
Airports Ta (type)
Highways Th (type)
Railroads & Yards o Tr (typg)
Canals | | : Tc (type)'
Docks Td
Commercial C
Clustered Cc (type)
Strip | Cs (type)
Residential R
Single family R
Multi-family | | ' | - Rm (type)
Non Developed N
Natural Vegetation ) Nv (type)
Idle Land Ni (type).
Barren Land Nb (type)
Water Bodies | - Nw (type)
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“TABLE 6.13. NATURAL VEGETATION CLASSIFICATION

Plant Commumnity ~ - Cod
Aquatic
A. Marine (Aquatic) M
1. Nearshore (Kelp and seaweed) Mn
2. Intertidal Mi
~B. Freshwater (Aquatic) Fw
C. Marsh Ma
1. Salt Marsh Masm
2, Freshwater Marsh } Mafm
Terrrestrial '
A. Barren Ba
B. Strand Sr .
C. Grassland G
1. CoastallPrairie Gep
2. Valley Grassland | - - Gvg
3. Meadows . ' | o : Gme
D. Woodland-Savanna | | o Ws
E. Scrub ' : S
1. North Coast Shrub ' Snc
2. Coastal Sagebrush (soft chaparral) ' : Scs
3. Cut-over Forest ‘Scf
4. Chaparral (hard chaparral) - N ‘ Sc
5. Scrub-Hardwood ' o Shw
F. Forest o 4_ -~ F
1. Hardwood ~ Fhw
2. Mixed Evergreen _ " Fme
3. Coniferous . Co
-a. -Redwood ' | | Corw
b. North Coast ConC
c. Douglas Fir ' Codf
d. Pine Cypress : A CopC
G. Riparian v ‘ - R
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TABLE 6.14. LANDFORM CLASSIFICATION

I. Fluvial
A. River and stream valley
1. meander _
2. oxbow lake
3. meander scar
4. terrace
5. channel bar
6. point bar
7. delta bar
8. .channel filling
9. natural levee
10.  crevasses
11. distributaries, passes, or mouths
B. Deltas |
1. esturine
2. arcurate :
3. ' digitate (birdsfoot)
C. Other ‘
| T. alluvial fan
2. alluvial cone
3. bajada
4, playa :
5. alkali flat
6. salinas
7. washes (wadis)
IT. Eolian
A. Dunes
1. " sand shadows
2. barchan or crescent
3. longitudinal or seif

B. Sand sheets
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TABLE 6.14. (Continued)

{
\

~

C. Whole backs
D. Deflation basins
E. Caves or arches ~
7III. Waves and Curéehté |
' A. Terraces :
B. Tidal zone
Beach
bays
inlet
sea arch
stdck
bar
spit
foreland
C. - Offshore zone

W N O O AW Ny -

1. tombolo
2. stack
3. bar
4, spit
5. foreland
6. island
IV. Complex and Compound
A. Mountain
B. Hill
1. monadnock
2. inselberg

3. other
C. Ridge
1. cuesta

2. hogback
3. homoclinal
4

other
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TABLE 6.14. (Continued)

D. P]ain 4
1. lacustrine
- 2. outwash

3. other

E. Water‘body
1. .lake
2. lagoon
3. estuary
4, tidal marsh
5. tidal flat
6. other

V. Other
A. Karst

sinkhole
uvala
karst plain

1

2

3

4. bland valley
5. karst vallet
6. rise pits

7. “hums

“Atolls and reefs
Meteorite craters

. Carolina bays

Man made forms
QOther

- m g o W
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San Lluis Obispo: Urban Land Use

Arpu

Figure 6.6. ‘Drban Land Uéé Map of.San Luis Obisbo County
scale 1:120,000.

based on NASA color infrared photogréphy,



" Figure 6.7.' General Land Use Map of San Luis Obispo County based on NASA color infrared photography,
scale 1:120,000. ‘ : : - :
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County based.on NASA color infrared photographjg scale

Figure 6.8. Vegetation Map of San Luis Obispo
1:120,000. ' S :
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Figure 6.9,
1:120,000.

Landform Map of San Luis Obispo County based on NASA color infrared photography, scale
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Figure 6.10. Drainag
1:120,000.

e Map of San Luis Obisbo County based on NASA color infrared photogréphy;fscale



was extremeiy favorable for several reasons: (1) the level of detail in
thé classificatipn systems was compatible with p]énnﬁng needs; (2) qual-
itative estimates of accuracy were within acceptable limits (5 perceﬁt
© error); and (3) current information of this nature is unavailable to the
counties, and is needéd'for-environmenta] analysis in the planning pfo-
cess. |t was also indicated that the California Coastal Zdne Commission
would need information of this type to plan for future deyelopment-in

the politically sensitive California Coastal Zone.

6.1.5 Goleta Valley Land Use Change

As an example of the possible applications of a Coastal Zone data
base, a study of land use change in the Goleta Valley is beiné cénducted._
It illustrates the significance of a data base which is perioditaliy
updated to reflect the effects of change processes. Land and its'usage
are subject to change és a result of the actipns of various natural and
cultural processes. The geélogic proéesses are slowest, nearly'impercep-
tible; the biolégic processes are faster, but less effettivé in changing
fand and the uses of the land. Cultural processeS'afe rapid, and can
- cause large scalé changeg in the landscape. The impact of decisions
affecting the use of land is not only confined t§ the specific area of
change,-but also has long-term regional effects. The land changes, and
the region reflects the change in terms of economics, aesthetics, aqd
productivity.

The present study is a look at the Goleta Valley area between San
Roque Creek, on the East, and Dos Pueblos Creek, on the West. For the

years 1961 and 1967, large scale aerial_photos.were combined to form




)
(
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photb-mosaics. For 1971, much smaller scale photographs were used. Land
use categories were mapped on a transparent mylar sheet covering the photos.
The objectives for ¢onétru¢ting\1he maps included: (1) determining the
acreages in each major categéry of land use; (25 documenting significant
changes in.land use over the time periods involved; and, (3) inferring,
if possible, the significance of land use changes to the Goleta Valley
area. |

Table 6.15 lists the total acreage of each major category of land
use found in the Goleta Valley for the years 1961, 1967, and.197l. The
total amount of agricultural acreage dropped by one-third in the 10 years
between 1961 and 1971. Total row crop acreage actually rose, héwever.
This sjtuation may be explained if one considers that land which is
"under pressure'' from urban expansion does not warrant the ithstment
necessary to start an orchard. Row crop production is more ﬁrofitablé
in the short run, and alléws the land owner to return a érop profit and
sell the land at any time without substaptjal loss.. It is land'not pre-
viously used for agriculture which has accounted for the increase in row
crop acreage. Tree crop areas have gone directly into residential and
commercial use, as have some row crop acreages and a large’number-of
formerly idle lands. In the 10 yeaf period, total residential acreage
has doubled and commercial-industrial acreage has tripled.

Figure 6.11 illustrates land use conditions in the Goleta Val]éy
during 1961. Figure 6.12 shows the location and nature of specific _land
use category change from 1961 - 67, while Figure 6.13 shows the same type

of information for the time period between 1367 and 1971. These areas




TABLE 6.15'. GOLETA VALLEY LAND USE AS DERIVED THROUGH AERIAL PHOTO INTERPRETATION

. A Area in Square Kilometers
Land Use Category 1961 1967 1971 Net
' : Change

Pasture (arpu + Arpi) - | 9.349 5.018 .054 | - 9.295
Row Crops (Acr)v A | | 4.040 3.777 | 3.222 - .818
Or;hard Crops (Acé) ‘ S _' 20.439 | 14.736-- 1]{065 4.9;374
Other Cropland D | La0a 252 | - .20 | - .200
Single Fami]y ﬁesidentia] (Rs) 12.227. . 22.472 23.186 +10.959
Mu]ti-Fami]y-Residentia] (Rm) , 739 | 1.268 2.403 + 1.664 |
Commercial and Industrié] (C+Cc+1) 1.424 2.332 | 4.176 | +,2'572
Total Pasture 9.349 | 5.018 .054 - 9.295
Total Crbp]and ; 24.883 18.765 14.491vv -10.392
Total Residential _ T 12.966 23.740 | 25.589 +12.623
Total Commercial and Industrial 1.424 2.332 4.176 4 2.572

6-55



\
Key to Figures 6.11 Through 6.13

Symbol -~ Land U;E Category

a Water bodies

b Natural veéetation

c : Agriculture - Improved pasture
d Idle land

e " Agriculture - Row crops

f ' Agriculture - Orchard crops

g Extractive - Petroleum |

h | Public - Parks and Recreation

i ‘ ~ Residential - Single family

j Residential - Multi-family |
k . Public facilities - wéste disposal
1 Transportation - Airport

m ' _ Transportation - Rai1road

n ' Public facilities - Education

0 Public facilities - Hospital

p Industrial

q Commercial - Clustered

r Commercial

S Public facilities - Prison

t Agri;u]turé] - Unimproved.pasture
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Goleta leley Land Use 1961

| Figure.6.11. 1961 Goleta Valley Land Use based in part on an interpretation of NASA color infrared
photography,'scale 1:120,000. '
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Goleta Valley Land Use Change 1961/ 1967

A
-\
TR

¥
»

W b‘ A, _ .' b/c { - 7 r “ b, X @
ey i bt h
e N 7 éé&@ ,'>;;a.n

b
“
7
e \e

L,

Vg r q
: VARLD
49 (IR f
I Iy '/' . P ife f d, 'I
dy v % ( if : =
: ¢ » 0 ] &% Al 4] :V. -
o d. i4
b o % W\a 4 S i acd NG
% 4 % A °l . < ! “b
f i n, 1) djd) - 0
€ (] 17 %] 0, ; 5/
i 7] 7 % % . A i %) “
0 . . ’ I
9/: d’c T ./( 4 h o R d/A q f . ; i “ i @
b e ~ i A ey 4 » by, ,
A e Y d, Prl i d @ 43
%4, yb [V pir % ) %
9 i b p/b b, & ’
] () ; q f \/
% A ‘A‘IIIIT s g
n, 7 i
s, b in %,

Scale in miles °

i
T

1

Figure 6.12. 1961/1967 Goleta Valley Land Use Change based in part on an interpretation of NASA color
infrared photography, scale 1:120,000. . ‘




Goleta V'Val.ley Land Use Change 1967 /7 1971
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Figure 6.13. 1967/1971 Coleta Valley Land Use Change based in part on an interpretation of NASA
color infrared photography scale 1:120,000. :
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of change were then measured to determine quantitative estimates of the
specific character and degree of\change which had taken place within the
Géleta Valléy. The ré;ujts ;rerd}spiaQe; ?H Tableré.;6;rthese-figu;éé W
indicate the amount of land thch underwent a land use category change,
and the total amount of land in a specjfic category at a given point in
time.

The data in Table 6.16 reveal significant charaé£eristics pf land
use change in the Goleta Valley. Cultivated cropland (orchard and row
crops) steadily declined in area. The majority of land was converted to
either single family reSidencés, mu]ti-family'fesideﬁces, or commercial

areas. There was some conversion of orchard into row crops and vice

versa, while minor amounts of land reverted to pasturage. - Pasture land
(unimproved and improved) was reduced to almost negligible area by 1971;
the majority of tHis land was converted into cultivated cr&pland. Single
family residential land usage increased dramatically, although sizeable :
areas were transformed into multi-family residential and commercial
usages. Multi-family resfdential use almosf doubled every five vyears,
with very little éonversion‘to other uses. Commerciaj land followed a
pattern similar to that of multi-family residential land use. -

The Goleta Valley is clearly'experiencihg a dynamic process of urban-
ization. The area is changing from a rura]/urban land use mix to a situ-
ation where urban land use forms are beginning to dominate the Tandscape.

“Agricultural lands (cropland and pésture) are consistently being converted

to residential and commercial land uses. More importantly, the trend

exhibits a pattern of progressive change. The pattern is generally
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TABLE 6.16.

Unimproved Pasture (ARPU)

GOLETA VALLEY

Category* | 1961 1967 1971
ARPU** 1.427 1.849 0
Arpi -- --
Acr .080 --
Act -~ --
Rs -- --
Rm - -
C -- --
Other 1.321 1.849
Row Crops (ACR)
Category* | 1961 1967 1971
ACR** 4,040 3 777 3.222
Arpu -
Arpi 608. --
Act .397 | .476
Rs .265 .582
Rm -~ .026
C. .291 .237
Other
Single Family Residential (RS)
Category*| 1961 1967 1971
RS** 12.227 | 22.472 |23.186
Arpu - -
| Arpi -- --
Acr - --
Act .449 --
Rm . 132 1.162
o : ~:211 .582
-{ Other -- 2 133
Commercial (C)
Category* | 1961 1967 1971
C*x* ' 1.294 2.298 3.882
Arpu - -
Arpi -- --
Acr -- --
Act -- --
Rs 159 026
Rm - -
Other .132 .026

* Land Use categories into which ** categories have changed.

2
LAND USE CHANGE (Km“)

Improved Pasture (ARPI)

Category*| 1961 1967 1971
ARPI** 7.922 3.169 .054
Arpu 1.664 | --
Acr .502 --
Act .397 185
Rs -- --
Rm -- --
Other 3.195 2.984
-Orchard Crops (ACT)
Category*| 1961 1967 1971
ACT** 20.439 | 14.736 | 11.065
Arpu . 106 --
Arpi .054 --
{Acr .634 .528
Rs 4.014 1.242
Rm 217 .026
-C _ .423 .054
Other 1.822 3.697
Multi-Family Residential (RM)
Category*| 1961 1967 1971
RM** .739 1.268 2.403
Arpu -- -
Arpi -- --
Acr -- --
Act -- --
Rs .026 . 185
C - -
Other -- --
Other***
Category*| 1961 1967 1971
Other** -- -- --
Arpu -- --
Arpi .265 | --
Acr .449 1.373
Act .159 .634
Rs 6.152 1.981
Rm 211 .159
C .449 .528

**  Figures given for-this category reflect total amount of land in that
category for the given -years.

*** OQther represents miscellaneous land uses occupy1ng areas too small to be
treated individually. :
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characterized by the following sequence of -conversion: (1) pasture into
cropland; (2) cropland into resi?ent}al Pr/Cbmmgffif‘;?%?Si,?9d?%(}),$}Q7”4::
réiéu%aﬁfl;:};sfééétfal-use into multi-family residential or:commércial
uses. Land use primarily co;verts into.progressively highér intensity
forms of usage, with very little reversion to lower intensity uses occur-
ring. Multi-family residential and commercial land uses, represeﬁting
the stages qf highest intensity, seldom revert to a lowef inteﬁsityAland
use. |
The,chaﬁge in land use discussed here occurred over a period of 10
years. But the Value of remote sensing in studying the Géleta Valley isv
not limited to monitoring the change. Perhaps even mofe‘valuable'woﬁl¢
be to‘intégrate remote éeﬁsing information into the Enviroﬁmental Plann}hg:
process for the region. Anticipation-of fﬁture urban p}essufe énd move- |
.ment,‘of service needs, optimum open-space elements, planning hazafd§
(i.e., areas of possible flooding and fire), and simjjar plann{ng prob-

lems can be accomplished with the appropriate use of remote sensing

techniques.

6.3 FUTURE PROPOS‘ED WORK

THe Geography Remot; Sensing Unit at the University 6f Califérnia,
Santa Barbara proposes to conduct several investigaéions for the coming
fiscal year., These include: (1) completion and evaluation of the data
base for the Central Coastal Zone of California; (2) continued monitoring
of changes in fhe environment ‘of the West Side of the San Joaquin Val]ey;
(3) completion and evaluation of a method for inter-censal estimation of

urban population size; and, (4) construction of a detailed land use map



for the Tri-County area (San Luis Obispo, Santa Barbara, and Ventura
counties) of the Central Regional Zone.

Phase | of the Central Coas£al Zone data base investigation, develop-
ment of classification systems (1and use, landforms, vegetation, etc.) and
interpretation techniques, has been completed. Phase I, compilation of
the data base and evaluation of the fesu]ts, is in the initial stages.
During the coming year, Phase Il will be completed and provide a well- -
documented historic baseline for monitoring change in the dynamically
" growing Central'Cbasta] Zone. Continued monitofing of the Central Coéétél__
Zone will permit szsequent evaluation of the utility of remote sensing
data as an inférmation source for assessing_the implicafions of change on
both regional environmental quality and area-wide planning.

Investigations of resource parameters that are significant to the
regional tfansformation process on tHe West Side of the San Joaquin Valley
will be continuéd. The development of an agricultural regioh is a long-
term process that is poorly understood. Remote sensing data are being,
and will continue to be, used as histéric documentation of the process,
and as input for a subsequent model of the agricultural regiona]ization
process.. Studies focus on land use change, urBan change, popu]atfon
growth, vegetation resources, and short-term problems that may have long-
term implications (e.g.,Asa]t water intrusion in local water supplies).
The studies will prove significant for future resource management and
pilanning.

An investigation into the development of a simple and reliable method,

using remote sensing data, for inter-censal estimation of urban population
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size was initiated during this reporting period. A total of 20 urban sites
\ = — - - = R - .

in the Central Regional Zone are being studied. Preliminary findings indi-

cate that the method being‘tésted shows a great deal of promise., Research

during the next year would complete the study aﬁd‘analysis of the 20 sites,

and provide a solid sfétistical basis for assessing the utility of the
‘method under investigation. The methodology'will be of great significance
to urban and rggioné] planners at all governmental levels, since exfsting
methods are totally ihadequate_(on a time and cost basis) for providiﬁg
this now urgently needed information.

Finally, éfnéw investigation is proposed whiéh would céncern the con-
struction of a detailed land use map of the Tri-County area (San Luis
Obispo, Santa Barbara, and Ventura counties) in th; Central Regional Zone,
These counties represent the most raﬁidly chénging areas within the Cen-
tral Regional Zone, and are the areas having the greatest need of éccurate
and up-to-date land use infofmationg. Close cooperation with local county
planners will be maintained during thé investigation in ordef to fully
assess the value of this typé of land use data, éenerated from remote
sensing>techniques, in the county planning process and for determining
the relationship between development and maintenance of environmental

~quality.
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Chapter 7
ENVIRONMENTAL MONITORING AND ASSESSMENT IN SOUTHERN
' CALIFORNIA USING,BEMOTE SENSING TECHNIQUES

Co-Investigator: Leonard W. Bowden
Contributors: J. B.-Bale (. W. Johnson,
J. Viellenave, D.: Goehring, P. Wilke, V. Coleman, J. Huning,
C. Hutchinson, R. Minnich, D. Nichols, K. Rozelle, A. Sullivan, -
E. Wilson, J. McKnight, W. Brooner, R. Petersen,
K. White, G. Washburn, and D. Poole
Department of Geography, Riverside Campus
7.1 INTRODUCTION
Research progress at the University of California, Riverside,
supported by the NASA ""Integrated Study of Earth Resoﬁrces in the

'""is reported

State of Califdrnia Using Remote Sensing Techniques,
" herein for the yea} since May 1, 1972. Efforts éonsist of remotely
sensed data applications which contribﬁte‘to a better qndefstanding
of southern Céliforhia's resources and environment. Eafly feseérch
focus was ‘limited fo.asseésmént of the impact of theltalifornia,Watér'
Project, but the present report is indicaiive of the increased scope
of investigations supported primarily by NASA.: TEEQ report contains

synopses of work being carried out at various locations by a number

of researchers.

7.1.1 Significant User Applications

A number of governmental agencies (State Department of Water
Resources, Bureau of Land Management,-County of Riverside, County of
'San Bernardino) contact us at least once a week concerning studies
which involve the use of NASA imagery for evaluating the impact of
imported water into the environment. For example, the Department of
Water Resources intends to use Eecent U-2 imagery in order to map
- Original photography, may be /umhimm
- EROS Data Center ' 3
10th and Dakota Avenug
Sioux Falls, SD 57198




land use of all of southern California, and have continuous updating.
In additioﬁ, ;thér gqve;nmental agencies:and private firms contact us
periodically (State Department of Parks and Recreation, State Highway
Departhent, BureauﬂofrLaaaiRéélaméti;n, Eﬁ}eau of Census, Riverside
City Planning Department, Davidson fngineering, Burkland and Asso-
ciates, among others) in order to use the imagery.

Updating rapid land, use change is the theme of several studies
included in- this report. - Thelméthoddlogies used and'ésbecially the
fechniques devélopéd'afe of utmost interest to coUnty planning agencies
(Riverside, San Bernardino; Imperial, Orange, Los Angeles, . San Diego),
and state agencies (Department of Water Resources, Department of Parks
and Recreation). Studies reported herein evaluatg'therfeasibility of
coupling analyéed U—21ima§er;cwith computér mabping fechniqﬁes fof'thé |
purpose of'rapidly upaéting land use chanée, The immedfaté future wfll
.see expansion of both teéhniques developéd and-user applicafions. Most
all of the ﬁajor changes (primari]y.agricultura] and réﬁreationa]) are
:a direct cqnseduence'of the California Water Project's impact. |

ZEXogenous wétér into coastal southern Califérnia.will serve to
burgeon population growﬁh and urbanizatioh, resu]tfng in a greater
demand being placed upo% remaining local ”open“ spaces. Nearly all
the water brought to southern California by the California Water
Project is designated for municipal and industrial uses. At present,
water suppliies are sufficient, aithough projections of population
made in 1950 -and 1960 suggested a critical lack of water by 1980 or.
2000. The water project was designed to meet such needs. waéver,
such prophecies have a tendency to be self-fulfilling. Supplying

water to an area in need encourages predicted. growth.
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The County of Orange, in.an effort to inventory their land and

design a comprehensive plannihg prog;am, requested detailed vegetation/
wildlife maps of the coﬁnty. ~Jn a relatively short time perio? large
scale maps were.prbduced, ysing imagery from both Mission 164 and
recent U-2 imagery.b .

The advantage of using both low and high altitude imégery for
detailed mapping of montaﬁe vegetatioq is shown in another study. fhe
résulté and techhidues develdped therein'have been usedAby the National
.Forest Service and the State Air Resources Board.

‘Recreational sites along the California coas; wil]‘probabl;.
experieﬁce the Qreategt iﬁpact from imported water. :At present,
;oastal Célifornia Eeceives its-water supply from the Colorado River.
Despite its limitatfdns aﬁd péor quality, gréwfh ha; occurred at an
increasing rate; particulérly in résponse to dehands fof semi—urbaﬁ
homes proximate to recreafiohé] afeas. The,demand'for‘fecreétion and

residences hés gone hand-in-hand with the prospect of 1arge amounts
of water from northern_talifornia. The growth 6f recreation-oriented .
cities is creating an urban environment possessing peculiar economic

and social characteristics. Planning for future growth stimulated by

Eeceipt of fresh water requires a detailed understanding of the éhar~4
acteristics of recreation cities and recognition of their growth
patterns. Mission 164 and U-2 imagery allows for-detailed land use
mapping and predictability of growth conditions, in wHich respéctive
county and state agencies are interested.

Environmental monitoring and impact assessment represent§ a major

source area for user applications. The importation of water, especially ’
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into desert areas, is resulting in increased pressures upon the envi-
tonment. The Bureau of Land Management, State Department of Water

Resources, County of Riverside, County of San Bernardino and lmperial

.County,rin additfoé éo sma{ler agencies ifor example; Coacﬁei]a Va]ley_
County Water District, Imperial Val]ey Irrigation District, State
Department of Parks and Recreation), and numerous private concerns,

are using imagery from Mission 164 and recent U-2 underflights albng
"with results of the inc]udéa';tudies in their planning programs. One -
study evaluates the use of vegetation as a-su;rogate for indicating
moisture retention, a étudy of interest to ndmerous'agencies.

The Cqunty of San éernafdino gnd the Bureau of Lahd Managemeﬁt
~have special interest in the increased usage of the desert for off-
foad*vehiclé.(ORV)-aéfiVity.-‘Recént u-2 imagery“of'fheldesert clearly
reveals traces of random and orgahized ORV activity. fhe included
studies indicate,the'usefulness'of high altitude,jmégery for evaluating
ahd, potentiéf!y, delimiting areas of such activity. It is known thét
‘both of the aforementioned bodies will use the imagery even more fre-

" quently in the future. | |

Iﬁ the‘CQachelia Valley the imported water is resulting'in sig-
nificant=envirdnmental‘éhanges;'changes~thch will on]y-see-aécelerated
development. Land use changes have been dramatic. Increased recre-
ational related development is the major focus of inFerest. Supple-
mented by additional water, many areas will be able to expand both
their urban and recreational bases. 'Exogenous4water will also hav¢
an important impact upon_the locating of potential archaeolggital sites,
a condition in which BLM has sﬁown interest. The feasibility of using

high altitude imagery in archaeological investigations is recognized.

7-4




/
{

TheAfina] study is morexghi]osophical than applied in scope.

The investigator evaluates the different role pl;yed by remote sensing
techniques in two separate agencies located in Los Angeles. The résults
will prove valuable to any agé;cy iﬁcorporating remote sensing-techniques
in their investigations. . |

7.2 RECENT DATA ACQUISITIONS

The successful continuation of our investigation; has.been greatly '

aided:by-the périodic receipt‘of photographic,overflights of the-SOchern
California test arga_by NASA. Since completionfofvdata.acquisition from
Mfssion 164, signfffcant new imagery has been obtained from a variety of
sources. The prime source of imagery has been NASA, but private con-
tractors haQe flown two missioﬁs - a short, large scale flight over

Cajon Pass - and an extended Series of pasSeS'ovér selected portions

of the Mojave Desert._ Costs fo; these flights pre&ent sequentigl his-4
sions frgm_beiﬁg.undgrpaken, énd ;ﬁéTefore,_imagery'recgived and;én;icifr
bated froh NASA.aEe vi£aii9'impOrtant'fof éénffnual mohfforfng of sbufherﬁ
California's desert reso;rces. | | | “ o

~Appendixll lists all the imagery re;efved since the termfnation

of Mission 16k flights (April 1971). The flights listed in Appendix |
include acquired 70 mm and 9 x 9" positive_trénsparencies, flown by -

the U-2. All are within the southern California test site area, with
‘selected flights concentrating on thelurbaa parts of the Los Angeles
Basin. Two other flights extend coverage beyond southern Californ{a

to the Central Valley and into the San Francisco Bay area. Despite

the small scale (1:450,000) of the 70 mm, it is of high quality and

will be very useful as supporting data for ERTS-] preparation for
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ERTS-B and SKYLAB. All bands have good exposures and resolution
useful for both rural aHd urban areas, although some multiband photog-

réphy has been poorly copiéd.

VTHe 9 x79“ trénﬁpérénéiés repfe;entutﬁe bésfrimagery received
to date. Not‘on]y are the color prbcessing and resolution excellent,
but the exposure settings, expecially over desert areas, allow more
detailed interpretation than has previously been possible. It also
‘opens the way- for very high quality, and pérhaps quantitative cor-
relation with ERTS-1 éhd ERTS-B data. The RC-10 and 70 mm package
contained on these U-2 missions shows definite superiority over the
comparable RB-57 sensors used during Mission 164, |
-~ Al'l ERTS-1 imagery received as of February 7, 1973 is é1so included-
in_Appeﬁdix . Images'of eér]ieflpasseérof the satellite were found
| to be wanting, by‘compéfison, to later passes, particufafly cycle-6.
Primifiye repronction and enhancement techniques Bave allowed rea-.
sohébly detainea préliminary7anélysis of both rural and urban
phenomena; cycle 6 imagery proved far better than earlier passes for
) interpretatTOn.of Qrban-areas; it is'aﬁticipated thét, if thé'quélfty
remains somewhat consistent, some yaluab]e'informatidn énd'techniéues
-may “be developed :and moaified through the ‘use of'ERTS data.
-Earlieét 70 mm negatives of the ERTS-1 imagery were found to be
too dense to allow prints to be made. Like the positives, the negqf?ves
from cycle 6 are better and are quite adequate to the task. Preliminary
examinations have -revealed some productive uses for this sequential

type data, despite the fair to poor quality of the earlier data.
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7.3 INFORMATION AND APPLICATIONS ASSISTANCE

The UCR research group has consistently maintained a policy of
availability and assistance with respecf to the data and techniques
developed and housed here. Being assocfated with a universify, it
is our function to aid progress in the education of not only sfudents,
but of people outside the unjversity community as well. Over the past
year, a substantial number of people have inquired about remote sensing,
and the research conducted at UCR. There have been nearly as mahy '
types of questions and problems as peopie asking thgm. Such-inquiries
have come from a wide variety of businesses, institutions and'gOVern-
mental agencfe;, and have Ied.tO’aicbnSidératibn as to what new.défa 
and techniques might be uééfulfv Appehdix'ilslistﬁ'the’orfgihﬁ of these -
~visitors and thg wide arfay»of sUbjects‘which théy wished to diécu#s.
Cleariy,_our functidn has ranged from describjng:the philgsophy:
-~an&‘génera1 uses of remété §éhsingTahd éate[liie platforﬁs-fo as-
sistance in detailed analysis of cbmp]ex eﬁvironmeﬁtal.problems using"
Iaréer scale_pHotograbhy. The fact thaf requests come from aﬁadémic,
governmental ahd privaye groﬁps.reflects the importance of the re-
search occurring and_tée kind of favorable public relations which = .
come naturally with the growing association between the university
and non-university researchers and users' worlds. Undoubtedly,
continuing research of this sort will hasten the acceptance oF_the
technology and will ultimately result in positive social benefits
as these techniques are used in evaluating and solving ehviroﬁmental

problems.
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7.4 ACCOMPLISHMENTS
Expansion of research efi?rts in areal extent and methodological
sébpe has been the eﬁpﬁasis o% sfuhy fér the NASA g;anf p;éjec; ;his
past year. Test site~area§.being monitored for impact of the Calif-
ornia Water Project have been enlarged and new test sites have been
added (Figure 7.1). Automated techniques are being developed to make
the continuing monitoriﬁg of changes a feasible operation and methods

of predicting land use change are being investigated. Several studies
involving environmental impact which indirectly relate to the avail-
ability of water to southern California Have been included~to:provide'

a complete overview within this study. The latter studies, because.

" of budgetary limitations, have not been .funded by the NASA grant, but
they have utjliZed the imagery provided by various NASA sources. The
accomplishments will be discussed 'in four sections.

| Section 7,§¥], dea]iﬁg priﬁéri]y thh,the}meth0501ogical expansfbn .
of. the Geographic Information System,. represents a continuing exami-

_nation of the impact of the California Water Project in the Perris
Plain, and the urbaﬁ ehyironment of the San BeTnardino-RiQerside area
Zof-southern-California. In these areas monitoring-and analysfs-of
land use change has been the principle surrogate used to assess the
water project's impact.

Section 7.4.2 focuses on portions of the southern California coast.
Here both population-and residential construction, instigated in part
by the promise of exogenous water supplies threatén extant opén space

and environmental amenities. This coastal areal focus was in part
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established as a means 9f gathering data which would integrate with
"NASA supported ERTS-1 research-efforts.
~ Assessment of the impact of recreational activities and urban .. . - ...
expansion into desert environments is the theme of Section 7.4.3.
Several localized studies define environmental problems now being
faced and indicate potential roles remote sensing techniques might
fill in assessing landscape change. Water importations 1nto'the$e
desert areas can oﬁly-serve to accentuate recreational use and resi-
dential eibéns?oh.A | | | o
Because a major portion of this Department's activity consists
of application assistance, we have Become.concernéd wfth thetbroblem'
qf té;hnology accebtance.v Normaiiy a_defay eXists béfween thelﬁéte
fﬁf an'inﬁovatﬁdnvénd tﬁe date of its incérborétidn into aﬁpfiedv .
pfbgrams. Cost is §ejdom the sofé reason-fér-this lack of acceptaﬁée.
Usﬁally a ;omp]éxAset of.factofs are résponsibie.;iséC#iﬁn‘7:4.4-;Sia
case study inQoIving Los Angelés City and~Codnty plahnipg agéntfeg
IWhere"reséarChers'éftempfed to idéntify'the causative factors,lahd
thereby facilitaté fhe future acceptance of remote'SenSiné teéhﬁiqués.
The fesu]ts of this-invéstigétion have helped the research teém af ‘
UCR to better prévfdé_pétential users with imagery and fechniqués
which best fit their needs.

7.4.1 Regional Information System

It has become quite evident that in monitoring environmental
changes within a large region 'such as southern California, @ logical

method of storage and retrieval of geographic data is absolutely

necessary to avoid hopeless confusion. Consequently, the acquisition
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of equipment and development of meﬁhodologies for producing geo-
graphical information systems is a méjor subject of investigation
at the UC Riverside campus. These investigations have, for several
years, been supported by sources other than NASA, and more recently

- have béen integrated with the current NASA studies. The studies in
this section repo?f on three particular phases of the total informatiqn
system: (1) The Systematic Approach; (2) The Display Concept; énd,
(3) Detection and Prédiction of Rurai-Urban'Change.

The systematic approach deals with the problem of abstracting .
data from remotély sensed imagery and transferring the data into a
geographic inFofmétioniéystem. Resource managers can dtilfze'the.i
systeh oﬁfpﬁt as an aid'iﬁ'making p1annihg decisions.

| Tﬁe display‘conceptvdéalé with oné.ﬁartTCQia} type of cdmputér>
idispfay that. is derfved from a>geographic,infofmétion-Systemtl Two
:examPies.of themafic t?pe_méps are discussed; éhd'Shqw how ;he-cphf .
putef systeh can handle rapid'updatiﬁg of Iana use'change in large
régionai éreas;‘ A system of acreage compﬁtation Has noQ been:included
with tﬁe available system.

Détection and prédiction of rural-urban tHange'has been previously
discussed, but the inLluded report updates the work on this continuing
project. The system being developed will use synoptic femotely sensed
imagery to monitor regional rural-urban fringe areas to enable pre-
dictions to be made in advance of the transition of thé change in land
use from rural to urban use.

7.4.1.1 Information Systems and Resource Management - A Sy§iematic
~Approach

Under NASA support, research has expanded. Using a full systems

approach, researchers are continuing to develop a methodology which
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would allow complete data ingﬁt and information output for all re-
source management situations. This work, by Nichols and Brooner, was
published asuTechnbcal:Report?T-72—3~and was jointly supported by ~
Pfoject THEMIS and NASA. The report, ''Interfacing Remote Sensing

and Automated Geographic Info;mation Systems,' utilized previous
experience and addressed the entire procéss of combining remote
sensing technology with autoﬁated geographic information systems.

The following»&iscussion presents a scheme for.utilizing remote
sensing technology in an operaffonai‘program for reg}onéj land useA
planning and land resource management'program'applications. The
scheme utilizes remotely senséd dataras one of several potentiaf in-
puts fo deriveAdesired and neéessary information. Severai ajterna—
tive approaeﬁes fo thé expaﬁéﬁon.and/or ;eduction and analysis éf.

7 data using automafed’data hahd]ing_tethniqueé are éonsidered.t'Thfs
‘b'discussiQn'begins with the decision to utilize‘kemote]y sensed dat§
for a land resource program, and is inclusive of thé épplfcations
andlconsiaerations 6% aﬁaiyses:aﬁd brod&éngﬁsefui t§ var{éble>ieveis
of decision and policy. Within thfs'scheme.is alfive-stagérprogram
deVelopmént: (1) Preliminary Coordination, (2) lntérpretation aﬁd
Encoding, (3) Creation'of Data Base Files, (4) Analysis and Products,
and (5) Applications.

Stage | - Preliminary Coordination .

First, one must assume that: (1) a regional land use or resource
‘management program.exists, (2) there is both a recognized need and
desire for relevant environmental data, and (3) remote sensing tech-

nology has been selected as a tool to provide environmental data
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relevant to thé program»pbjéctiQes and problems. One then considers’
the choice of remotely sensed imaging systems to be employed. In
reality, £here may not be a choice of imaging systems due to costs
or limited availability. For example, regional planners are often
limited to existing black-and-white photography or conventional aerial
photographic surveys which utilize low and medium altitude black-and-
white or color negative fflms. Hopefully, considerations for choosing
the.gensor_and its specifications would include application-criteria,-
iandSCapé'pérameters, and séhsqr_pa}améters.A An organfzatfoﬁ of'_
preliminary coordination considerations is shown in the flow chart
(Figure 7.2).

Stage ' - Interpretation and Encoding

Stagelll of the scheme for utilizing remétgly sensed data. is
referréd to as Interpretation and'Encoding. Within.this staée,.the_
:remotely:sensed aata ére interpreted, extracted; éndlrglatéd to the .
;oﬁputér data.base afong with vérious-exdgehous défa.  A1l data are
encoded fn_é digitaT'Formét which allows further data analYéis to be
made in subsequent stages of #he system. Depending on the techniques
emﬁloyed in the various ;haées, the |nterpretati$n and Encéaing-stégé
may be simple or comp!el, as cah be seen by some of the individual
considerations presented in the diécussion.

The options and sources for tHe dissection and dissemfnation of
environmentai data confront the image interpreter with alternatives
which must be decided upon in order to determine subsequent data

handling means. Automated interpretation of remotely sensed-images

(e.g., pattern recognition) is a process which is still in the research
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stage and is not extensively considered in the present discussion.
With the increasing amounts of regioﬁal data being provided from
platforms such as high altitude aircraft, or ERTS-type satellites,
the potential for fmpiementationland use of automated fnterpretatfon.
'systems becomes more attractive. Manual interpretation of remotely
sensed images can be transcribed by various methods. rirst, mapping
directly oeto an image overlay will necessarily capture any inherent
-geometric image distortions. The use of algorithms will provide for
location congruence with the data base. Another alternative would.
be to interpret the data eirectly from a hand rectified grid overlay
which is Iecationally congruent with the data baée. These methods
were, in”fact, developed during'earlier research.

Stage |1l - Data Base Files

In Stage.lllseparate data fi}es are created for each environ-
mental phenomenoﬁ-which is discretely classified-and interpreted from
“various data sources. 'Furthermore, all of these data are rendered

lo;ationally congruent. In Stage |l the Data Base Files are subjected
to various manipulatione which internally produce additional data. By
deriving variables, corfelating existing data, and applying various
data overlays, a large number of important applicators become avail-
able to the land resource analyst.

In many cases, additional discrete environmental variables caﬁ be
calculated. These would be time consuming to derive manually, but are,
neverthe]ess,.very important for applications to resource management.
The derivation of these variables may be approached in two-Qays. The

first includes programs specifically designed for a particular application.
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Data inputs may be either: (1) a single variable from the data file
with calculations afforded by spatial arrangement, or (2)-inputs in
the form of a special mode] uti]izing empirical data not spatially
correlated.

Consideration has been given fo two dimensional data where the‘
x and y coordinates specify location and the z axis provides the
phenomena (event). There are césgs,»howeVer, where mqfe than one
_evént Would need to be plotted with respect to one vériaBle. For
eXample, air.poliﬁtion wdula'have the brdpé;ties of being bhySica}ly‘
thrée d}mensional requiring the event (é.g., oxidant cOnceﬁtfation)
to be recorded along a foﬁfth axis; 'Again; fhis is where édmputér
capabilitieé become attragtivg. The use of more than-threé axes
can enable tﬁe Qse of data withrthréevphySical diménsfohs plué
whafeyer phenbmenon exists at a physieal point in space.

Overlay proéesses combinLng a serieg of Single?variab]e matrices
with spatial location held constant have been utilized extéhsively.
lan McHérg's me;hod 6f regidnél>Iéndscape‘ahaiyéis is a’we]l known -
example. McHarg;s methpd inQolves the plotting of.Qariables on écetate,'
réther‘than overlaying;them physically to visualize the spatial cor-
‘relations and juxtaposgtions. Obviously the more variables that are
added, the more confusfng the display becomes and eventually any
empirical applications become difficult. The overlay process as used
in the present system is accomplished internally within fhe computer.
Thus, an indefinite number of phenomena can be overlaid, enabling

*

both easy retrieval; manipulation, quantification, and modeling.
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Stage IV - Analysis and Products,

The next stage of the system deals with data analysis, data
‘modeling, and generation of:dggiféd;b?oaucié. It is useful to remember
that the intégration and application of remote sensing techniques to
land resource management programs is not just a problem of acquiring
and interpreting remotely sensed imagery. One must also analyze the
data for the purpose of providiﬁg information to land resource manage-
ment programs gnd objectives.
Analysis of spatial'combarisons provided by the integrated

master datalffle.is aécomp]ished by selective retrieval of variables

as required by specific application objectives. Each category within
each variable is weighed by assigning relative values correspOndfng to
rélative desirabiiity (pdsftiye or negafive) with respecf to collecfed
environmental phenomena. The modei output is generally not anotHer
variable (although it cou]d-conceivabiy be used as suéh), but rather

is in the form of a series of relative assessment values. In a cor-
rfdor location mode],,for examble,usoil typés, ggology, slopes, sun
angles,.and other applicable enQironmental'bhenomena, are assigned
determined values in order to obtain é quantitative assessment of suit-
able corridor location fdrAa particufar use (i.e., highways, powerlines,
etc.).

Stage V - Applications

The utilization of the described concepts. affords the application
of environmental data directly toward the land resource decision
process, for integrating synoptic data. User options include inte-

grating additional overlays enabling synoptic analysis, or simply
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updating the master data file by obliterating obsolete data. Options
for applicétions-to man;gement and policy decisioﬁs are governed by
various goals of both.aata syﬁthésis and data p;esentation.

A brief description of some possible applications to the land
resource planning and managément proéess follows:

1. Monitoring. This concept'appliés to the détection of
synoptic pﬁenoména,‘such.as rural-urban fringe aﬁalysis, urban blight,
crop.mofpho1ogy throughouf growing seasons, levels of various environ-
4meh#al pollution, etc.. . |

2. Inventory. When planning for regional'grqwth and deve]opmenf,
for examplg;'resource data is often inéﬁfficient or ré]étfvé]y non- |
exfsfént.' Remoté'sensing techniqueé brovide efficient and expeditidusA
surveys; and minimizé problemévéf inaccessibilify over large a}eas of =
__difficu!t terrain or_covef,'Vlmagery'provides vast amounts of enviroh-
mental. data to be recordéd.énd fnterpreted, and data files allow for
the sféfage, retrieval, and preséntation’of vast amounts of data
"~ useful fo.the resonce analyst and planner. o

3. Simulation. Often Eésource”plahners,attempt'to simulate.
political or economicldgtcomes, such as land use chénge;, before
making various recommenéations or'décisions. The conéfruction of
graphical displays alloﬁs the preséntation of relevaﬁt information.to
the participants in the ''gaming' process.

b.  Impact. Planners often mus t ask themselves 'What if we do...
and what if we don't...?” With the cdncépts and systems described,
éssessments of felative'“impact“ may'be generated to enable plénners,
first, to better answer sucthueétions} and second; to‘provide‘alter-

native comparisons.
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5. Location. Once the\dgcision is made regarding,- for example,
the development of a certain.activity, the question becomes one of

optimum location. Quantitative assessment of environmental, political

uanéwéﬁoﬁémfcrp;}ametersVmaY be Qéé& io nar?bﬁ the choice to several
alternate locations.
6. Cost. When économic inputs must be considered, assessments
of cost and cost alternatives may be éasily computed using the proposed
system. |
7. ‘Displays. Communication between -planners and policy makers
is often inhibited due to information formats that aré difficult to
interpret. Flexibility of display modes allowed by this system shou}d
ease communftations. | |
Historically and presently, inventory, planning, and management
of land resources is an extremely variable process amqng regional
population concentrations and.frequently non-existent or minimal fn
smaller-popu]ations.. Land use maps,.for'examplé,_are costly to producé
due to dependence on traditional ground survey methods, and once com-
pleted, are of limited historical value. Thé value of currént and
dynamic regional land use data ahdnmaps is their potential for "synoptic
use in observing‘econoﬁic patterns (and resources)'rearrénging them-
selves.' |
There is growing agreement that the ”state-of-the-artd of remote

£..1 £
tutr |

sensing has advanced tc the point of being very use or the detection
of ‘environmental resource data. The need for more, better, and timely
land use Jaté for planning is obivous. Also present is the-neéd to
-evaiuate and manage our resources. Various remote sensing techniques

are more applicable than any other method of survey for numerous

- 7-20



environmental phenomena which must prerequisite resource management
decisions. The realizations of automated systems to integrate data
derived through remote sensing techniqugs with multiple sources of
exogenous data, and the ability-to‘manipulaté, storé,_retrieve, display,
and update thé résﬁlting information; will énab]e thé tranéfer of remote
sensing app]fcationé and téchnqipgy into the éfféctivé operat?ons of
resource manageméﬁt

- 7.ha2 Computer Prepared Thematlc (Qualltatlve) Maps

The core of a geographnc :nformatlon system is the'ablltty to
rapidly produce a thematlc or qualltat1ve_map of analyzed or corre-
lated data. The efficiency of the display produced~byAthe compﬁter'-
depends on the ability to-chénge scale, update data, generalize map
.data, and most>important - produce a mép of large ar§a1 extent without
having to mosaic individual maps. Research at the RIVersfde-CampuS
has utflized several computér mapping systems as an integra] part 6f
oﬁr NASA sfudy grént.. Previous reports contained discussions of two
systéms - grid.méfrix, énd polygon oVer]ay; Sfudy this‘past"year'hag
concénfrated on a fhird syﬁtém ~ CALFORM -~ which_is ﬁbst uséful in
displaying current and éhaﬁgiﬁg l;nd use. vThe CALFORM program wasA
originally deveioped at!Harvard University, Laboratory‘for Computer
Graphics, but it has been greatly modified at UCR to enlarge area
-capability as well as provide acfeage calculation summaries. The -
CALFORM display technique is included in two current studies which
serve as examples of two of the capabilities of the program.

The first of these discusses an Qﬁgoing study inQolving~l;nd use

mapping of a large regional area. The display.for this area indicates

the detailed land use that can be provided by the CALFORM program for
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an area as large as 40,000 acYes: In additfon, the CALFORM program
-also provides acreage summaries for e;ch land use classification. The
~acreage summaries are not limitéd;tg thé géneralizéd land uses_dis—,ic
played on the map, but wil] provide détailed summarization limited
only by the scéle to which the data has beén coded.

The second study focuses on monitoring land use change resulting
from the impact of Lake Perris (California Watér Project). In this
area the land use is predominately agricultural and subject to rapid
seasona]‘variatfons; fﬁe CALFORM display has proved torbe'én exéel]ent
program to handle rapidly changing land use.

7.4.1.2.1 Regional Land Use Mapping and Data Compilation

Modification of the CALFORM computgr mapping program, to map a
large area (40,000 acres) of detailed land use with oné continuous
map plot, is making the monitoring of change in a large region a
feasible task:. The ongoing Urban-Rural Land Use progrém encompassing’
“the Inland Valley of the Los Angeles.Basin (Riverside-San Bernardino-
Ontario, Figure 7.1) serves as the test site for the computer‘assisted
Regional Land Use Mapping Study.

Five CALFORM type maps of the region have beep produced and are
in the process of being updated from NASA U-2 type imagery. The base
land use data employs 52 second level categories chosen from the De-
partment of Housing and Urban Development (HUD) land use cfassification
system. The base data was derived from Mission 164 imagery at a scale
of 1:120,000. 'The number of land use categories detected using high
altitude imagery. exceeds the second level classifications adop;ed by

the Inter-Agency Steering Committee in their ''Land Use Classification
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System for Use With Remote Senso} Data' (Geological Survey Circular
.671). It would thus appear that the resolution of fhé NASA U-2 high
altitude imagery taken with the RC-10 camera will permit detéctioh of
many third-level classifications that the committee suggested could
only bé obtained from smaller scale imggery; Figure 7.3 is a photo
mosaic of the Inland Valley Region taken by-the NASA U-2 on July 1,
1972. 'Tﬁe original scale 9 x 9" CIR transparencies pérm?ts the seg-
regation of most residentia] areas into thfrd level classifica@ions.

Five extant computer maps of tﬁe Inland Vafléy éach ﬁsé the cor-
responding USGS 7.5 minute (1:24,000) topographic quad sheet as a base
map. Since the base map'scale is larger than thé 1:120;000/130;000
imagery, it eésily provides the necéssary work spacé for prépafing
mab data_for encoding to computer data format. Théllargest numbér of
-polygons (individual land use aréas;‘i.é., public school.grohnds) on
the current maps is 331.' However, the pregént‘CALFdRM program will
permit 2,500 polygonsito be outlined on a single map. The polygon
limit does not necessarily restrfét the size of the final‘singlé plot
map that can be producéd.’ The single plot size of a regional map is
only restricted by the map scale and plotter bed sizet Figure 7.4 is
a map mosaic that was not'préduced by a single cohputer plot, but
represents five separate quad sheet overlays. Scale.reduction from
Athe origioﬁal 1:24,000 base was accomplished by both coﬁputer and
photographic means.

The map mosaic represents land uses within two counties (Riverside
~and San Bernardino)}, a combination seldom seen in this.fegiqn.‘ The
analytical capability of. the map provides the user with the ability

to consider regional scale morphology and may give planners a perspective
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Figure 7.3. U-2 photo mosaic; centered on Riverside, California.
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they now lack. One obvious :pnélusjon from a cursory examination of.
the map mosaic is that the fréeways Aid indeed come.after theicfties
>were built.. The dark commérc{a] sfrip aréas révéal_thé original

main arte}ial streets. The ubper two quaa maps show the Intersﬁate 10
Fréeway Bisecting the maps in an éasf-west direction and little
commércia] activity canABe defécted along the freeway.: The commercial
strip along the top of the map paralleling the freéwaj réprésents the :
development of the old.transcontinéntaf-Highway_66-throughAthe cfties:
of Fdntana and Rialto.

The agricultural land usé'patterns indicate that-théfé aré still
somer“greeﬁ“ Belts aroUnd‘most of the ﬁities, but résidentfal_incursions_
into fhe greén belts can be-detected around each gfgwfh cénter.. in
-the lower center quad only.two Service;type.]and use éreas‘a]oﬁg the
State 91 Ffeéway‘(cé] Baptist Collége and'Sherman Indian Institute)
remain in the old separation between thé orfgfnal area of.Rfvérside'-:
and A;iington wﬁich now form a single city. Careful analysis of»the
 map mosaic will show many othef previousl? unrecognizéd relationships.

Another sub-routine modifying thevCALFORM computer'mapbing prpgrém
has produced a most useful statistical summary; Acreage calculations
can‘now be'produced for the entife regional map.  At bresent the
smallest unit area of the summéry-is the base quad sheet. . Thé detail
of the summary is limited by'fhe scale to which land use has been .
encoded to computer compatible format. For.clarityvof presentation
the 52 categories of land use which were interprgted from the hfgh
altitude imagery have been geﬁera]ized on the map display to éight
first level land use classifications. Table 7.1 sﬁmm;rizes the acreages

for each of the classifications within each of the five quad sheets.
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CODE

14
20
40
50
60
70
80

90

CLASSIFICATION

ALY S .
Living Area
Industrial

Transportation
and Utilities

Commercial
Services

Recreational &
Cultural-

Resources
(Agricultural)

Undevéloped

NORTH
Acres

7,034
170

2,582

474
365

552

16,908

11,367
39,452

CORONA
%

(17.8)
(0.4)
( 6.5)

(1.2)
(0.9)
(1.4)

(42,9)

(28.8)

TABLE 7.1

URBAN-RURAL REGIONAL LAND USE SUMMARY
Riverside-San Bernardino-Ontario

' (Spring 1971)

Acres
11,462
441

1,248

1,013
1,409

909

11,354

11,677

39,513

WEST RIVERSIDE

)

(29.0)
(1.1)
(3.2)

( 2.3)
(28.7)

(29.6)

EAST RIVERSIDE

Acres Y

- 4,593 (11.7)
469 ( 1.2)
534 - ( 1.4)

612 ( 1.6)

5,680 (14.4)
1,028 ( 2.6)
10,101 (25.7)
16,373  (41.6)

39,390

SOUTH SAN
BERNARDINO
Acres %
12,114 (30.7)
1,220 ( 3.1)
1,815 ( 4.6)
1,981 ( 5.0)
1,420 ( 3.6)
640 ( 1.6)
12,074 . (30.6)
8,207 (20.8)
39,471

FONTANA
Acres %
13,717  (34.8)

883 ( 2.2)

503 ( 1.3)

555 ( 1.4)

609 ( 1.5)

332 ( 0.8)
17,347 (44.0)

5,442 (13.8)
39,388

197,214

TOTAL
Acres! $
48,920 (24.8)

:
3,183  ( 1.6)
6,682 ( 3.4)
4,635 ( 2.4)
9,483 ( 4.8)
3,461 ( 1.8)
67,784 (34.4)
53,066 (26.9)
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Reaeing from left to right on Ehe-map mosale (Figure 7.4), the lower
quad sheets are North Corona, West Riverside, and East Riverside.
The upper quads are Fontana an&\South San Bernardlno. Statistical
totals for 197,214 acres included for the map mosaic of regional land
use provides another analytical.tool. The most developed quad area
is Fontana wifh the Jurupa Hills to the south being'the.onl; unde-
veloped area. The 34.8 pereent akea'is greater than the’highly
urbanleed éouthjSan_BeEnefdino quad;._Seclo-ecenomie eharactefisﬁies
of the reeidentlel areas eennot be determined from_ihe land use.maps
developed af tHie seale; ‘A complete geographic leformafien system
would therefore have to include census dafe. HoweQer, the presence of
the Kaiser Steel Plant (represenfed by the large_lndustrlal area to the
west center‘of the Fontana quad) would suggest that the majqrity of the
residential areae of the Fontana quad contain blue collar families..
A deficiency in both the land use mep and the.stafistieal summafiesi
listed only by firsf le&el classlfication is that the true functionvof'
£hé area in fhe North Corone qued is not revealed. The large egrleul-
tural area is undeflned in both the map and the statistics. The
staflstics'would have to be.listed'to the third level clesslfication to
see that nearly 90 percent of the agricultufal area is in dairy farming.
The data is available from examinatlon of the original scale NASA U-2
imagery on which each dairy lot and associated alfalfa field can be
detected. |

The brief analysis above indicates that considerable study’of'the-
products of our regional computer mapping techniques needs to be accom- R

plished. However, the present state-of-the-art provldes a significant

tool for land planners and resource managers.' Acquisition of a four
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pen plotter this coming year will pfovide a capability to produce four
color maps with second level classification detail being displayed.
Updating techniqueé"will be developed.” The ability td‘bfoddbetthé
CALFORM display at any scale will permit an outline map to be con-
structed to NASA U-2 image scale (resulting in rapid updating).

7.4.1.2.2  Updating Rapid Land Use Changes

The most challenging test of rapid updating procedures for land use
maps is provided by agrftu]tufal areas. Southern California with itg
year-round growing season proQides an exceptional example of such a_
challenge. The CALFORM map display system provides a most unique system
for updating agricultural crop dafa. The ongoing Iana use stpdy ardund o
the new Lake Perris (terminal reservoir of the California Water Project)
-provides.an excellent study site for the updating technique.

Analysis of the Perris-Moreﬁo Valley area of Riverside County has
been detailed in:previous reports.. The example shown'in Figure 7.5 |
iédicétes the great'seasonal variation found in mést agriéultﬂra] areas.
AHoweveE, the climate 6f the area stfil pefmits maﬁy irrigated vegefable
crops to be produced in late fall and mid-wfnter. These are indicated
.on the December 9 map. :The early spring map contains many grain fields

, ,
that produce through dr; farming techniques. It is the change from dry
farming to irrigated farming that is being closely watched within the
Perris~Moreno area. The significance in the system is that once a
base map has been encoded into the computer it takes only one to two
hours to update the display. lmage interpretation for the December 9
image required only 30 minutes and the encoding another 30 minutes.

Figure 7.6 is the NASA U-2 July 11, 1972 image of the same area. The

evidence of dry farming can be seen even in this black-and-white
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Figﬁre 7.6. U-2 photo (1:131,000) July 11, 1972 of the Perris-Moreno
Valley. Dark fields represent irrigated crops. The predominance of

dry farming indicates little crop production during this season.
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image from the.large.ﬁumber of bare fields._ The grain crops around
the lake area failed to mature because 197] was the driéét year fn
Ny , .

recorded weather hiétory-(no rain-fell after December 15, 19715.

Ip the northern partAgf.the plain_arouﬁd March Air Force Base
and a]ong the transportation artery provi&ed by Sfate Highway 60,
resid;ntial subdivisfons (both singlé and mu]tiple'fami\y dwéllings)
are being constructed on laﬁd breviously dedicated‘to.agficu]tufé.
This is not é new tréna which owes its exi;tence to théAinceptionvof
the Califofnfa State Water Project,.although informatfén conéerning
4Lake'Perris and surroundinévstate recfeatjon facﬁlifiés;haQé had some
effect as a stimulus td.growﬁh{ | |

Throughout the Perrfs Block of the Peninsulér Ranges (rouéhiy .
the area between:the Sénta Ana and Séﬁ Jacinto.MouﬁFafﬁ Rénges,from

Riverside to Rancho California), recreational oriented land uses have

replaced agriculture at a limited number of sites. ~Most of these are,

according to Clawson and.Kenetsh (Economics of Outdoor Recreation, 1967),

intermediate facilities which are neither population nor resource ' N

.oriented. Althouéh some of these sites are desigﬁed as centers of
second or recreational residences (a typical occurrenée in the northern
Coachella Valley) most often the devélopments gerve asﬁfécreation

"Vehicle campgrounds, mobile home sites, or as centers for da* uses.

There is no doubt that proposed recreational developmen;s,associate&

with the California Water Project are partially responsible for thé

development of these uses. Hopefully, research during the next years

will provide more conclusive results concerning these alréady identified

trends. May 18, 1973 will see the arrival .of northern California water_
in Lake Perris and it is anticipated much change will develop this
.coming -year. '
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The techniques developed within the Perris Valley agricultural

-area have been utilized in an extensive associated NASA study in the

Imperial Valley Some 8 000 plus agrlcultural fields are benng mOnI'rzdi;

rtored on an 18 day ERTS-1 cycle to develop a system for computer as-
sisted crop identification. The data is providing information that

can be used to provide a monthly prediction of irrigation water
demands. The prediction tgchniques will be utilized in current studies
in the Perris Valley to determine if water demands within a mixed dry-
irrigated farming area can be predicted with equal ability;

7-4.1.3 Monitoring Rural-Urban Transition

" The ldgiéal mgthod of fntérpreting and analyzing remotely sensed
data outliined in the.previously described systems approach is not Qith-
.out its problems." One.such.prqblem area is encountefed.in the inter-
prefation of the factors involved’within'rural;urban fringe zoﬁes of
transition. The environmental chaﬁges taking place in this zonal area
"~ are complimented by human interférence; A,study is currently béing
conddcted to determine if in fact there is some logfc,‘and hence,
prédictability in the way man effects change in the Southern Cali-
fornia rural-urban ffinge area. The investigation,éoncerns the use
“of synoptic remotely-sénsed imagery for monitoringvregional change.
This study in urban dynamics has both practical aﬁd_theore;ical
' values. Its practical value is to urban and regional planners who
will be able to foresee transition problems befére they occur, and
thus, can .take .corrective-action :and then monitor the fQEther devel-
opments. The theoretical value is to students of urban morphology
who will be able to observe the processes of rural to urban tran-

‘sition and land use succession.
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The study began two yéars ago with a slightly different objective.
Synoptic imagery was to be used in‘examininé freeway impacts on agri-
cultural land use, the expectation being that agricultural uses would
change as anticipation of the fréeway rose, as the actual copstruction
proceeded, and as ;he route finally was completed.> It was expected
that labor and capital inputs to land would be intensified to raise
productivity in keeping with higher carrying'cosgs fér rural land
now taxed at urban ratesi Instead, the phenomeﬁbn'of factor disin-
vestment,‘or the minimization of factor inputs to land was observed.
Sinc]éir degcribed this phehomenon in a recent journal article,
" "Won Thinen and Orban“Sprawl,” (Annals of the Associafion of American
Geogréphers, Vol..57,']967), but he did not test it empirically, nor
did thé few other investigators who qbserved ft analyze its causes..
Examples of diéinvestment pétterns and their.origins are yet unclear.
Rather than a progressively more intensive production-factor-use-
agricufture appfoéchiﬁg an urban frfnge in accord with the ]SO year-
old Von Thiinen theory (whidh.suggests that land reﬁt appreciates from”
locational utility; and thaf land usés are ordéred by théjr abilify
to pay.these rents and the transportation costs), the pfox?mity
- clouds the long-run planning horizon and forces fringe land owneré to-
~adopt short-run plans. This is particularly true in dynamic situétions,
" e.g., when a major transbprtational route is constructed. Production
factor use is minimized.because labor earns higher returns in the
city; capital has higher returns in land speculation or_in investments
other than %arming. Land, as a consequencé, is farmed withéﬁt much
capital or labor input, and such extensive uses as grazing, and the
f%rming of barley and other field crops prevail in areas ''clouded"

by urban proximityL
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The original study area was composed of the Walnut Valfey, in
eastern Los Angeles County. 'Land use changed within agriculture in
--a number of ways before urb;n land use (residentia}, industfiél,'insti?
tutional, etc.) succeeded. Five types of decisions made by land ownérs
were identified as: |

1. Intensificatiéni the increase in factor use as in the
replanting of citrus, the enlargement of a dairy, or the planting of
" row crops in place of field éroﬁs;

2. Direct conQersion: the change of productive agriculture to
urban use, as in the replacement of productive citrus groves by sub-
division. |

3. Succession: the following of,low-prodg;tivity agriculture .
by urban use, as urbaﬁ barley fields or deteriorated citrus is followed
by a subdivision.

4. DiSinvé;tment in Lieu: the following of productive agricul-’
ture by a less'prOductive égriculture, as when citrus is replaced by
- barley farm{ng.A | |
5. 'Disfnvestment:A the'al}owing of agricultural uses‘to deter;

iorate in situ.

Land owners adoptéd these stratégies in different bfoportions
depending on the urgency with which they percefved cénditions forvland'
use change. Owners tended to adopt land sale enhancement strategies
(disinvestment in lieu) in periods of 'booming'' growth and disinvestment
strategies when sales {lending rates, fiﬁancing availability, etc.)

were off. The intensification of agricultural land use was thus a

much less important -decision than expected. |In broad terms, the
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expénding Los Angeles friabe throggh Walnut Valley triggered land

use change to urban uses and agricultural decline through disinvest-

~
.

ment stages.

Research concerning the preparation and transformation of rural
land to urban uses is continuing at the Riverside campus. Thgoretical
statements are, at best, hypothetical on the basis of even intimate
_obsefvations>at.a sample location. In 6rder to substantiate prevjoué
statements, the hypothesis of disintensification of agricultufal land
Qsériﬁmediéfely prior £6 ﬁ?bénfﬁatién will be tégtéd in four other:
areas. Tentativefy these areas are: (l)_THe Dairy Valley areé of
Cypress in Los Angeles County; (2)>the Plaéentia-érea of>0range“

. County; (3) an area of the East San Gabriel Valley in Los AhgeleSy
County; and, (4) either the Dominquez Hills or Venice area of Los
Angeles County.

The above locations each exhibit different agricultural land-
scapes. Hopefully £his additional research wiJl.not only lend credence
‘to>the hypdthesis undef éonsfderatidn, bdf will also éétab]ish what
other types of agriéulturaf'land uses undergo factor input reduction
before giving wayAto Qrbanization.-
| During the past year research has concentrated on typical agri;
cultural forms of southern California which, in comparison with farmihg
nationwide, tend to be highly capitalized, intensive and specialized.
In the citrus industry emphasis is placed on the manner in thch each
form evolves under qrban pressure, particularly on remotely sensed
evidence of change that can be supported by- ground truth data (e.é.,

production data, both inputs and outputs). A portion of Orange
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County, California, served as a test site (Site 2 above). Thi§
region, bounded by the Santa Ana River on the south, the Orange Free-
~way on the east, and the. Puente Hills on the east and: north, contains
two incorporated communities, Placentia and Yorba Linda, énd sub-
stantial evidence of urban encrouchment into agriculture. Other
reasons were important in the site selectién; (1) the off-center
location of the region and its delayed urbanization (ample photé
coverage was better assured); (2) the excellence of soil and citrus
production tends nét'only to deter urbanization but make its impact -
more dramatic; and (3) the abundance of related ''ground truth' data.
Urbanization began rapidly in the region after 1960, prompted by
local capital projects, énd-has fluctuated with the vagaries of the
building iﬁdustry. ldled land and urban land uses had almost totally
replaced the citrus landscape by 1972. The decfine of citrus cannot
be attributed Solely to urbanization, however, and the research was
exteﬁded to provide the explanatory factors necéssary to provide a
éomplete setfing fér citrus disinvestmént. Economic healfh wés
-genérally'poor in the industry for some time. Urbanization Became
only a fortuitous ocshrrence that enabled individual growers to
}ecover past losses {n large-scale land appreciation that followed
growth of southern Cél[fornia's population; Urban impacts were felt
in many sectors: (1) costs of production rose; and (2) difficulties
of production rose (infrastructure breaking down). As .a result growers

became sorted in terms of their propensity to withstand these impécts

and their outlooks changed. Higbee (1969) classified on an urban

fringe in four categories: (1) part-time farmers; (2) under-capitalized
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farmers; (3) serious farmers;.and (4) investor farmers. All were

représented in citrus districts, historically and presently, with
only theif relative numbers ;;anging. Part-tfmé farming was the
original basis under whicﬁ the industry spread on small farms. Labor
efficienc?‘and economies of scale were difffcplt'to achieve at thé
early_stagé of the indﬁstry, bﬁt labor was disinciined to shift to
other activities. (Eventua]ly,.growers fook on qfher gmployment-as;
- opportunities were presénted.)"ﬂarginaiity resulted From,a_létk of |
a sound knowledge concerning the raising of sz-tropica] fruits aﬁd
a difficulty in optimizing physical.constraints (soi[; exposuré,’
micro-climate). '"Boom'' years attrécted prodqcers whose numbers Qere,
adjusted by recurring périods of 'bust.' Citrus écreage and farm
numbers; however, répresented heavy_fixed investments thch'caused
contraction of the industry to come slowly.- Serious growers deserve'
special attention in subsequent paragraphs; Invésfor farmers, aside.
from modern ”cofporate” and “tasthelter” farms, Qere ihportant in a
_transifioﬁ périod when groves were pur;hased,_farmed, and operéted
by managers and phased in keeping with an overall developmenf scheme.
By monitoring the fringe one observes various planning strate-
giés. Some of fhéée can be identified with a specific type of grower.
These decision batterns can be divided into three types: (1) groves
with good care; (2) groves with minimum care; and (3) abandoned gfdves.
Every grower bases decisions on grove potential. This includes
soil, production costs, and management abilfty facfors, and their
availability; or, in other words, physical, eéonomic, and éocial

considerations. The actual production process finds these factors
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increasingly more mobile with their scarcity; i.e., management labor
is a more mobile input of greater scarcity than an opportune economic
situation, etc. - - ~ - - - - - - = = -
Soil had much to do with a grove's initial prospects. A boor
grove was worth its cost until recently; a good grove was dear at any
price at any time. Coupled with efficient and competent.management,
sites with good soil prodﬁged incomes which could offset rising pro-
duction costs for considerable time. As thé citrus landscape evolved,
growers on poorisoils who élwaYs had pobr prodﬁ;t{on and were mdst
marginal tended to leave the indusfry first. The actpal decision
depended much on existing conditions; e.g., the availability of
alternative uses for the.land, and the change in any of the ''urban"
pressure factors: rising taxes, water, and labor costs, and problems

associated with people that make farming difficult (pilferage, vandal-

ism, comp]ainté, air pollution). Depending on the extent of this

assemblage of influences, a grower either abandoned the grove (ceased

irrigation) or adopted a minimum cafe program (cut.baék in spraying,
replacement, trimming). The choice among deéiﬁions can best be
explained by examininé'the reasons for maiﬁtaining good cultural care.
Good groves, whiI; they become increasingly uneconomic through
time, were maintained so tha; output could 6ffset fixed costs of
production (taxes, depreciation) and perhaps pay a profit in oc;'

casional good years. The following table illustrates why.
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N TABLE 7.2

TWENTY-YEAR COMPARISON OF PRODUCTION COST

~{per acre)

Yield 500 boxes | 400 boxes
Price $2.00/box $1.25/box |
Income : ~ $1,000.00 : o $500.00
Costs "
} Taxes’ "~ $60.00 o $500.00
. Mater 1500 . . 75.00
érove.care* © 60.00 . | 140.00
Pest Control - 60.00 - 100.00
Miscellaneous . 15.00 - - o 30.00 ,
Total - $ 210.00 . $845.00
Net Profit - $ 790.00° 0 -33k5.00

*Includes irrigation labor, weed control, rodent control, extra
care for replants, management. :

Source: George Jacobsen,vPlacentia; Califbrnia,'grove manager;

'Yieids declihe& ovef'the>past twenty years due to trée aging and
air po]lution. Prices declined due largely to overproduct}on; Pro-
duction costs, on the other haﬁd, rose considerébly, parti@ularly'costg_
associated with urbanization (taxes, up'833%; wafer ﬁosts, ub 600%;>
‘labor costs, up 300% [estimafed]). VBy producing, a growe? reduced the
poteﬁtial toss he highf incur! For example, taxes Be cannot escapé
whether or not he continues raising oranges. Provided the grove is
sqund, anAadditional $345.00 investment in cuitufal care provides
$500.00'in income. Whiie he does.not make money on the croé, he redﬁces
his potential loss.by $155.00 by gambling $345.00. Alternatives are
less attractive: razing the orchard and planting a more remuherative
crop for interim use costs- $600-700 per acre for tree clearance and

up to-$2,500 per acre improvement costs for specialized crops, such
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the farmers were- so motivated. ‘In gereral, the industrial zoning of

as strawberries, which could return a profit. Such alternatives

were feasible provided the soil was suitable, skills were present, and

groves on sandy soils of the Santa Ana River floodplain (eminently
suited for strawberries) were unlikely to become urbanized within a
short time and lent themselves to this alternative. Over most of the
region, however, it was not practical.

" Minimum care could be practiced by reducing cultural care expenses -

‘dollar-for-dollar with reduced inqohe. If loss in income exceeded

savings from reduced production costs, it would not pay the grower to
adopt minimum care; if loss in income was }ess than the savings, mini- f
mum care provided a viable alterhative investmenf strategy. WhétAfew
growers knew at the outset was that minimum care had a cumulative
effect: while quantity and quality of output did not decline appre-

ciably in the first year, subsequent crops were increasingly poorer.

I'f grove quality was insufficient to produce crops equal in value

to production costs (the variable portion) minus taxes (a fixed cost),

- a grower would likely abandon production.

The 1972 cftrus fandscape illustrates all three‘strategfes.
{ .
i
In general, they are associated with types of farmers according to
Higbee (1967), .and they also correspond with decision types distin-

guished earlier (Goehring, 1971) (Table 7.3).
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TABLE 7.3

- DECISION TYPES/STRATEGIES

Farmer Types Farmer Strategies

(Placentia-Yorba Linda,

(Higbee, 1967) 1972) (Goehring, 1971)

1. Part-time - 1. Minimum care until ’ 1. Disinvestment followed

farmers eventual abandonment : by a succession of
' ' urban use ‘

2. Under-_ - 2. Abandonment 2. Disjnvesfment followed
capitalized : : ' ' by a succession of -
farmers : o ' ' urban use

3. Serious 3. Good care until the . 3. Direct conversion to

" farmers . - grove is sold; possible . urban use; intensifi-
conversion to higher ' cation within agri-
paying crop : ©.  culture :

L. Investor L. Minimum care; often b, Disinvestment;
farmers abandonment; possible : disinvestment in lieu;

clearing with/without possible intensification

replanting a higher
yielding crop

The emphasis on good management and efficient prodUcfion on good s@i]s
‘has led to grove management as a field of labor specfalization. :This
type of “se;ious farmer" can often be associated with investment sitﬁationﬁ;
é.gf, future school sites, power line rights-of-way, mineral reserves.
Leases for long terms (20 years or more) with some assurance of perman-
“ency and lower tax rates permit continued production by managers operating
‘as individual farmers. Here, it is the public (schpol sites), the utility
company, or the mining jndustry who has invested and obtains interim income
from lands planned for other uses. Grove care practices are good with
considerable consistency irrespective of disinveétment or abandqgnment

surrounding these institutional "islands."
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Periodic air photo coverage permits monitoring changing conditions
within the grove that are paralleled by investment strategies employed
by grove owners. As %uéh, period{czebservetions of g}ovevcendit}ons
lead to }apid identification of parcels likely to become urban and the
time in which they might be converted. Having such information is an
obyious benefit to planners coﬁcerned with the evolving urban land-
scape. Similar indicators may be able to be established for ‘inner-
urban space as well. Most urban planniqg is done with data derived
from varied sources, largely secondary in nature, due to the abSence of
a,eate source specifically oriented to planning. Most secondary data
are out-of-date once in the hands of the user-planner and the qua!ity'
ef decision making derived from these data thus.becomes deteriorated.
Planning in light of environmental considerations, an approach cur-
rently ascending in importance; requires identificatfon of qualitative
parameters in ways that can Be quantified. Remote.sensing toels
erovide ways of ebtaining consensuses on quality (e;g., grove con-
dition) aﬁd monitoring the way quality changes over time by tﬁe
synoptic facility of inexpensive aerial pHotograpHy.' If planners
would incorporate suchvdata in a manner that identffies the processes
behind each change in the landscape, their decisions not only would be
improved but their abilities to model the interrelationships within
fhe physical-economic-social environment would be substantialiy |
increased to the:benefit of projections and policy recommendations
for the future. Planning -has tools to improve the quality of,life‘
in the future whose effectiveness is redueed by lacking an ender-

standing of how tools should be applied. Research tools, such as
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remote sensing, offer better information for determining processes

that lead to understandings that make projections more valid and
policy recommendations more pertinent and inevitably effective.

7.4.2 Southern California Coastal Region

7.4.2.1 Coastal Environmental Data Base

Coastal southern California fs a region of e*treme diversity.
jt ranges from Beaches to forested mountains:to deserts. The uses
that han has put to the laﬁd are as varied as fhe landscape. Analysis
of this complex environment requires accurate ana:easily usable infor-
.mation. The integrated study in which UCR fs a péfticipant necessi-
tates the Aevelopmént df.an environmental data base and a method of
data display which will.be adaptable not only to existing resource
classifications but also to the needs and desires of'potential users.
The data will ultimatgly be put into a fofmat-compgtible with computer
handling, manipulation and mappiné, The end result will be a geo-
g}abhic information system, upon thch subsequeﬁt studies may be based
(see Section 7.4.1.1). |

The informati§n is extracted from high altitude aerial photo-
graphy from Mission 164 and from the U-2 flights associated with.the
ERTS-1 prbgram. Mapping is performed from the transparencies to
1:24,000 scale USGS topographic sheets (Figure 7.7).

fhe first step was to map the characteristics of the physical
environmen;; including hydrology, landforms and vegetation. Fol-
lowing this, general land use patterns are being mapped. (NOTE: the
séquential nature of ERTS;! is éllowing us to update these‘general-

land use patterns.) Several specific phenomena are under investigation:
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Figure 7.7. Orientation ERTS~1 photo for studies under Section B2
coverage includes Orange, South Los Angeles, West Riverside and North

San Diego Counties.

7-45




( | | _
. \ - -
land use changes, both within urbantareas, and at their fringes;
transportation networks, énq\recreation land use. The data afford
the opportunity for assessing the. impact of land uses upon tée en-
A Qironment, seen in vegetation changes, change in quanfity and quality
of open space and ''natural'' areas and expansion of vafious types
of recreational activities. -

Two individual investigations haQeAresulted, Fhus'far, from the
coastél studies: Mapping of.Vegetatioh in the Orange County Coastal
Region, and»the Role-of Recreation Sites and Environmentai Homesite
Qualft&'in Modifyiﬁg Laﬁd and Property Values. ' The firstlis-a detailéd.
localized eXtension 6f the data base concept. The seéond ufilizes
physiogréphic and Végétafive iﬁfbrmation as well as land use data in

conducting the study.‘ 

:7.h.2.2 Vegetation Mapping-in.Orange County

The §bjectives of fhfs study were twofold: (I)vformulate a
vegetation classification séheme useful fbr and functionallylfefated.
to remote sensing techniques, and (2) map the vegetatidn habifats in
Orange Cbunty,’displaying the patterns on USGS topographic sheets.

- Two data sources were used: Mission 164, CIR.transpérencies,
1:60,000 scale; and Mission 498, CIR imager?, 1:131,000 scale.

The imagery was evaluated initially to determine the kinds of
vegetation habitats which are readily visible on film. Field Ehécking
was than used to determine the meaning of the photo signatures.' The
resulting classification contained nine categories:' ‘

1. Grassland (G)

2. Coastal Sage (S)
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3. Chaparral (C)

L. 0ak Woodland (0)

5. Pine Woodland (P) - T T s e

6. Riparian Woodland (R)

7. Freshwater Marsh (F)

8. Salt Water Harsh (M)

9. Urban/Man Altered (U)
ngﬁré 7.8-i5»a Sampie of the mapping which Wasvdone of Orénge:
County.

7.4.2.3 The Role of Recreation Sites and Environmental Homesite
Quality in Modifying Land and Property Values

The pdrposé'of”thié‘paper has been to evaluate the major forces
inferHcfng‘the behavior of land ‘and property vé]ue§ in tw§ southern
Califorhfé cbasta} communitfes. Bofhlcitiés,»0ceanside and Santa
Barbara, exﬁibit substantia] fecreationé) resoUrées, énd arevnoted
Fo} thei; ﬁléasant residentiél environhenfs. These two pHenomena
served as the focu§ of this study. It was felt that the specific
nature of these two téwns, being functionally simple, and located in
én attractive setting, should exert an identifiable influehcg upon the
‘structure of residential land and property values. |

The traditional approach to expressing land value behavforvié
a model which shows the highest values near the Central Business
District of a city, decreasing radially away from the CBD. fhis
-pattern resulted-from the competitive bidding for land in a locatiqn
most favorable for whatever land use was proposed. Transportation

“or .accessibility represented the most important factor influencing
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VEGETATION MAPPING IN ORANGE COUNTY

F-FRESHWATER  C~-CHAPARRAL
MARSH

= ' ’ P-PINE
T M-SALT WATER WOODLAND
MARSH O-0AK
U-URBAN/MAN WOODLAND
ALTERED S-COASTAL
G-GRASSLAND SAGE
R-RIPARIAN

Figure 7.8. Representative portion of vegetation map prepared for Orange
County, California, with the aid of Color Infrared "High Flight" aerial
photography.

7-48



/

C

\
the value of land. Modific%tions of the theory, and subsequent

empirical studies have revealed that land values tend to follow the
- concentric pattern, but witR “islands'' “of high value ‘in various
locations. Land uses associated with these "islands'' were generally
industrial or ﬁommercial, but occasionally high-valued residential.
The fact that emerged was that no strict relationship between fand
use types and land value had been fdrmulated that accuratély des-,
cribed real ébnditions. |
The Qeneraf théory was abstracted to state:. Yand vélueS‘are

found to be highest in-association with land uses whoserfUnﬁtions and
characteristics give these uses some economic and social importance. This
importaﬁce, relative to'others in the community can be meésured as
.a Forée“of attractiveness; or centrality. Centrality does not‘refer
neéessarily to a physical condition, but to the.fmpact the land use
has upon'its locality, both economica]]y and socially. It is this
- force of centrality which is the focus of high land values. The land
use, in any specific location, associated with ''central places'
varies according to the function and locatioﬁ of the city. In a city:
like Santa Barbara or Oceanside, where the CBD is small and regional
retail centers are important, other land uses may acquire greater
importance as ‘'central’ functions. That recreation, as an economic
and social force, is so important in these two cities suggests that
location of recreational Facf]ities-might play an important role in
the behavior and structure of local land and property valueg.

" The assessment of the recreational function, and the'quality of

homesite environments was accomplished through the development of
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indices designed fo descrigé the nature of the functions in housing
afeas in each census tract. The index for recreation was based updn
the type and quantity of f;&ilifies within each tract. Studies have
shown that various socio~economic groups possessed somewhat charac-
teristi; preferences for certain types of recreational activities.
As regards local residenfs,,this fact suggested that certain kinds
of recreational facilifies should be associated.Qith specific types
of residential neighborhbodsf Exélusive activities such as priVéte
golf Eodrses, po]oAgrounds;‘eic;, sﬁbuld.be f0und>ggll_fn neighborhoods
“coﬁtaining primarily high-va]ugd houses in an environment withnrestricted
_frafffc patterns. Conversely, recreational activities which cater ﬁo
‘mass use tend to assocfate with neighborhoods wiéh higH”living density' .
and traffic patterns. There was also found to be a differencé»fn
residential gtructﬁre between'thesé neighbérhoods.~‘

" ‘Homesite desfrability was assessed in terms. of six surrogateé:
(1) slope gradient; (2) slope direction; {3) elevation; (4) local
relief; (5) distance from the ocean; and, (6) natural hazards.v Each
tract was evaluated according to all sfx criteria and an index value
assigned. |

Regression analysis was performed using the recreation index and

the topographic index as dependent variables, and using land value
as the independent variable. fhe data were also displayed in tabular-
and map form. This bermitted én interpretation of data with con-
sideration of geographic characteristics as we]l. .

The evaluation of the data revealed a strong correlation between

the.assigned recreational index and land values (.70). The highest
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residential land values occurred in association with significant
quantities of '"quality" recreational facilities. The specific type
was dependent upon the kind ofrﬁeigﬁbé}hbo& under considéfétion;'
verifying the assumption made earlier regarding facilities and neigh-
borhoods. Tracts with low recreational index values were those with
low land values, except in just a few cases, in which nonjresidential‘
land useé,were preéent. |

Recreational tracts‘Qere described‘and characterized in two ways.
Tracts can_be evaluated in terms of eﬁonomic structure. It is possible
to determine thé kinds of economic activities and their impoftance'in
the traéf;. Thé~sp¢cffic characteristics they eXhibit; and their rela-
tionship to recreational activities provides additional information
abouf‘the overall impact of recreation on a region. A second way,
more appropriate to residences,bis one which deals wfth.vacation
housing. An index of ﬁumerical importance and‘the rent quotients
indicate tﬁe quantity and relative costs of vacation homes and apart-
meﬁts in a tract. It was discovered that tracts with high‘recreétional
index values containedglarge numbers of residences available for
seasonal occupancy. The reniﬁagked_or median value of these vécation
homes was in all cases; at least 15% higher than the median rent or
price of homes in the tract. Assuming some homogeneity, this demon-
strates both a demand for and a supply of such homes.

Given these data, it is fair to conc]udé that recreation has a
sizable influence upon residential land values in communities,inxwgich
recreation is a major'economic and social function.

The topographic index value of each tract was plotted against its

respective land value. The low (.22) correlation coefficient suggested
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that the impact was low, if not coincidental. It was-found, though,
that total property value correlated much higher. More expensive,

and larger homes are constructed in bleasant surroundings. This |
does not imply that low valued homes are not in a pleasant enQironment.
Tracts bordering the ocean were assigned high topographic index values,
but only rarely contained highly-valued homeé.

Sites having low topographic index values, and, therefdre, a
Iowe; homesite desirability, canbe characterized és being locafed-on
flat alluvial surfaces witH thé view”of the-oqeén blocked by hfils. |
‘Land uses are mixed: residential,_comﬁercial and»industrial. Property-
values tend-tp reflect the negative,-as wejl as the posjtive-impacts
of site qualfties. N |

Several tracts pbsseséed attributes Which were not ekplained by
this analysis. They could be grouped into three classifications:

(1) semi-rural agricultural, apparently with rapid ongoing convérsion
to urbanization; particularly residential land use; (2) industrial/
commercial; and (3) educationél. Eacﬁ had high land valueﬁ and few
recreational facilitiésﬁ The three conditions also tend to act in a
manner to appreciate laﬁd.values.

Land values are produced by a complex set of factors. Current
theories assign the greatést influence to the céntral business functioné
of a city. In towns Qhere CBD's are weak, where commercial and indus-
trial activities are scattered, and where recreation is a major economic
function, there exists a different set of factors modifying land Vaiue
behavior. In communities like Oceanside and Santa Barbara,‘recrgational
facilities possess the social and economic force tofact as “centralﬁ

functions.
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7.4.3 Environmental Impact Assessment And Environmental Monitoring

Stimulated perhaps by growing popular awareness of environmental
-conditions, one of a series 8¥:conservati§nist outbreaks occurred’
during the last four years of the 1960's and has continued on a some-
what diminished scale up to the present. Public interest has waned
over the last three yéars, perhaps as a result of over-publicizing
potential environmental problems, or perhap§ as a result of ¢ompetf-
tive advertising by potential polluters. Tw§ laws pertinent to this
discuﬁsion ére outcomes»of this lafest flurry of_énvironmental concern.
'One is Federal legislation aimed primarily at government-sponsored
projects or projects proposed for Federal lands (National Environmen-
tél Policy Ac£, 1969). The second fs é»California State law and is
applicable to all development in California (Sections 21151 and
21152, California Public Resources Code).

This legislation, we can assume, represents an honesf effort to
cope with and solve the environmental problems of our society.' Whether
or not it accomplishes these ends will depend upon more than the quality
of the legislation itself. The final determinant as to the success of
the legislation will be controlled by.a series of perceptual relation-
ships, where attitudes and understanding of individuals involved in
the processes of implehentation dictate final outcomes.

Remote sensing technology provides a uniqﬁe perspectivg from
which we may view the maniﬁesfations of human impacts upon-thevenviron-
ment. NASA regional 'scale imagery located at the Riverside cghpus
provides data of such utility that it has been .used For-préparation of
environmental impact stétéments (as required by California }egislation)

for site-specific projects within Riverside County (see Section 7.3
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and Appendix fl).» HighAa]titude imagery has also served as a data
source for regional impact studfes supported by NASA. Subjects of
this research include assessment of the impact of off-road recre-
ational vehicles-throughout QOUthern Célifornia, motorcycles in the
Mojave Desert, the deterioration of desert habitats and archaeological
resources resulting from urban and aéricultural expahsién in thg
~ Coachella Valley, and the actual and potential impact of one form of
rapid mass wasting in the mouﬁtains of southern California.

Useful techn[ques for environmental monitoring are alSo.under
develobment. Work continues with é'methodo]ogical éxpansion of mapping
procedures’for montane vegetation, and the use of the Jéshua Tree

(Yucca brevifolia) aS a surrogate for soil moisture in the Mojave

" Desert. Techniques developed in this manner have high applications
potential to resource management programs'in southern California where
large populations have significant impact upon environmental resources.

7.4.3.1 Habitat Deterioration in the Coachella Valley

Research objectives in the northernVCoachélla‘Valley invd]Ve the
demonstration of high a{titude imagery as a useful tool for monitoring
urban-rural fringe land;use change and asgociated environmental‘deteri-

! . .
oration. The potential value of this test site‘iS'that the land use
in settled areas is dominantly urban. The northern Coachella Valley
has, as its economic base,-tertiafy services associated with'recrea-
tional and resort activities. The area has (since the late 1960'5)
experienced continual economic growth, which is manifested in a
spectacutar transformation of open space to urban land uses.

Previous remotely sensed records of land use in the valley were

acquired in 1967 and 1969. These will serve as a historical basis for
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comparison and change ident?ficatioq. As ;f this writing, no decision
has been made to utilize capébilities of our geographie information
system. Both mapping‘and;gEEphic,display.will be accomplished- by
non-automated methods.

Several preliminary maps have been attempted and completed.
Ground truth procedures have ihdicated phat the northern Coachella
Valley is an especially compatible area for the use of.high altitude
data. By using the film as an ultimate source (adjusting‘the classi-
'fication scheme to what is visible .and not to what is presuméd‘to bé
there), four different urban an& three other categories (seven in all)
were identified. The base period for this area i§ 1966, as detailed
land use maps as_of that date are available.

When compared, these maps (Figures 7.9 and 7.10)-result in a map.
of land use change (Figure 7.11) which locates one areal focus of
developmeht. This focus, along the axial center of fhe valley, had
previously been in open space. Concurrent investigatiqns haveAdeter-.
mined that this increasing human activity is jeopardizing numerous
natural habitats in addition to the sand dune areas along the vaTley
center, as pointed out by the sequential land use maps. Other threat-
ened areas iﬁclude fan surfaces emanating from the San Jacinto Mountains,
and the Bighorn sheep habitats in the high desert surrounding the Qalley,
bottom.

Continued residential construction has also reduced the habitat
value of the valley to man. Increased environmental pol}utionw(air
pollution, noise and visual pollution) threaten the area's economic

.base. Results stemming from the lack of attention to specific
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CORCHELLA VALLEY LAND USE CLASSIFICATION (1973)

.

. o . A. AGRICULTURAL LAND USES B. URBAN LAND USES ¢. unu:vno}:m AND UNUSED
Land Use Change: 1966 to 1972 1. Field Crops 1. Residentia) 1. vacant
a. grains a. single 2. Absndoned
b. feed b. multiple m«lture
c. vegetables ) ¢. transient b. urben
d. ‘truck crops m. mobile
e. other r. recreation ’ )
N p. ‘pasture 2. Cormercial
2. Row Crops S . a. sales & service
8. vegetables . b. recreation -
b. maize 3. Industria) .
t. other [
: 4. Institutional and -
3. Iree Crops Government !
a. citrus — v
¢ 1) orange ’ §. Unkoown X
2) Vemons j / X /’—\\
3) grapefruit ("'
\l’ 4) lmes @
\n . S) other )
~ | TT : P b, vineyards ' ' b
€. palm orchards ﬁ
1} date i
2) ornamenta)’ 3
d. other (1.e. pecans, etc.) 4
alc palms with citrus B
5. Rural Housing_and :’ '
Agricuitural Services :
[:IEI{{:;;E;:;I? V'T‘s..,.i 6. Unidentified or Unknown ?
7. Miscellaneous Agriculture :
a. mursery . '
: b. feed lot . . ’ ' '
¢. other agriculture {experiment station) b
. ‘) . p.. packing plant )
Mites SOURCE: 1986 Land Use Dato, P
L l ' l lyl ‘n. VanCuren
L] [} " " ? ) ’ -
. i

Figure 7.IAI. Changes in land ise of Coach’élla_ Valley between 1966 and 1972.




recommendations concerning environmental design, and impacts of
continuing development, are apparedt through remote sensing. techniques.
Sequential imagery has recorded the Coachella Valley's continuing
environmental deterioration.

7.4.3.2 Impact of Off-Road-Vehicle Operation on the Mojave Desert

Recreational use of off-road-vehicles has,'especfaliy in the arid
areas of the western UnitedAStates,_becoﬁe an important and rewarding.
leisure-time aéfivity. Neverthe1es§, off—fdad vehicular traffic, esf
pecially motorcycle tfeffic, has aI}eady caused cdnsidefasle‘daﬁage to.
these delicate desert envifonmente, and this damage will certainly
become more'widespread unless regdlatory action is téken promptly to
prevent,overuse'and destrdctive uees of the terraid.

Location of damaged areas and the study of fheir.proliferation
would aid greatly in efforts to minimize the impact of this vehicu]ar
traffic. Such study would also provide.a basis upon which to establish
regulatory policy for off-road-vehicles. |

In the first study, the utility of remote seneing technidues for
the dual purposes of Ioeation and study of damaged area is explored.

Using imagery of C%]ifornia's northern San Gabriel bajada,
spanning the nearly three'years from July, 1968 to April, 1971, all
major areas of off-road vehicular damage within the stddy region were
located. Expansion of damage for the time period in.question was
also mapped for specific locations.

Small scale imagery (1:100,000 - 1:120,000) was found to Pe most
desirable for purposes of initial location of damaged areas. .Larger
scale photography (1:24,000 - 1:30,000) was found to be more appro-

priate .for more intensive study once damagedbareas had been located.

7-58



/

( :

CIR.and stereoscopic film ch$>acterisﬁics were_also found to be
valuable throughout the investigation. = Imagery of damaged areas
from more than one date is, o?‘course,,requjsite,for a temporal
comparison for expansion of damage.

The second study evéluates change incurred during a motorcycle
~ race which is held annually. Both high altitude (1:120,000) CIR
imagery and low altitude coverége (variable scales), taken with hand-
held 351mm'cameras and usfng color infrared filh, was used ﬁo comp]e?
ment ground coverage taken both before and after the race at specific
study sites. An attempt is being made to evaluate the resulting
environmental changes. As part of an on-going study, the investiga;ors
_are mapping those desert surfaces and textures which are most'adaptable
“'to intensive off-road—vehicle operation. For this, ERTS;l imagery is
proving to be most valuable.

Remote sensing techniques have direct application to the tasks
-of locating ana stuinng'off-road-vehicle damage. Aerial. survey is
clearly superior to ground survey for this purpose for several reasons.
First, the use of aerial photoéraphs renders vast areas examinable
quickly. Second, the perspective offered by aerial photographs allows
the interpreter to easily see spatial patterns not readily visible
from the ground. Finally, the number of man hours fequired for av
, groﬁnd survey and mapping of damaged areas probably render that method
prohibitively expensive. Aerial survey, therefore, has a clear cost
advantage.

.

7.4.3.2.1 Remote Sensing of Off-Road-Vehicle Damage on the Northern
Bajada of California's San Gabriel Mountains

The problem of off-road-vehicle (ORV) .damage is especially great

in_éridAenvironments. Slight disturbances can have profound repercussions
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on the biota in these areas because vegetation regrouth is typically
very slow. Many areas uf the desert are covered with a thinicap of
desert pavement which retards wind erosion; Once this cap is removed
by intensive vehicular traffic or other means, wind erosion increases
markedly. Moreover, many of the smaller shrubby plants found in
deserts are dry and brittle most of fhe time. Thus, they ure easily
-broken by passing vehicles, often resulting in their destruction;
This problem is coupounded'aftér periods of intense raiufall;'where_-
nafive plénf cover and désert pavémént are uisturbed, severé erbsionv
is more iikely.

Undoubteuly, the most destructive>use to whichuORV‘s afe put'ié
_hiil climbing=-an activity which-is largely-restricted to motorcycles.
Hill climbiug requires a certain type of terréin; the slope must'be
steep enough ;o.be challenging but not so steep or irregular as to
preclude climbing. The most fauored surfaces are fhose of-hard
packed clays or other reasonably'cohesiveamaterials; Because this
type of terrain is not ubiquitous, where Ttvdoes exist ft tends to

vbe intensively used.

An iuitia] survey of the northern bajada of the San Gabrfel
Mountains utilized high altitude CIR imageryfto identify areas which
have been damaged by ORV activity.

The Baldy Mesa aréa proved to be more severely damaged than any
other in the study area (Figure 7.12). Imagery dating from June, 1968
to April, 1971 was available for this site; therefore, it was §e]ec£ed
for inteusive analysis. The 1968 imagery was taken at a scale of
1:24,000 and the 1971 photdgraphy at a scale of 1:60,000 (Figure 7.]3;-

note the 1968 imagery was enlarged).
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Figﬂre 7.12. Map showing ma.jor damage caused by off-road-vehicles in the Northern San Gabriel Bajada.
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The Baldy Mesa study area was delimited and maps of vehicle
damage were prepared using the aforementioned imagery (Figures 7.14
" and 7.15). Five categories b;\dahage;:rénéing from slight damage to
barren ground, were used ih compiling these maps. Subjective judgement
was used in establishing boundaries and in determining which trails
and roads would be represented.

A comparison of the resulting maps shéws the deterioration which
" occurred in the short time span from June, 1968 to April, 1971. (More
recent work is being déne with imagery from December, 1972.) Expansion
of damage in tHe area of Oro Grande Wash is most notable. The expansibn
of areas which afe totally barren is also striking.

Several interestiﬁg patterns emerge on both of these maps. First;
most severe damage is localized in the vicinities of_thg major washes
which dissect Baldy Mesa. These washeg, of course, offer excellent
hill climbing terrain. Second, the partial barrier. to trafffc imposed
by the Southern Pacific track and the almosf tota} barriér provided by
Phelan Road are noteworthy.  The former.is éasily_expfainéd. The
grade reduirements of the failroad are such that its way is cut into
the surface of Baldy Mesa and is elevatea on earthworks where the
track crosses each of the washes. As such, the points at which the
track can be easf]y crbssed by a vehicle afe few. On'thé other hand,
there seems to be no such ready explanation of the drastic reduction
of damage on the north side of Phelan ﬁoad. Ground survey indicafed

" that there-are no effective fences on the north side of the road and

the terrain is similar to that found on the south side. Nothing
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more>concrete than habit seems to be causing this pronounced break
in vehicular damage. | .

A ground survey of éaldy Mesa was made on Friday, October 13, 1972.
It is interesting that the inveétigator did ﬁot encounter one othgr
motorcyclist in the field, fhdpgh.he remained there all afternoon. This
fact suggests that almost all of the damage which has oc;urred at Baldy
Mesa has been the result of weekend activify."

Certaiq types of damage;_éspeciélly littering, defacing, and
vandalism, not evident from the aerial ihagefy,rwas noted fhroughout
the-study area-du}ing this grouﬁd éurvey; Because Baldy Mesa is not
an established park of any sort; Ao‘trash réceptacles afe preSenf and.
the problem of discarded garbage is great.

Nevertheless, it was appareanremote sensing aha]ysis was aAbetter'
method than gfound survey for the study of thesevdamaged areas. First,
the air photo provides a permanent visual record_ofAthe'study_area
which can easiiy be compared té subsequent imagery for change detection.
Seéond, the patterns and extent of damage ére not as easiiy discernible
:froh the ground. .For,gxample, the influences of the Southern Paéific
right-of-way is not ea%ily Qisible from the ground but shows up clearly
on aerial photographs.l Finally, the detail availab1¢ in a ground |
survey is not needed for analysis of all aspects of environmenta}
damage caused by ORV's. Moreover, such excess detail would probably
be détrimental to fhe'study. For exémple, any'attempt to map all. of
- this information would result iﬁ under-generalizatfon‘of detail,
"unworkably large scale, and needless confusion. For other, specific
studies such as impact upon soil texture énd individual plénts, ground

study seems more appropriate.

7-66




;
(

]

AN

‘Remote sensing techniques:have considerable value for the location
and study of environmental damage caused by ORV's. These techniques
also seem superior to and che;Ber¢tgéﬁ g;oand Stﬁdy of thiécphénom;
enon. Stereoscopic CIR imégery at a scale of about 1:30,000 seems
ideal for these purposes. Annual coverage of a study area, taken
along the same flight line, would be extremely valuable in thét it
would facilitate temporal comparisons. |

The'éeneral banning of all OkV's is a harsh measure aﬁd‘is
probably not necessary for environmental protection nor is it socially
desirable. However, cont}ols and regulafions are-obviously needed.

‘ Be;auée hill climbing is by far tbe most destructive use of ORV
operation, this activity should certainly.be restricted to shecific,
regulated locations. Baldy Mesa and other areas which have already
been subjected to severe overuse are unlikely to regenerate. Thus,
they might‘be made into such parks. Enforceménf of these resfrictive
regulations wquld probably not be as great a problem as one might
first assume because hill c]fmbing areas have tended to be highly
locélized anyway. Remote sensing techniques would undoubtedly be

valuable as aids-to'policy-makers in establishing such regulations.

7.4.3.2.2 lhpact of the Barstow to Las Vegas Motorcycle Race

This study utilizes high altitude color infrared imagery (U-2
platform) and low altitude coverage (handheld 35 mm cameras) for
evaluating the effects of off-road-vehicle (ORV) operatién in the
Mojave Desert. .The particular area examined was the route of the
annual Barstow (Yermo) to Las Vegas Motorcycle Race, involvihg

2,500 riders, held in November of last year. Conclusions at this
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point in time are supported by ground checks at specific sites which
were selected for detailed study. Through image analysis and proper
ground checks, an attempt is being made to determine what types of
desert surfaces can best withstand intensive ORV usage.

The areas affected jncluded the most common types of Mojave-
Desert terrain; alluvial fans, playas and washes. These features
‘vary in their ability to accommodate intensive ORV recreational uéage
and the amounts and nature of damage ;hat théy incur.

Damage that was anticipated, agéin, varied with.the type of materfa!
involved. First, the surface soil was expected to.be altered. A
siight cementing of stable desert surface ﬁaterials is to be expected
because of the net upward mévement of water, that'carries with it |
diséoiied minerals which are deposited at the surface. Any wéighf
applied to this surface.woﬁld necessarily bfeak if, exposing the
looser subsurface material. In this process, the surface materiaI is
ﬁompacted. The result is a surface with hfgh erosion hazard by bdth
wind and water,'underléin by a relatively impervious subsoil. The
sufface is.therefore (allowed to be) denuded of its surface layer, the -
compacted subsurface prémoting the lateral movement of water and pre-
venting, inllarge part: the germination of plants that could promote
erosion control.

This type of effect would be greatest upon alluvial fans. How-
ever, the degree of damage is largely dependent upon the portion of
the fan that is used. This is necessarily a function of the depo-
sitional characteristics associated with stream velocity, slbge.and

channel width. Coarse debris is better able to withstand intensive
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usage,.and is found at the head of the fantsinqe it is the first
.deposited (a result of its gréater-weight). Materials increase in
fineness and susceptibility to damage as slope decreases.or distance .
from the source increases;.

Desert pavement is subject to sim%]ar, though less intense damage,
since it is a resistant surface but located on a relatively level area..
Once the surface is broken, subsurface material is most susceptible to
wind and water erosion.

Plgyas require a slightly differept considerat?on. Soil tekture;
are fine, but the area serQes as the local base level, effectively
eliminating water erosion hazards. The slightly structured playa
surface is therefore only susceptible to wind erésion. Perimeters
of playas, however, are somé of the most likely archaeological sites
in a desert environment, and may be subject to destruction.

Washes, in regard to usage, are blessed with instability. Sudden

~convectional showers that typify desert storms, and their resultant
heavy‘runoffs, greatly rework these ebhemera! stream chaﬁnels at fre-
quent jntervals.‘ No desert surfaces can form and the coarseness of
the sands in_;heir beds resist compaction. Vegetation that inhabits’
stream cburses is also adapted to frequent change.-

Much of the damage'that is inflicted on these areas results from
the reaction of the riders to the_particular surfaces over which

they ride. Flat, or expansive, vegetation free, firm surfaces are

most attractive, because they allow greater speed. The qualitites
“that are attractive to the rider are those which make it most suscep-
tible to damage. These are, by and large, fans, playas, and pave-

ment surfaces. Washes, those areas that can withstand heavy usage,
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are the slower, concentréted parts of the course. Because of its
looseness, riders silow down and tend to follow single*%iie.

Initial examination and comparison of both before and after U-2
CIR imagery has proven less useful than hoped. The maia'reagons for
this are: (1) the expected change did not develop to the degree
énticipated; (2) rider attrition during the race was greater than
expected; and (3) by followingva ;pecific and relatively narrow pre-
determined route, the riders upsét-a minimum of tefrain. Figure 7.16
. shows the width of the route from both low altitude and the ground
at two separate locations near the halfway point. Indications are
that organized eQents such as this race, following a specific route,
tend to do less damage 0verall.than random ORV'opetation; which is a
much more common and widespread occurrence. Analysis of all imagery
and ground study allows the following tentative conclusions to be
made.- Démage'atvfhis pofnt doeswnot“a“ﬁéﬁ?ﬂt@mbﬁ“p??ticu?ar}y
serious dr<exten§ive. In consideratiqn of the number of people who
derived pleasufeifrom this'event; suspension bf the event does not
.seem warranted. Most important, in those areas which experjenced
"damage, there were alfe{nate routes that would have resulted in
minimal change. |[n addition, surface téxture is not only'fmportant
to ORV operation but is being found to be a more rigorous controlling
factor in the determination of vegetation type than was breviously
suspected.

Present investigation involves use of both U-2 and ERTS-1 imagery
for the mapping of desert éurfaces which can best‘withstand ORV oper-

ation. Initially, those areas that are most easily detected are
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Figure 7.16. Uppér photograph, takén from low altitude aircraft near

“the halfway point, shows the relatively narrow path of disturbance formed
by the motorcycles. Lower photograph, also near the halfway point, shows
path width at ground level; note the dust cloud developed over Soda Lake

area (rear of picture).
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delimited, those'being areas of rock outcrops and playas.as well as
_major stream courses. Tﬁese areas also represent the two extremes

in elevation énd gradient, the rock outcfops forming the steepest
slopes, the playas being'level. There is also, general}y, a con-
tinuum of material texture from very coarse to very fine proceeding
froﬁ the rock 6utcrops fo the playas; so that relative téxtural

' determfnation can be inferred from_slope posifion.

This work hés been done thus far on the 125 Color Combiner from

"an image without any enhancement. Texture as determined from relative

slope position on this imagery has proven to be difficult due to dif-

ferences in parent material. It appeérs that the mappiné of surfacé
texture héy be hofe succeésful ih these intermediate areéé from
density-slice enhanced image, and work Wil] continue in thié direction.
These results will lead to improvgdlrecreatfonal pfanning of all types

in areas where an environment may be easily damaged.

7.4.3.3 Mapping Montane Veéetation - A Methodological Revision

A previous NASA-fundéd study developed a méthod(of ﬁsing CIR
imagery to identify and map montane vegetatioﬁ in southern Califprnia
(Minnich, Bowdén;‘Peasé, 1969) . An addendum to the original study
which was produ;ed in fhe 1971 annual report hés been expanded this
year under NASA support into a more detailed and sophisticated
,methodolbgy.for vegetative mapping using remotely sensed imagery.
The entife system is too lengthy to reproduce as part of this report.
Howevef, the following synopsis with examples should'illustraté'the
utility and potential accuracy of this metﬁodology. The regioﬁ fér.

which the methodology was deve]oped is limited to southern California,

7-72

I P



/
but the application potentiJlnof this tethﬁfque extends to any brush
or tree-covered area for whicﬁ there‘is high-altitude imagery.

In_.the study-of ehe—San»Bernarano*Mountains the most effective
use of CIR was found to be as a basicAdata source. Whereas previously,
either due to limited coverage of aerial imagery or due to underlying
theoretical constraints, CIR was only an accessory to montane vege-
tation mapping, this study utilized the film as others use a field
survey. The field sureey yie!ds information upon which the vegetation .
analyst bases his classificatiqn. In this mapping methodology, only.

data which could be extracted from the Tmagery was considered signi-

ficant to the development of.the classification.

" .Recently, a 7;5' qqadrané]e_was mapped_?n greater detail than
prevfously. fhis mapping has extended and'revised.Mr. Minnich's
classification. 4Figure.7;l7 illustrates the formulation of the class-
ification.énd ﬁhe ihportaqt parameters by which each class may Ee
identified. Texture; phys iognomy, .seasonal variation, -and traditional
photo-intérpretive clues have been cited, as well as the false color
.signature of‘C1R. lf is these characteristics,-fn concért;'found
throughout‘the étudy area; which‘yield consistent‘déta for the.
‘classification. | |

The "Family Tree" céncept (Figuré 7.17) demoﬁstrates how the claés-

)

ification grows from single species identificétion or muifip]e species

identification. For example, the unit of coastal sage has a distinc-

“tive signature. The species within the unit are not separable. The

~distribution of the unit is of sufficient size at the scale.of mapping

to.warrant a class. Similarly, the species Ceanothus crassifolius,

Rhus laurina and R. ovata may be identified in association but not as
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separate speciest These species are found in the study area only with

Adenostoma fasciculatum. The combination is mapped as Cg. Adenostoma

fasciculatum is found in association with the three species mentioned

above but its signature is unique in this environment. Where Adenostoma

fasciculatum is found without associates, it can be mapped as Caf.

Communities by

Munz (1965) - Species identified Associations
COASTAL SAGE Artemesia Californica -=-) CS --- COASTAL SAGE
: Encelia farinosa -------- ) .

Adenostoma fasciculatum -- Caf 4—)CHAMISE-- CHAPARRAL -

Ceanothus crassifolius) - - "~ )Cg--SOFT CHAPARRAL
Rhus laurina _ ) mmmmmmeee ) , o
Rhus ovata . )

Figure 7.17. "Family Tree" (Vegetation Classification {1lustration)

- As overlapping distributions become more complex,-the "tree'
becbmgg,mqlti-branched, But'the principle remains the same. Single
species may combine to form separate and distinct clésseé with ﬁnique
distributional characteristics. )

-Accuracy-in vegetation identification from éfeél transparehcieéi
is fundamentally dependént on whether the>photographic_scaleAallon‘
plants to Be recognizedlihdividualy or en masse. vapfants cannot be
individually resolved, or are more easily identified by populatioh,
“"impurities'" will undoubtedly appeaf in the classification system and
in areas démarcated. in the latter circumstance, inaccuracy can be
reduced by sample inspectfon of individuals. Where plants are foo
small to be resolved, the most outstanding omissions result frém incon-

spicuous species which are rarely abundant but may be widespread in

distribution. For example, field observations showed the shrubs
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Prunus ilicifolia, Rhamnus crocea, and the yucca Yucca whipplei to be

-widespread but unmappable'species of the chaparral-association.
Other.difficulpies stem from distributional variations within
eacH égsociation. Species which occur in concert are referred to as
multiples. Each species within a multiple méy appear in any proportion
and some may be entirely absent. On the otﬁer hand, color and téxtural
signatures of é multiple are a result of distinctive léaf reflectance
properties.and morphological features of the species in concert.- Ad-
diti§nally, the likély possibility that monoeciqus stands formed from
ény'one of the constit;eﬁt séecies would be identified separateiy from
imagery implies that a multiple reflects a thorough species mixture.
Horton's observations of Upland Cénifer Forest, for example, indicate

that constituent species of the coniferous tree multiple (Pinus ponder-

osa,'g;;jeffreyi, Abies concolor, and Libocedrus decurrens) are widely

distributed throughout the area he mapped (Horton, 1965).

The theoretical need for transects depends 6n the accuracy re-
quirements of the map. At.the broadest level, each assocjation should
have representative transects tﬁroughout-its range‘(though bgyohd:the
“scopé of this fnveéffgétioh) to éonvince the reader that certain species
- actually exist tégefher. A transect across thé film is alsq real,
sfnce the map is ba;éd on ihagefy patterns. Not only can one designate
overlap of speéies ranges, buf also can identify plants either to the
single or muitipie level. Even unmappable.isolates that are '"'im-

purities' ‘to the prevailing association may be separated.
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7.4.3.4 Yucca brevifolia: Distributional Factors and Use for
Detection of Near-Surface Moisture Retention

It was our intention to isolate the major controls which govern

the distribution of the Joshua tree (Yucca brevifolia). For the purpose

of this preliminary investigation, we focused upon areas of'l; brevifolia
which were.within two hours driving time of Riverside, California, and
chose for. detailed study only those sites which appeared to have the
most dense and hea]thy stands of Yﬁcca. Thus, the sites studied probably
possess optimal physical conditions for the plant'§ sﬁrvival, The fol—
~lowing_ discussion centers on climatic and edaphi¢ parameters, para-
meters felt to be of primary importance, at leasf within the study area.
CLIMATIC PARAMETERS |
Témperature o
The California desert is generaily described as hot and dfy, but
on a transect through the desert one notices disfinct'vegetation changes;
changes resultiﬁg from climatic variations and associated edaphic con-
“ditions. Accordingly,'crimétic parameters wefe considered basic to
this investigatiqn. Initially, temperatures were aﬁalyzed in orqer to
determine a possible re]a;ionship between climatic temberateness and
the.dist}ibution'of'l;_b;evifolia. This analysis was abandoned due to
paucity of data needed aé specific locations. Temperature factors do
come into play. in two respects, however. First, the Yucca seed germi- .
nates in warm to hot temperatures, and second,. the Yucca appéars to
require the relativély cold winters characteristic of the high (Mojave)
desert. These factors allow for a general delimiting of the Yugca'é
domain, in California, as portions of the high desert. Coﬁsiderations

of temperature then gave way to moisture analysis.
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Moisture N -
The high desert, élthough always deficient of moisture by defi-
“nition, does receive a significant pefcéntage of its meager precipi-

tation during the high sun season. Both the Gulf of Mexico and the
Gulf of California represent source regions for maritime tropical (mT)
air masses which influence the desert during the summer season.
Maritime trépical air possesses two distinguishiné characteristics:
warm temperature and moderate to high moisture content.

Circulation patterns and the usual thermal low pressure system
developed over the desert in summer initiates influx of this mT air.
dnce over the strongly heated land surface, convective processes are
triggered. In contrast to the low (Colorado) desert, the high desert-
complements this convection with orographic influences. Résulting
summer precipitation in tHe Mojave; intense but scattered convective
storms, coupled with thé desert's sparse winter cyclonic precipitation,
“leads to a degree of bimodality in the precipita;ion regime of high
desert stations. These stations receive a greater percentage of their
total precipitation during the high sun seascn-than stations located

‘within the low desert. The following figures serve to illustrate

this characteristic:

Percent of Total Average
Selected Stations Precipitation Falling Annual
(elevation) April-September Precipitation
High Desert
(1960-1971) ~
Joshua Tree (2,730 ft.) 40 percent 4.8 inches
(1961-1971 incomplete) ‘
Mountain Pass (4,739 ft.) 47 ‘percent 6.4 inches
(1961-1971)
Twentynine Palms (1,975 ft.) 60 percent 3.6 inches.

(continued on next page)

7-717




Percent of Total - Average
Selected Stations Precipitation Falling Annual
(elevation) .- April-September Precipitation

Low Desert
(1961-1971)

Palm Springs (411 ft.) . 18 percent k.6 inches
(1961-1966)
Borrego Springs (625 ft.) 24 percent ' 3.1 inches

Not all stations located in the high desert show this large a percentage
~of summer precipitétion; _Some stations are located in areas.which té-_
ceive moisture by surface and subéurface flow (e.g., at the base of the
San.Gabriel or San Bg%nardino Mountainéj.

The primary factor governiﬁg the disfribution.of X;_brevifo]fa
in the area studied is the availabilfty of water during thé high sun
season (the season of seed gefmiﬁation). To be sure, not éll_areé;.in
the high desert whiéh rgceive'suﬁmer précipitation have Joshua trées; :
Thus, attention must then'focﬁs on edaphic conditions. |
EDAPHIELEARAMETERS

In an effort to isolate any edaphic factdts which might control
the distribution of !;_brevifolia (Joghhé Tree), soil.samples'Were_.
taken during the course bf_a series of-transécts'acrOSs Yucca coré
areas'andvadjaceht sitesfnot vegetatedrby Yucca. Preliminary compar-
isons of the Yucca-bearing soils and the non-Yucca bearing soils
(Figure 7.18) were then made, while keeping all other (noh-edaphic)
variables as nearly constant as possible, although future investi-
gations are planned, in order to verify further the fol}owing tenta-
tive conclusions. ‘

Soil pH ranged from 6.8 to 9.0, with both the median and the mode

occurring at about 7.8. However, pH values did not vary in any
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systematic way with Yucca v. non-Yucca site locations. "Thus, within

the broad ranges of pH tolerance of the Yucca, which includes at least

N
~ "the span 6.8 to 8.2, soil pH does not seem to be a critical factor

governing Yucca distribﬁtibn.

Similarly available soilinutrients also seem not to be Significant
relative to Yucca distribution. It was thought initially that avail-
. able base nutrients might account for the éomewhat random occurrences
oi Yucca, éspéﬁiaiiy wifh respect to the.preéent regionai juxtaposition
of surfaces exhibiting ''soils' of Recent and (more_humid) Tertiafy
'pedogénié regimes. Although consideration of time and expense pre-
cluded precise, quantative evaluation of available soil nutrients,
microscopic examination of soil minerals revealed aii‘soils in this
area to be ;he product of the decomposition of’granific bedrock and,

except in the case of alluvial horizons with wadis or on fans, to be

in situ. The Tertiary ''grussoil'’ was identifiable on the basis of being
more arkosic than the less-extensively weathered Recent grahitic debris.
However, the distribution of Yucca core areas did not coincide with

the distribution of Paleo and Recent soil surfaces.

Textural analysis ofvthe soils, thever, proved to be very Qseful
and enables the determination of ‘the edaphic factors regafding Yucca
growth. Figure 7.18 summarizes sbil texture at the sites anéiyzed
in this study. |

Non~Yucca soils are reasonably.well sorted, while the Yucca-
supporting soils are bimodal, with maxima in the mediﬁm-coarse sand
and silty clay fractions (.758 and > 4p88). This textural Eomposition,

obviously, is highly moisture-retentive and understandable -as
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SI'TE SUMMARY

SOIL TEXTURE

SAMPLE SITE LOCATION VEGETATION SAMPLE SITE LOCATION VEGETATION SOIL TEXTURE
1 0ld woman Springs: Creosote; Well-sorted: 16 Joshua Tree National No Yucca; Well-sorted:
wash slope above playa no Yucca F. sand max. Monument: alluvial fan Creosote C. sand

. above Twenty-Nine Palms S
2 Waller Road: Creosote; Wel;-sorted: . -
: less than 3000' desert sage Med. sand 17 Joshua Tree: same fan Dense Yucca Bimodal: C.
' . sand, silt
3 Landers: top of bank Yucca Bimodal: C. . o )
: of first oued sand, clayey 18 Joshua Tree National Dense Yucca Bimodal: C.
silt maxima Monument: basin above o sand, silt
fan
4 Landers: bottom of No Yucca Well-sorted: -
first oued . ) Med. sand. 19 Same basin: clay playa No Yucca Well-sorted:
T . clay
5 Interfluve between Much Yucca Bimodal: C. -
two wadi sand, clay = 20 - Yucca Valley Much Yucca Well~-sorted: .
silt maxima o : ’ C. sand
6 Pipes Road: Much Yucca  Well-sorted: 21 Morongo Valley No Yucca Bimodal: C.
bottom of second oued Med. sand : sand, clay
7 Pipes Canyon: 6250' Much Yucca Well-sorted: 22 Highway 138: past Yucca; Bimodal: C.
C. sand Wrightwood turnoff Juniper sand, C. silt
8 Pipes Canyon: 5000' " -No Yucca Well-sorted: 23 ‘Highway 138 Sparge Yucca; Well-sorted:
C. sand " Creosote F. sand
9 Pipes Canyon: 4650°' Yucca Well-~sorted: 24 Highway 138 Creosote Bimodal: C.
C. sand sand, v.f.
. sand
10 Pipes Wash: at Yucca .Well-sorted: :
windmill, ¢. 3510' C. sand 25 Highway between Yucca Well-sorted:
- : : . Palmdale & Lancaster Med. sand
11 Pipes Wash: below No Yucca Well-sorted: ' ' "
windmill, ‘¢, 3500 C. sand 26 Same area No Yucca Well~-sorted:
- . : Med. sand
12 Joshua Tree National No Yucca Well-sorted: : . ) :
Monument: under 3000’ C. sand 27 Depression at Site 25 No Yucca Weél-sorged:
. o - . V.f. sand,
13 Joshua Tree National No Yucca Well-sorted: silty clay
Monumént: under 3000* Med. sand
14 Joshua Tree National .. Cholla Bimodal: C.-
Monument ’ sand, silt . . .
: : : " N.B. "Yucca" refers only to Yucca brevifolia
15 Joshua Tree National Bimodal: C. T : : )

Monument

Dense Yucca

sand, silt

Figure 7.18. Comparison of site parameters on Yucca-bearing vs. ndanucca-bearing soils.
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‘Yucca-supporting (as opposed ‘to the well-sorted soils) if the upper

a élimatically tense environment in which

Mojave Desert is accepted as

X;;BééQiééliaifs able to survive only where there is availablé suf-
ficient soil moisture. Soil moisture thus becomes the limiting factor
gerrning Yucca distribution which, in turn,'is controlled by'soil
texture, given a certain minimum of precipitation. Witﬁin certaiﬁ
extremeé, soil texture is only important where optimal'éoil hoisture
is required for Yucca survival.

| Precise soil moisture determinations were performed with the’

aid of a soil resistivity meter which, although unable to discrfminate
between the very dry Yucca core areas and nOn-Yuccé areas, did revealA
a largé amount of availablevsoi] moisture in the bottom of Pipe's
Wash. Even though soil texture is not ideal for. Yucca, subsurfaée
flow in the wash from the San Bernardino Mountains.permits Yucca
.growth. .‘

' The sighificance of optimal soil conditibnS'fpr‘moisture'reten-
tion is additionally confirmed by the faﬁt that I;_Erevifolia tends
not to occur on pédimeﬁted shrfaces, on which the depth to bedrock |
“very térely‘excéeds ohe‘mebef."Tﬁere simply is insufficient grouna-
water to support Yucca. The Yucca distribution patterns along the

interfluves in Pipe's Wash further delimits this relationship, for

Yucca avoids the dense in situ grus ridges sitting on grahitic bed-
‘rock, ‘while proliferating in the alluviated interridge basins.

. CONCLUSION ' -

The distribution of Yucca brevifolia clearly is a relict:one.

"Yucca occurs only where soil moisture conditions are optimal. Air
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masses are the overriding parameter governing this distribution.

In most areas precipitation is just sufficient to enable Yucca to
survive. Thus, Y. brevifolia occurs in soils with a bimodal texturai
.composition, which facilitates maximum soil moisture retention. The
corresponding physiographic environments are identifiable on both U-2
and ERTS-1 |magery Present research involves the potential for map-
ping general textural compos»tlon of desert surfaces from the above-

mentioned imagery.

7.4.3.5 Planning Archaeologlcal Field Research in Coachella Valley,
"California With the Aid of Remote Sensing :

Sixty-five years ago two aerial photographs taken by Lieutenant

Al

P. H. Sharpe of the British Army while on a routine mission in a‘war'

balloon found their way into the journal Archaeologia (Capper, 1907).

These bhotographsldepicted the megalithic. ruins of Stoneﬁenge’on
Salisbury Plain. 'Since thet time, archaeoiogy-and archaeological -
methodology haQe‘been'viewed_through a different set of lenses, and
the important field of aerial archaeology has contribdted signifi-
cantly to its parent discipline (Deuel, 1970). The contributions of
aerial archeeology have;been in two primarj areas. The first of these
has been in permitting aerial views of ruins or other ground phenom-
ena such as the strange markiﬁgs in the Nazca Valley of Peru (Kosok,
1947; Kosok and Reiche, 1949) and in the California deeert (Seleer,
1952) or the ridged fields of Colombia and other South Ame?ican
countries (Denevan, 1970). Second, aerial photoéraphy has aided in
the detection and recording of suspected but unknown arcﬁaeological
remains (Gummerman and Lyons, 1971). This brief paper discusses a

third, more fundamental application of aerial photography to
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archaeology, that of p]anninb.archaeologicél field research, and using
environmental surrogates to lécate potential archaeologfcal‘sites.

Recent advances in archaéomegrx (Michael and Ralph, 1971) have
made it relatively easy to date many archaeological assemblages and
thereby establish culture chronologies, and American archaeologists
have directed their efforts more and more toward solving problemsvof
cultural dynamics (Martin, 1971). It is to be expected therefore that
certain research prob]ems can be pursued in some regions but not in
others. Since archaeological resources are non-renewable, tactical
proﬁ]ems arise when critical]y important regions are being irrevo-
cably altered by the spread of intensive égriculfure, urbanization, or
other forms of development which destroy the contextual association
- of archaeological remains. In such cases fieldwork can be more econ-
omically conducted, with respect to both time and money, if_the
undisturbed portions of the landscape can be ideptified prior to going
" into the field.

‘An.example of planning archaeological fieldwork with the aid of
aerial photography is the Coachella Valley archaeological project of
the Arcﬁaeological Research Unit, Department of Anthropology, Uni-
versity of California, Riverside. The project is designed to in-
vestigate the adaptive alternatives employéd by late prehistoric‘
populations to conditions of environmental deterioration. The project
is regionally specific in that it demands a setting which underwent
..environmental deterioration in the absence of significant climatic
change. This specification is necessary because the impact éf climatic

changes on prehistoric human populations through varying the abundance
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and distribﬁtion of critical food resources is at‘present difficult
if not impossible to assess. Coachella Valley, California provides
such a setting in that its lower end was innundated during the
Christian era by fresh-water Lake LeConte (B]akg Sea, Lake Céhuilla)
for a probable minimum of 1,000 years (Hubbs, Bien, and Suesé,-]965),
The lake was féd by the Colorado River, and finally began to decreasé
in size when the river fé-routed itself énd’flowéd'dﬁréétly into the
Gulf of California some‘four or five hundred years ago. The pre-
- historic ]ake-dwel]ers,‘who had previously existed on the rglativgly,;
gtable-and abundént lacusfrine resoﬁrces_inc\uding fish, shellfish,-
waterfowl, and aduatic pIaéts, were then forced efther‘td adapt to
new environmental conditiéns andva complete reliance on non-lacustrine
food resources or migrate from the area, possibiy to coastal gouthefn
:California (Aschmann, 1959). 1t was conceived‘thaﬁ certain of thé
adaptive-alternatives eﬁp]byed by the Iake-dwel}ing'ﬁopulafion
would be apparent in the archaéological rgsidues of campsites along'
the lakeshore and on retessional.shorglines which date to the final
desiccation of the lake. The problem was %hen-one of isolating intact
portions of these shoreﬁinés. | | |
While extremely a;id, the Coacﬁel]a Valley today, like the
Imperial Valley to the south, is a.region of intensive year-round
agriculture. |Irrigation water is largely derived from the Colorado
River and enters Coachella Valley through the Coachella Branch of
the All-American Canal system. |In Coachella Valley, much of the

shoreline of Lake LeConte and the archaeological sites along it were

destroyed during construction of the Coachella Canal. Since the water
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is largely distributed throughout the valley by gravity flow, it
has been necessary tO'bench:ievel much -of the valley floor below the.
elevation of the main canal. Thus, a brief review of modern agri-
cultural practices in Coachella Valley (Nordland, 1968) made it
apparent even without a photographic survey that a significant
portion of.the valley floor including much of the Lake LeConte main
shoreline and recessional shorefines, aléng with the associate&’ ’
archaeological materials, had already been obliterated by ”progfess”.
In order to isolate the undisturbed portions of the valley floor
thch might yield the types of data required by the research desigh,
and thereby most efficiently plan an archaeblqgical survey, it was
necessary to consult recent aerial photographic coverage.

A series of NASA cdlor infrared transparencies, scale 1:131,000,
1:120,000 and 1:60,000 served as the data base. An example of this
.photography is illustrated in Figure 7.19. These photogréph; proved
quife satisfactory for isolating the desired undisturbed areas of the

valley floor. On the.valley floor propef, it was in most cases

- -possible to ascertain from the general appearance and maturity of the
“natﬁral” vegetétion whether areas in question were actually undi-
sturbed, or whether they had once been under cultivation and sinée
withdrawn from production. Areas meeting the requirements of the
research design were located on United States Geological Survey

7.5' and 15' topographic maps, which were then used in the field

during intensive survey. Several hours of time spent in the labor-

atory examining the photographs was more than sufficient to locate
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Figure 7.19. 1972 U-2 photograph of a portion of the Coachella
Valley (cf. Figure 7.20.).
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al]'potential survey areas in the valley, a task which would have

required several weeks at great expense in the field. Figure 7.20

is a map which was developed to_aid the field archaeologist.
Since the éoverage depicted the landscape as it currently
.appeared, it permitted a more accurate assessment of the potential
for archaeological researchvthan the only other fairly recent
coverage which was available (Un{ted Statés Department of‘Agricul-
ture photographs flown in 1965). 1In only one instancg had an area
‘selected for intensive survey been developed before field work was
started.
-While a larger than_regional scale would have been desirable
‘for fheiaCtual location of such.aréhaeological features .as rock
»aiignments,‘foot trails, fish traps, house rings, etc., which were
u]t}mate!y loéated during ‘the intensive field surveys, the éma]ler
scale proved more than adequate for delimiting those areas with;
archaeolqgicélnpotential. Generally .speaking, the smallef scale
-was*pnobab]y‘best-since the image could be enlarged 8x and vfewed
stefeoscopically‘with the available laboratory facilities; while
permitting a broader véew'whiéh allowed eésy orientation and -thus
saved time,
This aspect of aerial archaeology, the actual planning of

archaeological survey, and the use of environmental surrogates such

"
‘

as landforms or vegetation to indicate the location of potential

sites is of greatest utility to archaeologists whose objectives

require them to work in regions that are either substantially

»
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Figure 7.20. (See facing page) This figure shows a portion of the
floor of Coachella Valley laid bare by the recession of Lake LeConte
400-500 years ago. Archaeolégica] sites occurring on undisturbed
portions of the exposed lakebed and lacking evidence of wave action
are‘therefore'datab]e to the recessional and post-recessional period,
and should yield the most direct evidence of the adaptation from
Iacustrine to xeric conditions. The east shoreline of the lake has
been obliterated here by construction of thé Coachella Canal.

Lower portions of the lakebed were innundated by the Salton Sea

rise of 1905-1907. Most of the lakebed shown here has been seriously -
disturbed by agricultural potential‘for'the present research design,

as indicated by hachure (undisturbed areas).
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developed or that are in the process of being quickly developed.
Archaeological surveys of such regions can best be conducted, max-
imizing data recovery, yet keeping field expensés_to a minimum, if
planning with aerial photographs becomes an integral part of the
.methodology. | |
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7.4.3.6 The Deformation Characteristics of Hill Slopes and Channelways
in Two Different Environments as Depicted by Remote Sénsor
. Returns . . >~

Mass movement of slope materials in response to concentrated
rainfall runoff occurs in all environments where high intensity rains
are characteristic of the climatic regime. The type of mass move-
ment varies from locality to locality, but generally the dominant
‘forms'are'those of slide and flow which proceed rapidly downslope
once initial merMent begins. In this investigation onlyAtwo rap{d
forms of mass wastage phenomeha are considéred: (1) mudflow, and
(2) debris avalanche.

This study resulted from investigations into the effects of heavy
rainfall and associated runoff on slope and channelways in two widely
separated geographical areas: (1) the Appalacian Mountains in
central Virginia, and (2) the San.Bernardjno_Mountains in southern
Caiifornia. Climatica]]y; the two areas are characterized by mark-
edly different precipitation regimes,although'rainfall infénsities.
attain simi]aramagnitudes'in both environments. Abnormally high
.'preﬁfbitation yfélas associated with unusua]]y_iﬁténse'cyé]onic'
‘storms dﬁlécéur, althbdgh fnfrequently. 'Theﬂhigh intensity réinfall
and subéequept heavy runéff associated with these severeAstorms often
result in extensive damage to hill slopes and channelways within
the drainage basin affected by the storm. The damageAis especially
noticeable in the headwaters of these drainage basins;

A remote sensing approach to asséssing the extent gf f1ood
damage to hill slopes and channelways in the two study areas mentioned

above was undertaken for the purpose of describing the details of
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the areas affected and fof mapping>the distribution of damage done.
This approach eliminated the expenditurg of large amounts of money
and time fn the fiéld gathering data. Field inspection, however,
was carried out in both areas for the pﬁrpose of spot-éhecking and
substanfiating information extracted from the aerial photographs.

fhe basic premise of this study'is that aerialrphotogfaphs
éan supply detailed information*ébout’hfll slope and channel defor-
mation resultfng from heavy precipitation runoff associated with
high intensity étorms.- ThrouéH an examinati&n of anélytical air
photo procedures and their app]ication>to a study of mass wastage
phenomena, the fdllowing objectives were identified: (]) to des-
cribe the character of the dominant-mass_wasfage form found in two
different geographical areas; (2) to develop criteria for recognizing
and identifying the domfnant ﬁass wastage”for@s in an area; and (3) to .
“compare the éffe;ts of storm damage in the two areas of study. |

Qgper Wildwood Canyon

Wilonod Canyon ‘is locafed_in San Bernardino County, California;
the enfrance tb fhé Upﬁer Wildwood Canfon watershed being 7.5 miles
‘north of the city of B;aumdnt, Caljfornia (Figufe 7;21); The Upper
Wildwood Canyon watershed is éhown on the San Gorgornio Mountain,
Célifornia topographic quadrangle (S.W.R.), 1;62,500 scale. The
wvatershed is void of population: hence there was no damage to
structures or loss of life.

The watershed encompasses an area of one square mile (abbroxi-

mately). Rocks which underlie the basin are igneous and meta-igneous
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and support slopés which are moderately steep to steep. Soils
within the watershed are generally tﬁip with al]uQiQﬁ and colluvium
attaining considerable depth near the Channélways. Vegetatioﬁ cover
within the watershed is moderate fo sparse, consisfing of graéses,
chapparal, and scattered stands of éak. | |

_ Heévy rain persisted over fhe Upper Wifdwood-Canyon ;egion
during'Jar;uary.an:d February, 1969. Alluvial and colluvial fill in
the main.chanhei of Upper Wildwood Canyon watershed'col}absed as a
~result of heavy rains which occurred over the Qaférshed on february 25,
1969. Steep.slopes, scéttered végetation cover, and thin soi}s éharf
acteristic of the‘watershed'faciiitated‘the runoff of wéter associated -
with ﬁhe storm. Rapid accumulation of runoff waters'ih the main
channelway apparently permeated these channel deposits and after the
' saturation point was reached, the valley fill'collapsed (Figure 7.22).

The-gyperf mass movement whi@h o;curred jn the upper watershed
‘of Wfldwooa Canyon-can~5e descrfbed a$’a mudflow. = This pre,of.massA
movement is common in semi-aridreéioﬁ§>where}ﬁhere is: (1) abundénf
but fntermitten# watergsupply; (2) absence of any SUbstantiél vegé-
Vtatibn cover; (35 uncogéolidated matefia]'édntaining enough ﬁfft or .
clay to aid in lubrication 6f the méss; and (h),moderately stéép
slopes (Sharpe, 1960). -
The long axis of the Upper Wildwood Canyon drainage basin is

oriented northwest by southwest. Topographically, the basin fs.

“asymmetrical, with the trunk stream oriented parallel to the basin's

long axis and located near the west and southwest drainage divide.
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Drainage lines west and south of the main channel are short compared
to those draining the northern and eastern part of the basin.  Many
of these longer, south-flowing channels show considerable entrench-
.ment a]opg their lower courses. Consequently, their channels are
lacking in éxtensive accumulations of alluvial and/or colluvial
_ maferials.

These-longer chanﬁels.with fheir reduced gradients, by and large,
are discordant to the méin chénnél at their juhctions. This, gen-
erally, isAnot trué of thé shorfer and mdre steeply gfaded streams
draining slopes west ;nd south of the main channel. In the latter
- instance, thg considerable deepening of the main channel durfng the
mass movement of.runoff water through the.595tem was responsjble
- for the coliapsé of part or all of several of these tributary
channels. In this manner, accordancy Qasvéstablished at their
Junctions with the'main channel. |

One exception of.significance, however, needs to be mentioned.
The-chaﬁnef finl ih'Valfey 1 cé]lapsed'dﬁfiné'the sfbkﬁ.of Féb;
ruary 2, 1969, while the chahne] fill in V;iley‘Z-d{d-not;‘ Invfﬁéir |
pfe-étorm state both Ffibutary‘channels‘displéy.éééordancy td tﬁgi 'A
" main channel. Both are of similar lengths and have similar créss—
seétional asymmetries and contain similar amounts of alluvium and
colluvium. Their respective vegetation patterns are similar. These
similarities occur both on their channel floors and on their adjacent
side slopes, although Valley 2 contains more large trees onAi;s

'

steeper side slope than is true of Valley 1.
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There are dissimilarities between the two valleys which this

- investigator believes to be contributors to the fact that Valley 1
collapsed and Valley 2 did not. While their overall lengths are
similar, their basin shapes and their adjusted individual tributary
drainage nets‘differ. Valley 1 has two distinct lateral tributary
‘channels draining the south slope, both of which partially collapsed
duriné the storm of Januar? 25, 1969, while Vélley 2 has no distinct
lateral tributary channels draining its side slopes.

O0f equal signiéicahce to established lateral tributary channels
as a contributing factor to the sediment collapse of Valley 1, is
the geometric form 6f this valley. While Eoth valleys are asym-
metrical, with steep south slopes, the valley heads are markedly
different. Form lines which show the general siope configuration
within the valleys are arranged so that surface runoff is more
highly concentrated at the head of Valley 1 and éf the heads of the.
‘two lateral tributaries than in Valley’Z._ This‘conCeqfration'of
surface_f]ow around_thglvalley andjtributéry heads ianalley 1 rep-
resents a gfeatgr concgntration of erosional energy in these areas,.
which might explain, in part, why the valley fill collapséd, This
is not to imply, howe?er; that the points of initial failure occurred -
at the valley and tributary heads, since it is probable that such
‘failures are transmitted both up slope as well as down slope. ’Rapid
removal of the valley fill in the main channel could have initiated
the collapse of the tributary fill. The heavier stand of vegetation -

on the south slope of Valley 2, the absence of sizable lateral
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tributaries and the lower concenfration of erosional energy around
the valley head might be considered as contributing factors in
explafniﬁg'ﬁhy Valléy 2 did not -collapse.

A sketch map based oh>information extrqcted from the aerial
photographs depicting the Upper Wildwood Canyon mudflow aSove the
coilapsed tributary channel (Valley 1) i§ shown in Figure 7.23. The
conéentrated overland flow of wate} during the ﬁéak bf storm'runbff |
islnoted'by the numerous minor depressions lateral to the main chénf
nel. These dépressions refject inlthe.concave (channelward).scarg
formed in the channel bank throqghout the entire length of the main
. channel (south prphg) on the southwest, and along the channel banks
of the northernvprong where channél entrenchment is maximum.
| Figure 7.24 showsvthat_not all of the channel fill (alluvium-
“colluvium) was removed by the mud f 1ow generated by the storm. Only
a single tributéry (Valley 1) collapsed throughoutAifs enfife length.
‘Partial collapse of channel fill occurred'fp only three tributarieé-
godth of thé main chanhél and upétreéh from Valley 2. Much of the
roadway (pre-storm) whi%h followed the south bank of the main chén-
'nel was dést?oyed by the mudfiow. A new road constructed after fﬁé
storh foliows the north bank of the main channel. Remnants of the
old road are clearly visible on the post-storm imagery.

Criteria.which were developed in this investigation for the
purpose of recognizing and identifying mudfiows are as follow§:

1. The flow is linear in plan but sinuous to the extent fﬁat

channel configuration controls its general form,
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2. Vhere the movement of materials is coAtrolled by channel
confiéuration, one or more chgnnel_bifpr;ations are noted,

3. Tributary channels which contributed fheir channel fill to
" the mudflow are accordant with the main channel at their junctions,

L. Unaffected tributary channels display discordancy at their
junctidns with the main channél,

5. On both Ektachrome infrared and on black-and-white photo-
graphs, the trace of the mudflow appears light inAcoﬁtrast to Aarker
colors reflecfed by surfaces adjacent to it, and

6. Crescent-shaped scars along edges of the‘chaﬁnel bank, with
their concavities oriented'channelward, reflect in junctions with the
main channel of small hill slope depres§ions which direét runoff
waters into the main channel.

Davis Creek

“Davis Creek‘is located in western Nelson County, Virginia approx-
imatejy 30 miles southwest of Charlottesville (Figure.7.21). Tﬁé- |
entrance to . the Davis Creek watershed is 5 miles north of’tﬁe town of
LOanésfon, Virginia topographic quadrangle (WCR), 1;62,506'sca1e.

The Waﬁefshed encgmpésses an area of nine square miles. Rocks
which underlie the basin are igéeous and meta-igneous types and
support slopes which are moderately steep to steep. Soils in the
area are generally thin on the more steeply sloping land with
.alluvium and colluvium attaining consideraSle»thicknesses on the
lower. slopes and within the major channelways.

Rainfall over the watershed was intense during the storm of

August 19 and 20, 1969. The deformation of slopes within the
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watershed resulting from precipitation runoff associated with this .
storm was extensive. Since the watershed contained considerable
. population, damage to property ana loss of life were heavy. Prac-
Vticaliy every channeled hill slope and drainage way within the water-
shed}was éffected (Figure 7.25). The debris avalgn&he_representéA
the dominant mass wastage form found in the study area,AalthOugh
flood plain damage was extensive. In additién,_numeroué soi]us]ips.
and other minor forms 6f mass mévement were observed on many normal
sloées within the waﬁershed.-, |
The debris avalanche,'accofaing té Sharpe (1960), has
. a long and relatively narrow tréce,‘occufs on a steep
mountain slope or hillside in a humid climate, and is almost
invariably preceded by heavy rains which increase the welght
of the unadjusted material and aid in its lubrlcatlon
Hack and Goodlett describe the details Qf debris avalanching énd fhe
development of chutes in thé headwaters of North River during a storm
which occurred in JUneﬂ'l9b9 (Hack'an& Goodlett, 1960). A similar
describ#ion of Ehute déve]opmeﬁt in Nelsbn»Couﬁty.resulting from the
storm of August, 1969, is given by Williams and Guy (Williams and
Guy, 1971). f |
| The Davis Creek drainage basin is.oriented nértheast by southWeSf
and is asymmetrical in cross séctiona] form. Rainfall over the watef->
shed on August 19 and 20, 1969 was extremely intense and mu;h of the
tdta] rainfall recorded fell within a period of eight.to ten hours
(DeAngelis and Ne]son, 1969). Peak runoff was reached in.the,earl9
morning hours of August 20 and damage to hill slopes and chénnelways

occurred at this time. As previously mentioned, damage to hill
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slopes and to channelwayé was»severe. The prestorm floodplain of
Davis Creek was diérupted throughout its entire length, and ;oarse
debris from cdl]apsed trfbutary channels was transported considerable
distances down the main channelway from their respective tributary
junctions. |

.Col]apse 6f the channeled hill slopes in-the Davis Creek water-
shed resulted-in the }emoyal, in préctically every case, of both
vegetation and residual soil and/or saprotite, leaving the ﬁnderlylné
bedrock ;urface exposedT -The exposure of bedfock_jn these_co]lapsed.
channelways reflects;in generél, the drainage‘net of the.baQis Creek
watershéd; cﬁanﬁel ﬁoi]apse on hill slopes,_inﬂother'words, was eséen-
‘tially complete. -The.debris'ava]anche, which accouﬁted-for much of
the damage to hill glopes'in Davis Creek, is the doﬁinant form of ‘mass
wastage found throughoﬁt the storm affected area inrwestern Nelson
County. The debris avalanches found in the stqdy areé vary in geo-
metric form from the single exposed bedrock lfﬁear form to multiple -
branqhing'forms. |

.Crfteravdéveloped in tﬁis study for the purpose of aidihg the -
interpreter in recognizing and identifying debris avalanches are as
follows:

1. The typical debris avalanche is lineariin plan, being
generally long and narrow,l' |

2. The avalanche scar (chute) most often appears as a surface

depression on high angle slopes,

3. Some weathered material may remain on the scoured chute

surface, : S ~
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L. ‘Materials from the debris.avalanche'may enter:established
Vgrainage chgnnels qu aidvjn exposing:}heir bgdrogk floors,

5. The pattern at the head of the chute ranges from a fan-
like exposure to one which is serrate, and

6. Extensive debris avalanching is adjusted to the local
drainage net, and wide-spread exposures of bedrock on the channel

floors delineates clearly the local drainage patterns.

Comparison of Storm Damage in the Two StudylAreas

The dominant mass wastage form occurring iﬁ Uppef Wi ldwood
Canyoh is the mudflow, althoﬁgh on the‘higher slopes within the water-
shed a few debris avalanche scars were noted. In addition, slumping
of colluvial materials was noted at two positions adjacent to the
main channel.

In the_Davis Creek watershed, the.debris évalanche cénstitutes
-theldominant_maSS~wastage‘form; Numerous‘other forms of ‘mass wastage,
hoWever, were noted in ‘the area. These included a variety of soil |
slips and several slump forms. _

The Upper Wiidwood'Canyon mudflow extends the full length of the-
‘drainage basin. Remové] of materials was largely confined to the
trunk channel, although materials in one tributary were completely
removed and in two others partial removal of materials resulted. The
trace of the mudflow, however, as reflécted by the channelways which
show complete or partial collapse of channel ‘materials, define only
part of the basin's entire drainage net.

Since the geometric shape of the mudflow is determined by channel

position and channel configuration, the photographic pattern of the
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mudflow can be deécribed as‘consisting of a sing]e,paptern. Although
only a single mudflow occurred in the‘Uppér Wildwood Canyon watershed,
the geometric pattern_would be modified but slightly had damage to
channelways been more.g*ténsive. Channel control reflects in the
general sinuosity and bifurcated character of thg mudflow.

In the Davis C?eek area, both slope and channel destruction are
so widespread that the trace of damaged channelways, éssentially,
defines in its entirety the drainage nef of Davis Creek.» individual
debris avalanches exhibit a variety of patterns-since:practicél]y all
éuch forﬁs occur in channelways. Sinuous and bifurcated patterns are
_ the rule. | | |

The type of debris transported by mass movement in therreﬁpectivé
drainage basins is indicated by the dominant type mass wastage form
found in,each of the study areas. In Upper Wildwood Canyon the
mater?éi transported as a mudflow consisted largely of fine sandy
alluviQm and cdlluvium. iSome coarser rock pérticles, obviously, were
also carried from the headwaters areaf Deﬁrfs transported by debris
~avalanching in the Davis Creek watershed consisted of both fine gofl
particles and coarser rock fragments. This is particularly true of
" the higher channeled'siopes, where, in'éddition to soil and coarse
rock detritus, fhe forest cover was removed. Much of this hill slope
material was carried into the main channel of Davis Creek.

Since Upper Wildwood Canyon is more remote from Centeré of
population than is true of Davis Creek, no people occupied the’Upper

Wildwood Canyon watershed. Hence, no loss of life or damage to
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structures resulted. 1In Davis C}eek, howeVer, numerous homes -were
..destroyed and‘fiftyzthree persons -lest -their lives. Most of these -
lives lost resulted directly from the effects of debris avalanching
rather than from floodwaters (Kuhaida, 1971).

Precipitation released over the respective watersheds by the
storms, which led to damage of hill slopes and channelways, was
unusually High. Although no rainfall data js aVailébIe for Upper
Wildwood Canyon on the day of the storm, January 25, 1969, the Mill
Creek intake station recorded fifteen inches of rainfall on this
date.®* The Mill Creek Canyon drainage_basin is located approximately
L.5 miles'horth of Upper Wildwood Canyon.‘ Rainfall on this magnitude
undoubtedly is sufficient for the development of mudflows in the |
mountains of southern California.

in Davis Creek, record amounts of rainfall weré released over
‘the watershed during the storm of August 19, 20, 1969. Up to twenty-
seven incheé of precipitation were fecérded for a twenty-four hour‘

period, with most rainfall occurring during the ten-hour period--

-6:00~p.m;, Auguét 19 to 4:00 a.m., August 20 (DeAngelis”and Nelson,
1969) .

Damage to hill slopes in Upper Wildwood Canyon was minimal. Only
four or five slide scars in the study area were séen by this investi-
gator. Damage to the main channel of Upper Wildwood Canyon, however,

was extensive. Essentially all of the channel alluvium was removed .

*Rainfall data for select stations in areas marginal to the Upper
Wildwood Canyon was provided by Mr. William Brooner, Department of
Geography, University of California, Riverside. '
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from the main channel and from a single tributary channel. Damage to
both hill slopes and to the main chanﬁelway, however, was extensive
in the Davis Creek Watershed. Both soil and vegetation was‘removed ’
- from the channeled hill slopes and carried considerable disfances |
. down the main channel of Davis Creek. All tributary ﬁhannels were
affected in the Dévis Creek watershed, including the smaller “feédef“
hol lows.

A géﬁeralfzed comparison'of the storm-related aspects witﬁin the
two watersheds is ShéWn.in Table 7.4. | |

Summary and Conclusions

The pUrpose-of this'investigation waé to compafe, through fhe
use of remoté'sensing imagery, the effects of heavy precipftation
runoff on hill slopes énq channelways in_fwo widely separated geo-
graphjcal areas. This was accompli;hed through a-descfiptfon of the
dﬁminant mass wastage bhenomena occurriﬁg in tHe two areas of study.
Standard criteria for recogﬁizing and Tdenfiinng mass.wastage pheﬁ-
omeha (mudflows.and.debrjs avalanches) were expanded on the basis of
signatures from the'ae(%al photographé available for }nvéstfgation,

Démage to hill s]épes was' moderate in Upper Wildwood Canypn '
watershed. Complete removal of channel deposits, however, was-accomr
plished in the main channel and a single tribﬁtary. Partial ?ol]apse
of channel deposité occuréed in only three of the remaining tfibqtarjes.
The dominant mass movement form was a single mudflow.

Damage to hill slopes was.moderate in Upper‘Wildwood Can;on

"watershed. ‘Complete removal of channel deposits, however, was
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‘{ABLE 7.4 -

COMPARTSON OF STORM-RELATED ASPECTS OF UPFER WILBHOOD CA:YON
ABD DAVIS CREEK VATERSHID |
~ .- - e = = e o e e e = =
Compared Phenomena Upper “a}d\ood Canyon Davis Creek
Dominant mass wastagz form mud{1ow - debris avalanche
Characteristics of Torm- ~ channelizad; single channelized;
flow; sinuous in plan multiple debris
bifurcated; single avalanches;
pattern . sinuous in plan;
SR : bifurcated mul-
~tiple patterns
Precipitation input ' high ~abnormally high
Damage to hill slepes mederate ' - extensive
Damage to tributary channels  exiensive extensive
Fxtent of ﬁr mage largely confinzd to - mair channal, a1l
mzin channel A “tributaries, and
all "feeder"
_ hollows
Typa of. detvis “transported alluvium and alluvium-colluvium;
colluvium - regoiith cover;
' _ o - and forest cover
Structura?l damcge ana loss nons severe
of dife ' '
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accomplished in the main channél and a sing]e tributary. Partial
collapse of channel deposits dccurred in énly three of the remaining
tr{butaries. fheAdominant-mass movement form was a single mudflow.

ADamage to hill slopes and to channelways was much more extensive

in Davig Créek_watershea.' Practically every channelway was éffecfed.
Large amounts of rock waste, and vegetation, were removed from hill
Slopés within tHe,drainage bésfn. The main channel of Davis Creek

was congested with thé debris Frpm hill s]opesg Damage'to property

and ioss of life ih the watershed wéé high;_ The dominant fbrm_of

mass movement was the debris avalanche; althbugh numerous minérrformé'
of mass wagtage.océurfed'within the basiﬁ.:

Results from the invesfigation indiééte that'consideréblérinfor-

mation related fo mass wastagé.phenoﬁena can be extracted from aerial
_photbgraphs.. | |

| The. criteria déveloped from photpgraphi; fmages‘depicted by the.
availab]e-photbgraphs are'bgsed largely on>pattern; color contrést,
-and geometfic_form. Patterns are best.reflected in the debris avalénches;
‘Color contrést was helpful in differentiating both forms bf mass wastage,
‘bUt it was particularly useful in differentiaffng tﬁe col]absed:chanﬁé]s
in the Upper Wildwood Canyon drainage basin from those which were not.
»affected. ‘Geometrfc form was relfed upon most often in-recognizing

and establishing the identity of debris avalanches.A
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7.4;# Barriers. To The Diffusion of Remote Sensing Technology

This is an attempt to describe and evaluate the experjence of
two Los Angeles area governmental agencies with the application of
. remote sensing techhology used to supply information for Qrban ;na
“‘regional pTanning{ Too often, improvéments are made in thé state-of-
the-art'éf any technology, and fur£her applications are déveloped,
without respect for congtraints‘many users face app]ying these'inqo-
vations. Our objectivefis to e*amine how fhe agencies have used
remote sensing, and evaluate their experienée and results. Futgre
prospects for application are also identified.

The subjéct-organizations are the Regional Planning Commission
(RPC) and Community Analysis Bureau (CAB) of Los Angeles Cognty.and
City governments. Substantial differences exist in the orjging scoﬁe
-.and authority of their functions, tHeir4phi1050phy,,and position

within the local -political milieu .(Figure 7.26).

7-111




Zu-L

NORTH COUNTY

EAST
SAN GABRIEL
VALL

| é;mmsu-
———

[_] OTHER INCORPORATED cCiTiES
COUNTY UNINCORPORATED

TERRITORY
~—— SUB-REGIONAL AREAS
0 5 10 15 20
i ——
MAS

MILES

Figure 7.26. Both City and County_ of Los Angeles agehcies, serve jurisdictions other than their primary

selective basis, including city planning, to many incorporate cities.

jurisdiction of the County are the sparsely populated(Mojave Desert, San Gabriel Mountains (North

County sub-region), and Santa Monica Mountains (Malibu sub-region).

responsibility, the political, city, and unincorporated areas. Contract services are provided on a
Major areas under the exclusive



The Regional Planning Commission

The Regional Planning Commission administers zoning and subdi-
vision codes for the 1.1 million populated unincorporated area of Los
Angeles County (3,020 of the county's 4,083 square hi]es, largely an
urban fringe, vacant, desert and mountainlfandscape without many -
urbanized areas), andvprepares general plans and specialized stddies
for the entire tbunty including incorporated cities. State Plann}ng
Law relegated to county planning agencies the functions of plénning
unincorporated areas and coordinating cities on broad scale problems.
Regional in name alone, its functioning became constrained and com--
plemented by a multiplicity of organizations whiéh also do planning.
Seventy-six incorporated cities besides Los Angeles, with 3.2 additional
million persons, comprise the remainder of the county. These éitfes;
an array of special districts, other county departments, and Federal
and State agencies, tota]ling nearly 500 entities, have divided the

~ planning function into a complex pattern. Transportation agencies do
tranéportafion planning; water agencies do water p]anning. This Tevel
of-fragmentatfon has so Eivided the regional plénning responsibilities
as to make it virtually imﬁossible for one organization to function
successfully. Aé planning processes broaden to encompass regional
scales, the scope of authority to implement planning weakens. Juris-
-dictional fragmentation and the desire for '"home rule" are-at fault.

“Each political entity guards its development right and control. By

default, RPC deals with planning the land use of less-structﬁred-areasA

on the urban frinée‘thr0ugh.zoning and subdivision codes.
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Remote Sensing at RPC

Remotely sensed data h55\been ﬁsed at the RPC sporadica]ly for
nearly 50 vyears, pa}ticularly in the post World War period when the
region experienced itg remarkable surge of growth. A vast array of
site-scale planning detjsions had to be made within the framework of
the zoning and subdivision co&es. Some of these decisions (a small
ffaction) were-made using oBlique and vertical black4énd-whi£e photo;
graphs usually submitted byfproperty deve]dpers. The tendency was,

" however, to base most decisions 6n fieid survey data and testimony
obtained ét public hearings. Aerial photography did not replace
traditional ground survey methods éf data gathering, but it could and
did serve as an adjunct:to them.

In the late 1950's, remote sensing was applied in the same inter-
mittent, adjunct fashion to long range planniné problems involving
areas larger than the site séale. Large scale photos ana'photo mosaiés
were first used as primary land use data sourcesvduring the mid-1960's
in the San Fernando apd-San Gabriel Valley planning étudies. Ten
years of experjence»(1955~65) 1ea to gréater refiance on remote éensofs,
but this reliance did not extend to acquiring imagery on a reggjar basis.

Since 1965; the use of aerial photography increased considerably.
Black-and-white photographs were used for the largest county subregion
~(North County) due to the infeasability of ground survey. More sig-
nificant was the applicafion of larger scale aerial photogréphs to
small "‘community' plan projects of unincorporated areas, and Eo special,

thematic studies of agriculture and other systematic.topics.
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In 1969, RPC initiated its own contract and»a;quired color
infrared aerial photographs (Type 8443),. at a scale of 1:24,000,af0r
a county-wide land use survey. .In the 1970's the emphasis on remote
sensing continued tb shift from larger to smaller, county-wide, photo
scales. Satellite imagery has been employed in public presentations
of the county-wide program. In 1971, General Electric Corporation
approached the RPC suggesting a jbint proposal to NASA to evaluate
the possible application of satellite imagery, obtained from the.
ERTS-A (ERTS-I) program, to urban planning.

The Community Analysis Bureau

CAB was formed in 1967 as a separate unit of the_éity government
of Los Angeles, funded bfla Community Renewal Pfogramming granf from
the Department of Housing and Urban Development (HUD) for twd-thirds
of its costs. The broad.goa] of CAB is to preﬁare a citwade program
‘of community }mprovement designed to correct existing and detér future
blight and obsé]escence;

CAB has been authorized to develop a comprehensive information
storage and retrieval s;stem which wil],‘in theory, provide effeétivg
and timely information ;o assist on-going city operatioﬁs--especia!ly
planning and decision making.

Local governments, the Los Angeles area being no exception, have
generally been reluctant to fmplement the concepts owing to their cost,
both in terms of research and programs. While funds are available

from outs.ide sources, many cities hesitate to accept them. .Performance

criteria associated with Federal monies are contrary to.a (jealously
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protected) '‘home rule' tradition. Social unrest in many central
"cities (again, the Los Angeles area being no exception) provided -
crises that are changing these attitudes.

Origin, Objectives, and Role -- CAB exists .solely to innovate,

a task planning agencies cannot afford to do themselves, and operates
because of fgderal encéuragemenf to modernize plannfhg functions. By
nature of its assignment, CAB deéls with traditionalism daily whi]e-
integrating varied data files in order to pursue its ihnovativeAtésk.
"With indirect involvement in decisioh-making, CAB operateé relatively
‘free of locaj political influence éxcept for the city's shére of
support where they are lenerable and expendable, like most research
agencies. The problem is that they aré ﬁot bureaucratic enough, and-
lack built-in tendencies_fér self—presefvation Qwing'to the short-term

and terminal assignment, and to the city's tenudus support.

Organization and Methodology -- Innovativeness requires FAB to
relate closely to modern.research agencies not only in remofe sensing
technology but through computer technology, mathematics, and.the social
sciences. Their inforhaiion~chain ranges widely. They rely on tra-
ditional agencies for data bu; not for methodological and conceptual
stimuli.

Underlying these differences is the scope and philosophy which fs
fundamental to CAB's purpose. ''Social' planning strives to compeﬁsate
for the failure of 'physical" p]anning:.’to resolve major issues in ﬁ
weifare and problems cdncernihg the human element.‘ Over the years,

planners tried to integrate the two philosophies with little success.
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:Developments in remote sensing techniques enable data to be racquired

mation system marries the two technologies in a fashion .that simplifies
'""ohysical'' planning information needs and offers techniques which

greatly reduce the information demands of 'social planners. .

Reméte Sensing at CAB -- CAB applies a systems appfoach io ;ts
task. A comprehensive info;hation storage aﬁd‘retrieval system neces-
sitates the integration of varied daté sources within the city inta
one overall system. Experience has shown that if géographicvdata can
be spatially identified it can provide an effective tooi for the |
decision-making process. Since geographic data is seldom static, the
information'system should be able to produce continﬁousTy updated
‘information in'quantity, perhit periodic evaluations of conditions
and trends in the city, allow statistical methods of analysié, and-

«have. the capacity for various types of data handling. Then, impli-
cations of decisions can be fraced by their intera;tion with other
elements of the system. When fully developed, the information system,
called LUPAMS (Land Use Plan Analysis Management Syétem),‘proposes to
-collect, machine-store, and produce data at the block level. ldeally,
information will be tailored to the needs of planners and be available
to the latgest ﬁumber of agencies at minimum cost. Large scale
(l:f0,000) color infrared aerial photographs were recently acqufred

" covering the Eity and surrounding areas. Stéps are being taken to
fully integrate remote sensing in an on-going monitoring systéh'that
will record:housing quality data (the only remotely-sensed data .
currently used) annually at larger scales (1:5,000) for the city's

“poorer areas.
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Factors Acting As Barriers

Planning agencies at the‘iocal level represent a large body of
potential users of remote sensing fechno]ogy. Spatial data in great
volumes can be obtaihed inexpensively by aerial photography. This
data. can be_collected,.extracfed for various purpoées, andistéred for.
further use and historical ré;ord.more easily, coﬁsisfently; objectively,
and at_lbwer unit cosf thén traditional_grddnd-based methods. It is
iﬁportant to qlarffy why more agenciés have not adopted tﬁis research
tool and why RPC and CAB have adbpted'it, ff differéntly.

Leadérs, who may'Be indfvidua]s or groués acting as individuals,
determine'information-flow;'from what sdurces it driginétes, How it is
modified, gnd'what purposés.it serv;s.v In the case of planning prd-
cedures, these leaders represent a éreater society-~thé.cu1tural miliéu
in which planning goa]smand philosophy afe defined. Thisbmilieu'con-
sists largely of a political context that involves plannfng ""publics,"!
wgere a smaller society--the planning agency--is as§igﬁed leadership
once goals are defined. .The smaller agehcy,'in turn, is léad by the
top management lével. A primary problem is-thét decision-makefsvhavé
' lost.fouch with the ]ess-fnvolved majofity of the population by
relying on the political process and persons concerned'wifh planning
(devélopers, builders, and occasional antagonized citizens). Varied
influences come from outside the agency, but those which have maximum
impact are extremely local. |

" Another problém arises because RPC relies on various inte}depart-

- mental contacts with the county governmental system where the same
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local context with similar responsibilities has evolved producing a

~'closed'circle*of*members¥stimulating°aﬁd°réspoﬁding;to'eath‘bthéf(
Contacts with traditionaljagencies, and the lack of such contact with
dissimilar agencies (the CAB and RPC have offices two blocks apart),
reduces the input of varied information.

.Judgementé, values, notions, attitudes, and opinions form a
collective frame of reference against which every society measures
decisions. Built-in tendencies, to preserve and maintain'fhe status quo
and the integrity of past experience, resujt in a propensity to set
up barriers_against change. Organizations with these tendencies have
been identified as having a traditional oriéntationﬁ

RPC is a trgditiona] agency. It has.built-in.tendencie5~toward-
long concentrated manpower and budéets on current pianning or the
administration of land use regulations. In §O'doing, planﬁing came
..to represent specialized needs. and a unique land development history.
New traditions are developing under the influence of a redﬁced need
for current planning, the pressure of planning legislation, and
changes in the planning brofession, but éhanges comé very slowly.

ldeally, a remote éénsing system wéuld provfde wide regiona]
coverage of inaccessible or sparsely monitored geographic information.
Such a system-is particularly useful for recording those data that are
ephemeral -or highly mobile. A geographic information system using
the synoptic and planimetric qualities of aerial photography has
limited utility to site-oriented.problems. This is a limitati;n of

‘research design, not equipment capability. Sophisticated equipment
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to 6btain and process data is practically useless unless one care-
fully considers the>data itemg\themselves,'their use, and fhe design.
of cémputer retrieya1 capabilities. The problem is perpetual. Tra-
ditional_p]énnfng requires information well within the procurement
capabilities of remote:sénsing, but there is little understénding of
that capability and even 1ess'demand.for a more modern form of planning
that would require the ful?»potentia]s of remote sensing techniques.

Severai distinctions hust»be made; -The cirtumstancesbunder which
. CAB was formed, its definif?bn of‘obje¢tives, those who define its
objectives, its role in planning, bositfon in the local politicé]
: hierarchy, souréé of funding, and duration of workAwil]-differkfrom
RPC and other planning agencies. 'Consequentiy, its_Qfganizatioﬁ and
methodology evolved under unique conditions énd bear no reiatioﬁship
to a traditional agency. | |
These two organizations provide extreme examples of the use of

remote sensing; as one of»the déta inputs-in én informatidnisystem,
and as an illustrative, suppTemehta], and qccasiénally_priharylsource
of information for every-day planning oberatfons.‘ Remote sehsiné has
potential beyond CAB's pfesent use (housing quality). It can be
applied as an information system that monitors and observe§ many
qualitative parameters in the environment. RPC has made more varied
uses of remote sensing, but the level of reliance upon and integration
of this data in planning programs is far from complete. It remains
‘an intermfttent, piecemeal, weakjy conceived graft onto a pers}stent

manual technology of land use analysis that is ''cosmetic' in nature
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and which is used to "tidy-up' after studies are done by other

CMEtROAS . el e e e e

Recommendations

1. Remote sensing techniques should be incqrporated into a
systems appfoach for full utilization.

2, Personnel should be trained in the acquisitioh aﬁd app]icatioh
of remotely sensed data.

3. Ffagmented governmental research functions should be consol -
idated and pooled to eliminate dupTicéte efforts and to ac;umulater
both the demand and capital outlay nécessary to justify modérnizing-
an information system. |

4. Opportunities should be prbvided for practical demonstrations
at wo;kshops, schools‘of planning, and symposia for contact between’
scientists and users. An.information disseminating system could be

~developed addreésed'toakey,persohne] in user agencies;and-interested
“personnel at.lower ranks. This information must transcend the language
barrier between scientists and users.
»JProsbect

Considerab]e potenfial for uses of remote sensing techniques
exist in advance planning procedures. Problems are many. Not all of
the advantages of remote sensors are fully appreciated. Misabblications
in .the past have led many agencies to doubt the utility of remote
sensors. The fault lies with an inability to justify special flights
necessary - for best‘results (e.g., temporally adjusted-with censLs

taking, or technically precise) for imagery used only for land use
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data. Site-orientation p]agﬁes advance planners to the degree that>
iand use data for large area3 are co]lectéd by field'survey. -Another
problem is that plans are seen as tefminal, twenty-year forecasts of
land use witﬁout a concept of phased land development, and involving
only objective environmental criteria. Essentially ,the difficluty is
a regtricted concept of advan?e planning. With pressure all around
for modernizing'the methodology and broadening: the scope, however,
there is hope for change. Remote sensing offers distinct and'gnique
advantages dealing Qith enQironmental issues where policies must be
based on qualitative data. |t permits the establishment of standard
or universal observations and criteria for change. Such observations
at frequent intervals reveal ﬁrecuréors of change and trends where one
can Search for root questions or determine probabilities. It permits
continuous plaﬁning (monitoring, updafing, survei]lance'of'hazards)
at regional scales. Also, aeiral photography presents the total
visual universe of data (depending on resolution) which can be stored
as a spatially precise record, unbiased by the investigatcr‘s exper-.
ience. These advantages suggest uses for remote sénsing in a different
sort of planning than is préctiﬁed today.

One way traditional agencies have made rapid changes is through
- crises. Although there are many which are‘potentially as severe,
county planners have lacked crises comparable to the social unrest
experienced by many céntra] cities. Such crises weaken the heirar;hical
structure and decision-making processes flounder. These events tend

to modify the agency outlook.
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Urban and suburban problems and demands on planners have increased,

- --but-their solutions- have become complicated as well.- -Any- technolegy - - - .-

such as remote sensing that simplifies day-;o—day procedures and oper-
ations will be essential. The crises in traditional agencies have

not been severe enougﬁ to effectuate change. It is unfortunate that

: qulic agencies must face near-disaster Béfore'rea]izing tHe need to
innovate.

7.5 FUTURE STUDY

Efforts at the Riverside campus for the next year Will'bé dfrectgd
toward: (l) development of a computer-baéed Geographical Information
System to include refinementbof our computer mapping systems, (2)'expan-
sion of our study area to include the western portion of the Calffornia
Desert, and (3) continued study of the impact on the eﬁvirqnment of
the southern California coastal basin caused by the importation of
water from-the Califéfﬁia-Water Proje;t.‘
-Data produced as a result of tﬁe various studies under the'

Integrated Study are bging stockpiled at,én ever-increasing rate.

The ultimate~objectivé‘of,determining the impact of newly imported
water into southern.California will be difficult to achieve if these
data are not organized into some type of logical information system;
The development of computer programs to produce computer maps has

-been aimed at arranging the data in somé logical order, -but only for
;singlg,categories of data. Our effort in the coming year wi!l be
directed toward developing a more flexible Geographic information
System for southern California in which more than one category of

data can be correlated and reproduced both statistically and
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gfaphica]]y. A basic proBlemAwith the design of a universal infof-
mation system is the use of a\'polygon overlay system' versus a ''grid-
matrix system'' to provide geographical lo;ation for area>data.>>The
grid matrix is a less complex system for computer performed correlations,
but the dafa input is a laborious manual process and the outbut is a
graphic display whiéh is é,not so elegant grid-map producedvby symbo]sb
on the line prfnter. The polygon overlay system becomes a yéry
' complexbcomputer problem when several different céteéories of_infor—
mation are.being'correlated, but the locational accurécy 6f tﬁe data
“is ‘much greater and the graphic output reéemb]es,a true carfograﬁhfc"
’mép. We propose to resolve tHe problems of both systems this coming
‘year by'designing a hybrid of the two sy#tems, thus providing the
greatest flexibility for an information systém.

Refinement in our computer mapbing sYstems is requfred fo keep
pace with‘the deveTopmenf of the Geographical ln%orhation System.
The present maps developed to monitor change in the RiQergide-San
.Bernérdino-Ontario arealarevexéeliént qualitative maps for a singlé
time period evaluation. AHoweyer,'the heed is for quantitative
hapbing of the same area with raéid capability to statistically
summarize the total area inVolved iﬁ each‘land ‘usé category and
to indicéte the areal change of each category betWeen two time
periods. It is proposed~tﬁat UCR continue to refine theAcomputer
mapping systems for thematic map use and to provideAmore'statistical
Fléxibi]ity.

The availability‘of an informatfon data base will'proVide the -

" ability to continue the water impact studies in such areas as the
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Perris Valley. Change in agricultural practices will be monitored

with the arrival of water in Lake Perris in May 1973. Correlation of. _ ..~

‘changes in land use patterns can be correlated with other factors
such as economics, population, land values, etc..

The receipt of ERTS imégery along with the high altitude U-2
ERTS underflight imagery has now made it practfcaf for the ijerside
campus unit.po expand the study area to tHe western portion éf.the |
California Desert. The area includes Antelope Valley, Mojavé River .
Valley, and Lucerne Valle?. The importation of watérvin these.three
areas is already making an impact_in many activities including
agriculture, recreation, sub-division, indusffial sftes, and energy
production. Disturbances of the natural landscape has beéome a
critical problem in the desert and immediate study of.the impact on
the deéert’envirbnment resulting from both human_and natural causes
is essential in order for county, state and federal»land planners
and resource managers to make decisions on future uses of’the desert.
v[t is proposed that UCR‘eXpand thé study area to the western portion.
of the California Deser&.

The passage of Probbéition 20 {environmental control of the use
of the California éoastline)‘during the last élection makes our
integrated studies afong the California coast exceedingly impgrtantw

. We anticfpate continuing the coastal basin studies, also, to develop
data which can be used by the various reéional eoastal areas. The
‘environmental studies along the coastal basins afe prov?ding'fhe

-county planners considerable data to.help make decisions regarding
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the use and preservation of open spaces. The coastal basin studies

are providing, and will continue to provide, considerable information .
™~ - ’ .

on the phenomena involved with the transition of land from rural use

to urban use.

7.6 PUBLICATIONS

The following is a list of the works published by participants’
in the research effort at UCR since 1972. These have been divided
into three categories: (1) published works; (2) papers presented; and

'(3) reports and papers in preparafion for publication.

'7.6.1 Papers and Réports Published

1. Pease, S. R. and R. W. Pease, "Photographic Films as Remote
Sensors for Measuring Albedos of Terrestrial Surfaces,' March 1972,
Tech Report V. ' ' '

2. Pasqualetti, M. J., '"'Land Use Survey by Remote Sensing and
Computer Mapping,'' May 1972.

3. Minch, J.A., '"Landsliding and the Effects of Resort Develop-
ment Between Tijuana and Ensenada, Baja California, Mexico,'" in
Coastal Studies in Baja California, June 1972, Tech Report 0-72-1.

4. Coleman, V., "Ground Survey and Air-Photd Analysis of the
Llano de San Quintin, Baja California del Norte, Mexico,' in
Coastal Studies in Baja California, June 1972, Tech Report 0-72-2.

5. Bale, J.B., ''Landscape Analysis of the Punta Canoas Region:
Baja California del Norte, Mexico,'" in Coastal Studies in Baja
California, June 1972, Tech Report 0-72-3.

6.v Gilman, H. F., ""Regionalization of Land Use Along the West
Coast of the Estado de Baja California, Mexico,'" in Coastal Studies
in Baja California, June 1972, Tech Report 0-72-k.

7. McDonald, D. B. and R. E. Snead, ''Comparison of Aerial
Photographs of the San Felipe Region, Baja California,' in Coastal
Studies in Baja California, June 1972, Tech Report 0-72-5.

8. Poole, D. H., ''Studies in Physical Geography: The Deformation
Characteristics of Hill Slopes and Channelways in Two Different Environ-
ments as Depicted by Remote Sensor Returns,' August 1972, Tech Report
T-72-1. : :
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9. Goehring, D. R. and-J. S. McKnight, '"Barriers to Ihnovation:
The Example of Remote Sensing in Urban and Regional Planning in the-
Los Angeles Metropolls " September 1972 Tech Report T 72 2

10. Nnchols, D. A. and W. G. Brooner, "Interfacing Remote Sensing
and Automated Geographic Information Systems,' September 1972,
Tech Report T-72-3.

11. Bowden,. L. W., '""Remote Sensing of the World's Arid Lands,"
Coastal Deserts: Thelr Natural and Human Environments, UnlverS|ty
of Arizona Press, Tucson, Arizona, 1972.

- 12. Bowden, L. W., "Remote Sensing of Southern California: An
Experiment to Inventory a Region,'' Proceedings: Symposium on Remote
Sensing of ‘the Environment, Council of Scientific and Industrial Re-
search, Pretoria, May 1972,

13. Bowden, L. W., "How to Define Neighborhood,' The ProfeSSIonal

Geographer, XXIV(3) August 1972.

14. Bowden, L. W. and C. W. Johnson, '"A Recipe for 'Do-it-
Yourself' Color Composites of ERTS-1: The Poor Man's Guide to
Everlasting Color," Proceedings: International Conference on Remote
Sensing in Arid Lands, University of Arizona, Tucson, November 1972.

15.. Bowden, L. W., '""Assessment of the Impact of the California
Water Project in Southern California," An Integrated Study of Earth
Resources in the State of California Using Remote Sensing Techniques,
Space Science Laboratory, University of California, Berkeley, Annual
“Progress Report, NASA Grant NGL 05-003-~404, May 1972, 70 pp.

16. Bowden, L. W. and H. Aschmann, "Remote Sensing of Environ-,
mental Quality: Problems and Potential,' in Readings in Remote
Sensing: Techniques for Environmental Analysis, J. E. Estes and
L. W. Senger, Eds. Hamilton Press, in press.

17. 'Bowden, L. W. and J. B. Bale, 'Land Use in the Northern
“Coachella Valley,' Symposium on Significant Results Obtained From
ERTS-1, NASA/Goddard Space Flight Center, Greenbelt, Maryland
March 5 9, 1973.

) 18. Bowden, L. W. and J. H. Viellenave, '"Assessment of Southern

California Environment from ERTS-1," Symposium on Significant Results
‘Obtained From ERTS-1, NASA/Goddard Space Flight Center Greenbelt,
Maryland, March 5-9, 1973.

19. Bailey, H. P. and C. W. Johnson, 'Potential Evapotrans-
poration in Relation to Annual Waves of Temperature,' International
Geography, Papers of the 22nd International Geographical Congress,
1972, Montreal, Canada, pp. 131-133.
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20. Johnson, C. W., 'Design of A Computer-Oriented Agricultural
Land Use Mapping System,'' Geographical Data Handling, 1972, A Publi-
cation of the International Geographical Union Commission on Geograph-
ical Data Sensing and Processing, Ottawa, Canada, pp. 588-600.

21. Johnson, C. W. and V. B. Coleman, '‘Semi-Automatic Crop-
Inventory From Sequential ERTS-1 Imagery,'' Symposium on Significant.
Results Obtained From ERTS- l NASA/Goddard SFC, Greenbelt, Maryland,
March 5-9, 1973, 8 pp. R : S

22. Pease, . R. W. and C. W. Johnson, “New Fault Lineament in
Southern California,' Symposium on Significant Results Obtained From
ERTS-1, NASA/Goddard SFC, Greenbelt, Marylands March 5-9, 1973, 6 pp.

23. Coleman, V. B. and C. W. Johnson, "Evaluation of Remote -
Sensing in Control of Pink Bollworm," Sympos;um on Significant
Results Obtained From ERTS-1 NASA/Goddard SFC Greenbelt Maryland,
March 5-9, 1973, 6 pp. : : .

~7.6.2 Papers Presented

1. Bowden, L. W., ''Remote Sensing and Urban Analyeis,“.»
Invitational Paper, University of Hawaii, February 1972.

2. Bowden, L. W., ''Remote Sensing of the Environment,'
Invitational Paper, New Zealand Cartographic Socaety, Wellnngton
February i972.

3. Bowden, L. W., "Remote SenS|ng as a Geographic Aid,"
Invitational Paper, Unnvers:ty of Canterbury, Chrlstchurch New '
Zealand, February 1972 ' :

A L, Bowden L. W., '""Remote Sensing of the Environment with
" Geographic Applications, T Invntatlonal Paper, Unlver51ty of Queens-
- land, Brnsbane, March 1972.

5. Bowden, L. W., "The California Water Plan," Invitational
Paper, Unlvers|ty of New England Armldale New South Wales,
March 1972.

6. Bowden, L. W., 'Remote Sensing as a. Geographic Tool,!"
“Invitational Paper, University of New England, Armidale, New South
Wales, March 1972. - '

7. Bowden, L. W., '"Remote Sensing with Multi-Spectral Tech-
niques,' Invitational Paper, University of Newcastle, New South
‘Wales, March 1972. ' :

8. Bowden, L. W., '"Remote Sensing for Australian Planners,"
Invitational Paper, Universijty of Newcastle, New South Wales, March 1972.
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9. Bowden, L. W., '"Remote Sensing: A Geographic Tool,'!
Invitational Paper, University of Newcastle, New South Wales,
March 1972.

10. Bowden, L. W., '"Color Infrared Photography for Urban
Investigation,' Invitational Paper, University of New South Wales,
Sydney, March 1972. '

11. Bowden, L. W., '""Remote Sensing and Its Role in Carfography,”
Invitational Paper, University of New South Wales, Sydney, March 1972.

12. Bowden, L. W., '"Remote Sensing of Biogeographic Environ-
ments,' Invitational Paper, Australian National University,
Canberra, March 1972. ' :

13. Bowden, L. W., '"Remote Sensing and It's Future in The Earth
Sciences,'' Invitational Paper, Australian National University,
Canberra, March 1972. ' '

14. Bowden, L. W., '"Remote Sensing and Forestry,' Invitational
Paper, University of Melbourne, April 1972.

15. Bowden, L. W., ""Urban Analysis with Remote Sensing,"
Invitational Paper, University of Monash, Victoria, April 1972.

16. Bowden, L. W., 'Remote Sensing of the Environment,"
Invitational Paper, University of Tasmanis, Hobart, April 1972.

17. Bowden, L. W., 'Remote Sensing as a Geographic Tool,"
JInvitational Paper, University of Tasmania, Hobart, April 1972.

18. Bowden, L. W., '"Remote Sensing of the Urban Envi-
ronment,' Invitational Paper, University of Adelaide, South
Australia, April 1972. ‘ :

, 19. Bowden, L. W., 'Remote Sensing for Urban ahd‘Regional
“Planning,! Invitational ‘Paper, University of Flinders, South
Australia, April 1972.

20. Bowden, L. W., '"Remote Sensing for Urban and Regional
Planning,” Invitational Paper, University of Western Australia,
Perth, April 1972, :

21. Bowden, L. W., '"Remote Sensing as a Geographic Tool,"
Invitational Paper, University of Cape Town, April 1972.

22. Bowden, L. W., 'Remote Sensing of the Environment,' -
Invitational Paper, University of Stellenbosch, Cape Province,
April 1972. : ‘ A

23. Bowden, L. W., '"Remote Sensing of the Environment,"

Invitational Paper, University of Orange Free State, Bloemfontein,
April 1972. '
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24, Bowden, L. W., '"Remote Sensing as a Geographic Tool,"
Invntatnonal Paper, Unsversuty of Witswatersrand, Johannesburg,
May 1972.

25. Bowden, L. W., 'Remote Sensfng of Southern California:
~ An Experiment to Inventory a Region,' Invitational Paper, Symposium
on.Remote Sensing of the Environment, CSIR, Pretoria, May 1972.

26. Bowden, L. W., 'Remote Sensing of the Environment,"
Invitational Paper, University of Ibadan, Nigeria, May 1972.

27. Bowden, L. W., ''"The Potential for Using Spacecraft Imagery
for Wild Animal Inventory,” Invitational Paper, Kruger National
Park Research Station, May 1972. .

28. Bowden, L. W., '"A Recipe for 'Do-It-Yourself! Color
Composites of ERTS-1: The Poor Man's Guide to Everlasting Color,"
International Conference on Remote Sensing in Arid Lands Uni-
_versity of Arizona, Tucson, November 1972.

29. Bowden, L. W. and J.AB.’Bale, ™Mand Use in the Northern
Coachella Valley,' Symposium on Significant Results Obtained From
ERTS-1, NASA/Goddard Space Flight Center, Greenbelt, Maryland,
March 5-9, 1973. . o

30. Bowden, L. W. and J. H. Viellenave, 'Assessment of
Southern California Environment From ERTS-1," Symposium on Signi-
~ficant Results Obtained From ERTS-1, NASA/Goddard Space Flight
Center, Greenbelt, Maryland, March 5-9, 1973.

31. Gilman, H. F., "Regionalization of Land Use Along the
West Coast of Baja California,' California Council of Geographic
Education, Pasadena, May 1972.

32. Huning, J. R., '"A Preliminary Examination of Changing
Visibility at Los Angeles International Airport, 1947-1967,"
California Council of Geographic Education, Pasadena, May 1972.

33. Johnson, C. W., "Rural and AgriculturaT'Land Use Mapping
From Remote Sensing,'' UNESCO/IGU Second Symposium on Geographical
Information Systems, Ottawa, August 1972.

34, Johnson, C. W. and H. P. Bailey, '"Potential Evapotrans-
piration and Annual Waves of Temperature,'' Thornthwaite Memorial
Session, 22nd Internatnonal Geographical Congress, Montreal,
August 1972.

35. Johnson, C, W., '"Coastal Land Use Automated Mapping

Systems,!' Office of Naval Research Program Rev:ew, Washnngton D.C.,
June 1972. .
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36. Johnson, C. V., '"Remote Sensing from Satellites,'’
-Sigma XI Chapter, California State University,~Fullerton, May 1972.

37. Viellenave, J. H., J. E, Estes and L. W. Senger, 'Agri-
cultural Developments on the West Side of the San Joaquin Valley,'!
Arizona Academy of Science Annual Meetings, Flagstaff, May 5-6 1972.

38. White, K. L., "A Preliminary Investigation of Climatic
Change in Middle North America, 1890-1960," California Council of
Geographic Education, Pasadena, May 1972.

7.6.3 Papers in Preparation

1. Viellenave, J. H., The Roles of Recreation Sites and
Environmental Homesite Desirabijlity in Modifying Land and Property
Values, Tech Report in manuscript form.

2. Huning, J. R. and R. M. Petersen, Use of Yucca brevifolia
as a Surrogate for Detection of Near-Surface Moisture Retention,
Tech Report in manuscript form.

_ 3. Bale, J. B. and J. H. Viellenave, ''The Use of Remote
Sensing Techniques in Management and Planning of Recreational
Areas,!' for Manual of Remote Sensing, L. W. Bowden, editor.
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APPEMDIX 1
TABLE 1
POST MISSICKH 164 U-2 PLATFORM

Seisor
Accession ID Flight
Humber Mumber Number Date Area
, 70 mm Format _ - ,
00G05 ¢o1 71025 971—71 ' “Southern California
00806 ' 002. w o u Test Site
00097 033 " " .
00008 004 o " "
00041 0¢2 - 71-035 9-24-71 "
00042 003 o u "
00043 004 " " "
00058 001 71-048 10-14-71 u
03059 002 o . i
0060 003 " " "
00081 004 ! " "
G016 00} 71-067 11-24-73 "
00117 002 " " "
00118 003 ' " "
00119 004 ! " "
00140 001 71-075 12-9-71 u
c0141 00z " " "
00142 003 S ! "
00143 004 Lo L "
gniea om 72-020 2-3-72 "
(3195 002 : " "
05185 052 " ; !
GOye7 GO : : "
Coiag Coi 72-02% 2-17-72 t
c0199 G607 i u "
£026 003 ' ' "
COUN 0G4 : ! :
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o _ _
- Mumbsr - — R 2 - -Area - e
CCi 2 Southern California
002 ' " Test Site
O(‘,’,: it n 1]
GO—’; " H ti

(@]
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~
~nN)
[gw]
Ao
O
w
~N)
[ee]

~!
N

00251 044 ! v San Francisco Bay
00254 col 72-054 3-31-72 - Southern California
00255 OO? " n TESL S]LC
00265 093 weo n | o

. 00267 Qo4 u v w o

. 9" Fonl

00450 c17 72- CT 6-16-72 Hojave Desert

00498 e 72-112 7-11-72 Scuthern California
~~~~~~ Fo_7- Test Site

U/ o [7-134 b-1-7¢

07450 016 72-178 10-11-72 Los Angeles

60772 C17 72-185 ) 10-24.72 Imzerial Valley/Yosemite
coeig 018 72-251 11-21-72 barstow/Las Vegas

QU845 Gi7 7

2
2-21¢€ 12-13-72 Imperial/Ceoachella Yalley
2 ‘Barstow/tas Vegas

L)
]
Cx)
<N
~
o
—
~4
Cor
~J
H
2]
-
-~
ro— )
[pS.
H
no
[
1
~J
n\-
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RPPERDIX I
TABLE 2A |
ERTS FRAME SUMIARY BY PERICD - 1972-1973
9.5 Inch Positive-
CYCLE ] 2 3 4 5 6 7 8 9 10 1
1 | 11/5 C/Mm
2 9/12 - 1175, 11723 12/11 12729
3 8/7 8/25 $/i2 9/20 11/5 11/23 12/11 12/29
& 8/i | S 11/23 12/29
5 | 11/5 11/26 12/12 12/30 .
6 8/26 9/13 10/ /6 11724 12/12 12/30 1/17
7 .8/26 9/13 10/1 11/6 11724 12/12 12/30 1/17
8 | 10/1 | 11724 12/30 117
9 | C 11725 12/13 12/31 1718
19 - 9/14 10/2 - 11/25 12/13 12/31 1/18
N - 9/14 11/7 11/25 12/13 12/31 1/18
12 12/31 1/18
13 |
14 8/19 | 11/8 11725 12716 171 1719
15 £/10 9/15 /8 11726 12/14 11 119 o :
16 10/3 ~11/8 P74 T-I VA N VAT R §
17 8/11 11/9 1127 172 1720 :
18 8/29 16/4 10722 11/9 Vi/27 12/15 1/2 1720
E , 11727 12715 1/2 1720 :
20 | 1216 1/3 0 172l | :
fi-1 ' ' _ 11/22 :
-7 Vijez iz 12/e8 2/2 i
Reno | | 12/28 /15 2/2 g




FPPERDTY T
S TBiEB
ERTS FRAMZ SUMMARY BY PERIOD - 1972-1973
70 i Positive
CYCLE 2 3 4 5 6 7 8 - 9. W 1
1 11/5 12/1
2 11/5 11/23 12/11 12/29
3 M/5 11723 12/11 12729
¢ 11723 12/29
5 1176 11726 12712 12730 2/4
6 11/6 11724 12/12 12/30 1/17 2/4
7 /6 11/24 12/12 12730 117 2/4
¥ 117 12/30 117 2/4
9 /25 12/13 12/31 1718 '
16 11725 12713 12731 1/18
N /7 11/25 12/13 12/31 1/18
T2 ' | 12731 1718
5
14 /8 1126 1216 Y1 1719
15 1178 11726 12/1¢ Y1 1719
16 1178 11726 12/14 11 1/19
17 1179 Ti/e7 172 1720
18 /0 13/27 1215 1/2 1720
B 11727 12/%5 172 1720
23 12/16  1/3 1/21
A
Ae 1122 12/16 i2/28 22
f 12/28 117 2/2
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11/6
11724
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11724
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11726
11/26

1/27

1727
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Chapter 8
DIGITAL HANDLING AND PROCESSING OF REMOTE SENSING DATA '

Co-investigator: R. Algazi
Contributors: D. J. Sakrison, J. Schriebman, W. Dere
B. Romberger, A. Samulon '
Department of Electrical Engineering and Computer Sciences,
~Davis and Berkeley Campuses -

8.7 INTRODUCTION

An important part of the integrated study of Earth Resources carr1ed‘
out by the University of Ca]1forn1a is the comb1ned use of all ava11ab1e '
sensing devices which prov1de 1nformat1on of 1nterest to earth resource
scientists. Two considefations influence the use of multisensof_data.
Firstly, the data collected in each of several different bands on each
of.several different dates ﬁeed to:be analyzed in various combinations.
Secondly, with the launch of the ERTS 1 Satellite, sets of mul tisensor
data in an electronic format have become available to the project as one
of thg major data sources. Thus a significant'comppnent of our work is
the efficient or optimal usé-of the large amount of data available which
has bearing on the study of specific earth resources. Three approaches
are used in the analysis of the available data:

Human Photo Interpretation
N - Electronic Image Enhancement
Automatic Data Processing

These three approaches complement one another and are all pursuedfwithin

Origiml photography, may, be W
EROS Data Center , 4

10th and Dakota Avenud
Sioux Falls, SD 571_8
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our study. In order to articulate and understand these different appfoaches
vwe show in Figure 8.1 a block disbram of the acquisition, analysis, and ~
enhancement of remote sensing imagery. For each of the‘features of
interest a set of attributes, Y, makes it poséib]e to study this feature
from remote sensing imagery. By the time the attributes of the feature

of interest have been recorded, in block 3, as spectral images or scans,
these attributes have been modified by several partially known or unknown
effects. These effects will include, for instance, the mixing of features
due to insufficient image resolution, the variations of sun]ighi iNMumi-
nation, and degradation due to atmospheric scattering and turbidity. The
“analysis of the resulting imagery will be affected to various degrees by
all of these poorly known effects. In some cases,.such as the mapping of :
rangeland resources, the task can be done conveniently by conéidering a
single spectral image or a standard color combination of spectral images;
In other cases, Quch as monitoring water qua]ity, the'taék.is sufficiently
A more difficult that more sophisticated analysis techniques are needed.

In its generality, the study of ground features from remote sensing data
 fa1]s»within.the framework of statistical decision and estimation thebry.
The study of spectral and other properties of surfaces is now called the
acquisition of a priori information. The transformation of the attributes
of the feafure of interest into attributes of the images or scan is a
. probabilistic mapping. Thus, for a given feature of interest the recorded
;attributes have a statistical distribution which-has to be takenrinto

.account ‘in studying this feature. The number of images or scan can be
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" Figure 8.1. Flow diagram of the acquisitlon, analysis and enhancement of remote sensing images,



large, seven for ERTS 1, and the number of observed attributes can be even
]arger; Thus'thé intei]f@ent e;;]oifaiiénwof:thé relevant ihformétian' -
requires the ability to handie large amounts of data {n a concerted
fashion. Our group, shown as block 4 in'the diagram of Figure 8.1, brings
to the integrated study both the experimental facility and'personnel vith
the knowledge and background needed to perform the systematic exploitation
of the'avai1ab1e information. Such elaborate methods are most pertinent
for tasks which cannot be done by directed observation of conventional
black-and-white or color combined imagery. For this work the data pro-
cessing facility being established as part of the University of California .
program emphasizes man-machine interaction rather than bulk processing of
data. It uses as a central processing element a digital computer; thus
the déve]opment of use of data processing algorithms becomes principally
. a problem in computer software development. With this approach it becdme§
possible to make use of the very extensive digital computation.faéi]ity
already available at the University of California. By the acquisition .of
a very modest nuhber of specialized computer peripherals, an extremely
wversatile and flexible facility is;beiﬁgvmade availableAto the~progrém.
This digital signal processing facility, is described briefly later in
this report. | |

Our facility and programs allow us to answer among other the following
‘questions for the various investigations in our integratéd study:

1. Which spectral bands and what resolution capabilities are needed

in a specific discrimination problem?

84




2. Hoﬁ sHould spectral bands be combined to perform feature enhancement?
| 3. How well can a priori information (e.g., signature analysis) be

relied upon to design enhancement algorithms? |

To handle these ﬁuesfions'our'approach is to fely both upoh ground
truth and the images transmitted from ERTS 1. For digitized images a _.
quantitati?e analysis is‘cohducted of the effect 6n spectral components as
well as on texture of images due to the featufes of interest. fhe résu]tsv
of this analysis in the form of one and mu]tidimensiqhai histograms, Fourier
spectra, étc.,'allow us té elimfnéte irreievant dafa; rank thé usefulTﬁesg__'
of re]eyanf data to a_sbecific enhancement task, and guide the'design'of<‘ B
enhancehent progfams. Ohr.phflosobhy is to perform-the'stebé of:the 'A‘v
-analysis rapfdly using a small data arfay, obéerve intermédiate resths fn
color display, and make use of andvtry to qdantify all c]ues‘availablé‘tb '
+ - a trained observer. This approach is being used with very prohising results

on ERTS 1 data, as we déscribedAlater in this'repbrt.

8.2 jNORKFPERFORMED DURING THE PERIOD‘COVERED BY THIS REPORT

The progress-tb date 6n our part of the integrated stddy can bé divided
into the following broad c;tegorieé:

1. Minor hardware modificafions and improvements in the digital image
processing facility central to our work.

2. Development of a very flexible programming system for interactive'
image handling and display. |

3. Development of a systematic image enhancement procedure applicable '

to a variety of problems as well as to remote'sensing.
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4, Hon]inear eqUa]ization and caTibration of tﬁe ERTS 1’MSS‘sensors
5. Pre]wmlnary work on the comb1nat1on of multispectral data for the
study of Earth Resources.

6. Application of the procedure of 3) to ERTS 1 data and enhance-
ment of imagery of interest to several participants of our integrated
study. | -

7. Articulation and investigation of some of the basic issues which
underly the interactive enhancement of remote sensfng data by.digitalv
computers,

We shall avoid repetition of the major - results.reported in ;he Semi-Annuai
progress report and elaborate instead on the results obtained since January

1973.

8.2.1. DIGITAL PROCESSING FACILITY

“The féci]ity is shown in Figure 8.2 and is now?oﬁérational. ~Modifications
of the Image Process1ng Facility are still underway |

1. Rep]acenent of a student build high resolution B/W display by a

“purchased unit of higher quality and better reliability. .Some hardware
modification is being carried oui to increase the speed of display and to
| provide capability for color photography through color filters.

~ 2. Acquisition and interfacing of a head-per-track digital disc N
storage. "This unit will increase significantly the amdunt of rapid access
digital storage-available to us. This will result in a significant increase

in ‘the speed of several of .the image processing.algorithms we :commonly use.
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8.2.2 PICTURE PROCESSING PROGRAMMING SYSTEM (J. SCHRIEBMAN & B. ROMBERGER).

' ”‘General;Descriggjoﬁ .

Due to the large number of specific operations of -interest in our work
it is necessary to provide a framework for. the organization of user oriented.
image processing programs.- To this end an image processing system Has
been developed. A |

The programming system can best be understood by considering a typicaT
'experiment’'. The investigator has ah‘ideal of what operations are
hecessary on the data to get the results he wants but is not usually sure
of the exact parameters. Hé takes a‘sample data block and pérforms the

-series of steps necessary to get the results using His estimatesnof the
parameters. Based on the results, the steps are performed again with
altered parameters or possibly even an altered procedure to see the effect
of the_resu1ts. After a number of such tries, a procedure fs developed
which gives the best results. This:procedure is then used on other data
blocks. | |

Without some sort 6f programming 5ystem, each step in the ébove
fbrocedunewrequines_one'to,stant:execution:of;the‘proper.program.and.enter '
"the data and parameters. It also requires one to keep track of intermediéte
results that are needed later and set up his own data storage. The system
was developed to eliminate much of the work involved With these manual
‘operations. v |

‘The basic objective of the system is interaCtive~usage. During-the
trial phase, each -step is performed as .the user presents ‘it to'thé~system

with intermediate results readily available so that he can tell how well
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the procedure is workihg. He then runs through the entire procedure to
look at the results. The procedure can be repeated with modifications or-
changes in the parametefs to see the effect on the resu]ts. Once a
procedure is finalized, it is possible to repeat it on a series of data.

A second object of the system is that it be easy to use. The hser is
able to sit at the console and type in the commands that tell the system
what parameters to use. The syntax_is fairly easy to understand without
being over]y'restrictive'or hard to expand. | N

A number of.secondary user objectives are a]so met by’the:present
syStem: ‘ |

1. Parameters with a commonly used value haQe default values so tﬁat
théy do not have to be entered évery time. | A |

2. Parameters with-restricted values are checked for va]idity.-”

3. Results (such as max or min) from one step are usable in further
steps without requiring the user to remember and enter them.

4. The uéer is able to interrogate the system as to what programs
are available, what data is presently accessible, what values parameters
have and what parameters afe required for each program. |

5.. Once the user determines a procedure, he is able to set up a whole
“series of commands for the system to execute without réquiring his inter-
vention at every step.

6. The system handles data storage space allocation unless the user
wants to intervene.

A third objective of the system is that new processing programs can be
added easily. This requirés an easy procedure for tei]ing the system what

new programs has been added, what its parameters are and their restrictions,
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how to set up data files or where to find input files, and what comments

to give the user if he requestg\information on the program or its parameters.
A fourth objective is that the system be easy to implement. A balance

must be reached between features wanted and difficulty of implementation.

The syﬁtem is designed in such a way to make check-out convenient,Abut

is also flexible enough to make modifications and additions fairly easy.
System components, system'USer language, functions and commands, and

an example of system use are described in the Semi-Anﬁua] progress report‘

of December 31, 1972.

8.2.3 A SYSTEMATIC IMAGE ENHANCEMENT'PROCEDURE

A systematic approach to the enhancement of images has beén developed.
This approach exp]ofts two principal features involved in the obseryation
of images: the properties of human vision and the statistics of the images
being observed. A fairly detailed expositfon of the technique has been
presented jn Appendix 1 of the December, 1972 progress report.. The rationale
‘of the enhancement procedure is reasonably simp]g: in the observation of
ssome features of interest in an image, the range of objective luminance-
chrominance values being displayed is generally Timited and does not use
the whole perceptual range of vision of the observer. The purpose of the
enhancement technique presented is to expand and distort in a systematic way
.~.the grey -scale values of each of the multispectral.bands making up a color
ccomposite, to enhance the differential visibility of the'featurgs being
;obéerved. ‘Thus, the enhancement is feature dependent.and theiwork'proceeds

.in~the follewing steps.




t
\

1. ‘Extraction of a geographic area of interest from HASA CCT and
reformating for subsequent work.

2. Display on a cb]or television monitor of standard color combosites;
" to check for misregistration and to select subareas wfth features of interest.

3. Generate hiStdgrams in each of the spectral bands for subareas of
‘the image which include features of interest. For instance we may wish to
a obtain maximum visibility in tﬁé water to monitor water quality and various
-types'of water pollution. . .

| In addition to the work reported earlier we wish to emphasize an aspect

of our work of wide applicability which is the proper choice of pseudoco]or.
scale for the display of é singie spectral comppnent or for the diéplay of
the output of a c]assifi;ation a]gorifhm."ln these applications it is
important to preserve in the pseudocolor display the Spatiai resolution
avaifab]e in_the origihal data. A pseudocolor scalar:poorly chosen may
lead to a significant degradation of the perceived details. This is fllus-
trated quite well in Figure 8-3. Figure 8-3a is a'enhanced.black and white
image‘of the Carquinéi Straights, through whiéh the Sacramento and Saﬁ Joaquin
Rivers outlet into the bay of San Francisco. In spiteqof the enhancement, -
an assessment of the grey scale is difficult to do and a bseudocolor display
appears attractive. Figure 8-3b and 8-3c show two pseudocolor displays, 8-3b
-using a pure chrominance map, and the other a chrominance-luhinance map
discussed in a previousAreporta' The advantage of the chrominance-luminance ﬁap
is striking, in providing a considerably‘expanded percep;ual-scale without any
~ loss -of perceived sbatiaIAresolutidn. The same scale would be d%efu]’in

displaying a color coded output of a classification algorithm in which the



Black and White Scale
Enhanced

b) Pseudocolor
Chrominance Scale

¢) Pseudocolor
Chrominance-Luminance Scale

FIGURE 8.3 - CARQUINEZ STRAIGHTS
(1002 - 18175) MSS BAND 5
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the number of classes is large and the corresponding geographic‘areas,quite
detailed. | - | |
'A'slightly revised and expanded version of this work entit]ed:"Digital

‘Image Enhancement by Grey Scale Mapping"rhas'been(prepared for pUb]ication. '

8,2 4 NONLINEAR EQUALIZATION AND CALIBRATION OF ERTS 1 MSS SENSORS

: In some of the- 1mages d1str1buted by NASA the str1pp1ng effect due
A‘to different responses of the sensors in the Mu1t1spectra1 Scanner, is .
«quite apparent This effect is great]y magn1f1ed as one tries to enhance.
“the i 1nages d1glta11y for v1s1b111ty in the water, since the range of .',
usefu] sensor outputs is thenvqu1te narrow and»data errors are more )
" ‘significant. It is possfb1e to oring aboot_some improvenent'on image quaiity ;:
.,by equalizing the’sensors response on the basis of the‘statistics of‘thet
.received data. | ., | | | _ |

Some pre1fmtnary work;.which eqoalizes.offset and gain of the sensors,

has not been too sucCessful.' The technique we currently USe determines_a-
nonlinear compensation curve for each of the sensors. This techniquevis B

described and illustrated in one of our ERTS 1 reports.

8.2.5 MULTISPECTRAL DATA COMBINATION

A problem of continuing interest in Remote Sensing in the rational use
of'multispectral data The problem is inherent]y reiated to thevlimitatfon
of a human observer to comprehend and correlate the 1nformatlon prov1ded by .

too many sensors.. This prob]em is a]ready apparent with ERTS 1 data recorded

\
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in 4 spectral-bands. ‘The=conventf0na]‘solution‘usedvby'NASA'is'td:provide
~color composftes,of either MSS.bands 4,5,-and 6_or MSS.bands 4,5,.and. 7.. _ . __
We have undertaken a fairly long range, systematic study of this prob]ém
by considering in turn the following twonimportant points: |
1. The correlation and redundancy of the data itself from one spectral
band to another.
2., The combined limitation of the reproduction media and of tﬁe human
observer to discriminate infofmation presented in image form;
The second point is related to our study of perceptual scales. More work .
is planned in this_area, but we are currently 1imited in our ability to
obtain quantitative, repfoducib1e color reproductions,' The precision CRT
display current]y being brought into operation will give'ué better control
of photographic products: | |
<At this time we shall report some.preliminary resu]ts-dn;the correlation -
‘and 'similarity in the ERTS 1-MSS data.

Correlation and Simi]arity'of ERTS 1 Data

In the determination of the spectral bénds of interest'infspecific applf-
cations of remote sensing one global measure of the_additional'iﬁformation
contributed by each spectral band is degree of correlation of this spectraI.
band to all others. An alternative viewpoint is to consider how predictable
is each spectral band given that all others are known. va, for instdnce,
ve were to find that MSS band 7 is completely predictable from the knowledge .
of :MSS band 4,5 and 6, there would be no:merit in processing.and displaying

MSS band 7 in addition to the other three . bands.




These ideas can be formalized, using the framework statistics and
estimation theory. -
One traditional measure of similarity between two random variables

x and y is the covariance, given by

by * cL( Smly-m)l m
T
~in which  ~ . o
m)'(. ) Ex] =j ozfx(a»)da'- - @ |
| E(xQ) - ﬂ asfxy(a,'s)&aba - @

fx( ) and fxy(.? )Aare'thevfirst:and_secondbqfder'prqpabi]ity Qensity
functions of the random variables x and y.

Here x, y, etc., stands for the radiometric values in each of tﬁe ﬁpectral
bands. We shall designate these random variables as 14, 15’ IG’ I7 to match
the MSS band designafion. : | |

The probability density functions are obtaiﬁed empirically from the daté,

by forming one and two dimensional histograms.A

2 24 2 S _
o = (141 - nd | (5)
TP .
N '
p'ij = oioj , . (7)
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since i,j-= 1,2,3;4 Ihe'{uij} form-a 4 x-4-symetric matrix, ‘examples of

which will be given later on. ~ o , -

‘The knowledge of the p matrix allows the determination of the best

linear estimate fi’ of component Ii’ given all other spectral componenfg.
The estimate takes the form
I. = j;:i osl; + ' (8)
in which C; is a constant.

If the estimate ii is qbtained only from one qthgr spgctra] component Ij’
-then it can be shown that the resulting normalized mean-square error is
given by R :
N RNl U B
ij 2 i A

(o8
Y

-; c]e&riy,1fhj;‘fe$idﬁa]_érror méasufes:the content-qf jmége_li which is not
bredictableAfrom ;j’ o | | | | ‘ | |
The E?j form also a 4 x -4 :matrix and.§§11='0. Anothe? :approach .to
measuring the similarity between spectral components again considers mean-
square estimation 6f one spectral component from anpther, but this time
'fddes;not 1jmit the form;ofwihe:eétimaforfto.be linear.- Given the observation

of spectral component Ij we now write
I. =g(l.) (o)
inwwhich'g(lj) is chosen in_such a way that

ECPRTC S DL R ,. ()




is a minimum. It is known that we‘have'then

fi‘=_E[Ii|Ij]l ' - (2

Ii'(IJ.) =jaf1./j(a/lj)da - . , (13)
in which fi/j(a/s) is the conditional probability density of_I%bgivén that
Ij has value Ij = 8.';These are c]assiéa]'resu1ts from estimation theory. -

Because of the additiona].freedom a]]owed‘in the form of the estima-

“tor the nonlinear estimate will always outperform a linear estimate in the

,_SenSe'that'the-ré501tingZnorma1i2ed.meah?squafe'efror ”?j'< é?j‘“
In which S - o
S - 2. .
oo EQ(I - g(I))°T SRR '
nfe— 3 (14)
. J . . g S
o : 4 i '
. is7giVen by’equafidn-(Q).“

2
and €45

The interest of theAkéSu1tubf equatioh‘(145 is that 1hfthé vi$ﬁa1
observation of spectra1fcomponents, a human obséfver will conclude that no

. additional information is provided-by spectré] component Ii’ jf_Ij is known,
whenever ”?j =0, althoughhefj may be different from zero. In other WOFdS,[' 
a human observer is not limited to perceiving linear relations between
spectral components. To illustrate the idea, we show the»résults for two
geograbhic regions in California.

Table 8.4 shows the cqvariénce matrix fuij}, thé linear error matrix
’{Eij}’ and the nonlinear errof matrix {nij}:for the data for Bucks Lake
(1002-10125). |

The u matrix shows ohvits main diagonal; the variance'of each spectral

band. MSS band 4 has a smé11 variancé and generally gives a very flat image
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when it is reproduced without. enhancement. High entries of f-the main

diagonal in the u matrix indicate correlation between the corresponding

~ e . S

'Spectrai cémpénéhté. Thé érfo; hétkicégyﬁke'mdrerfnformétivé frbm.théf-
standpoint. ATl entries are nbw normalized to 1 so thét an entry €43 =0
means Ii is perfectly predictable in terms of Ij, and sij = 1 means that
knowing Ij does not help at all in predicting Ij. Obviously we have
€4 ¥ Ny3 = 0. Ve observe that MSS bands 6 and 7 are the mosf corre]atedl

" and thus.justify the common choi;e of_discarding either MSS band 6 or
MSS band 7 in color composftion. Note howeQér that MSS 4 éndHS.are_nearly

_aé'correlated and that almost as good a choice for the Bucks Laké és would t
be to di;cafd e%fﬁéf MSSVbahd 4 or MSS band 5.éhd coibr combine ihe rest.
| The comparison of the linear error matrix {eii} and the nonlinear error

matrix {nij} shows no significgnt differences. ) |

~ Table 8.5 shows Simi]af_reéu]tsvfor_the farm_fand sodth of Is]efpn

(1003-18175). i o " R
| The interpretation of fhe results is genéfa11ylas for Tabiéf8.4 with

some significant differences. |

}Notgwfirst thatvthe data is considerably more active as indicated by
the;yarianceﬁaoh—the main diaQOna] of p. Based on the linear error hatrfx
one Qou]d coné]ude that MSS'bands 4 and 5 are}moét cofﬁé]atéd and thus

a "best" color composite obtained from MSS band 4 or 5 and MSS bands 6 and

7. Given that the variance of MSS-5 is considerab]y larger than the variance

of :MSS band 4 for a composite without enhancement the- obvious choice would

be MSS bands 5, 6 and 7.
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BUCK'S LAKE
- 10125)

(
. AN
TABLE 8.4,
(1002
~
3.1 | 4.7 4.1 | 1.7
4.7 | 8.1 5.7 | 2.1
4.1 | 5.7 | 22.3 |14.0
1.7 | 2.1 {140 | 9.5
0 { .35 .87 | .95
35 0o | .90 | .97
.87 | .90 | 0 |28
.95 | .97 28 |0
0 .35 | .81 |.87
.36 0 .88 |.93
.77 .79 0 .30
.85 .86 | .30 0

- Covariance Matrix

p = [“ij]

. Linear Error Matrix

e ='[€ij]""

Honlinear Error Matrix .

n = [”ijj



TABLE 8.5. FARM LAND SOUTH OF ISLETON
(1003 - 18175)

7.18 13.0 4.5 .34

13.0 | 26.86 4.6 2.27V ' Covariance Matrix

& =v[uij]
4.5 4.6 52.2 33.2 _ _

.34 2.27 33.2 27.1

0 .335) .97 | .9997
335 | 0 | .992 | .99 ~Linear Error Matrix -
o : N _ v g = [ei-]‘
.97 .992 0 .468 o
.9997 .996| .468 | O
0 | .32 | .91 | .88
.31 0 .92 .86 Monlinear Errpr Matrix
| n =‘[nij]
.96 .92 0 .29
.93 | .90 .30 | 0
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The nonlinear error matrix changes these conclusions because the
entries are significantly different from the entries on the linear error
matrix. In particular, bands 6 andA7;are now most correlated (correlated
is a somewhat improper word and codependent_wou]d be more-suitablé).,

The nonlinear dependence between spectral components is shown in

Figure 8.6 in which are graphed the nonlinear estimates

,f2 =53y ) )
Leg,y e
| 13='g3,4(~14) . | o an

corresbbhdihg to'equéfioﬁ 13,
These curves aré quité'nohlfheaf, even on the acfive range of the data.
The random fluctuation at the top of the range are not significant and afé
due to the insufficient data which makes the estimator curve quite inaccurate.
Note that these results, based on correlation énd similarity by pairs’
of spectral components are subject to revision whenever all specfra] components
are considered jointly. We have obtained some very'encouraging preliminary
rresults on the optimal linear combination in the form of equation 7 to reduce
the 4 spectral compdnents to 3 principal data set not identifiable directly"

‘with spectral components.

8-21



{
R \
' I2 = 92,3(I3)
N . |
Lro.’ B
2’0.
- + S . \I_’;
N ~ '
12_' 92,4(14)

20 -

Figure 8.6. Nonlinear estimates of spectral components.
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Figure 8.6 (continued)

RCILINEAR ESTIMATES OF SPECTRAL COMPONENTS
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8.2.6 SUPPORT ACTIVITIES ARD IHAGE“ENHANCEMENT FOR OTHER PARTICIPANTS OF
_THE INTEGRATED STUDY. - . .

A substantial part of our activities this year have been in_support of
the research and studies carried out by other participants of the Integrated
Study of the State of California Using Remote Sensing Techniques.

Although a more substantial'description of the studies is given in the
appropriate chapters df this report we shall list briefly the investigators
and the type of work considered. |

1. Enhancemenf.of ERTS 1 imagery to improve the visibj]ity and:mapping
of frost‘damage eucalyptus trees in the Berkeléy‘hills. - This work-is«of : )
prime interest to Dr. Robert NH. Colwell, the principal investigator of the
study. |

2. Enhancement and'Processing'of ERTS 1 data to improve the visibi1ity
of sediments, pollutants and other indicators of water quality. This fairly
-extensive work, of interest to .Dr. Robert Burgy,-was .carried out in consultation
and cooperation with Jean Malingreau, also of the Department of Water Sciences
and Engineering at the University of California, Davis.

-3. 'Enhancement of ERTS 1 imagery to assist in the delineation and inven-
“tory of EartthéSOUrces'in"wi]dTands and agricultural area of Northern |
California. This work was done to assist Dr. Don Lauer'and Bill Draeger of
the Forestry Remote Sensing Laboratory.

4, Scanning, digitization, processing and enhancement of imagery:to
-assess the-potential .contributions of polarization information to the inventoryA

and discrimination of Earth Resources. This-substgntia] effort was carried out

for 'Dr. Kinsell Coulson of the Davis Campus.
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Enhanced ERTS lmagery was also supplied to Dr. John Tremor of NASA/
Ames Research Center, at his own request, to illustrate the information
available in ERTS data and the capabilities of digital image enhancement

to extract this information.
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Chapter 9 |

INVESTIGATION OF ATMOSPHERIC EFFECTS IN IMAGE TRANSFER_

Cd-investigatér:- K. L. Coulson
Contributor: R. L. Walraven. _
Department of Agricultural Engineering, Davis
3.1 INTRODUCTION

Progress 6n this part of the project during the nepnrting period
has been in the areas of (1) photographic recording and-analyéié of
polarization effects, (2) the measukemént and parameterizafion»of the .
reflecting and po]arizing-propertfes of natural suffaceé, (3) the A
measurement and parametenization of the intensity‘and polarizafion of
the light ‘incident atithe snrface fron‘the sun énd-sky, and-(ﬁ) computa-
tions of the intensity and polarization of light emergin§ fron varicns'
models of the atmosphere.

Tnenschemafic diagram of Figure 9.1 gives an overview of the
progress which has been made so far toward achieving the éoal of‘pré-
~dicting the duality (contrast, brightness, etc.) of iméges after they
‘have been transferred from the surface to a sensor mounted on a remotely
located platform. The véry time consuming task of developing the duai
channel polarizing radiometer is essentially complete; the on]y require-
ments remaining are minor modifications and adjustments of the instrumen;
mount. The instrument itself provides polarizatinn and intensity measure-
ments of either the light from the sunlit sky or the light reflected from .
illuminated surfaces in eight different narrow wavelength Bands from the

ultraviolet, through the visible, and into the near infrared spectral

| ORGINAL CONTAMS
COLOR ILLUSTRATIONS 9-1



HEASUREHENT | ATMOSPHERIC
OF . MODEL
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® Figure y.1. fé.ummar.y of the progress which has been made so far toward the goal of predicting the
. quality of images after their being transferred through the atmosphere.



regions. These, of course, are the regions of principal interest in
remofe sensing applications. Operation of the instrument;-inc]qding
selection of color and ne&tra] density.filtefs, scanning of the observed
direction in azimuth and e]evatién, and other mechanical movements.are
controlled completely by computer, thereby eliminating human errors
which tend to degrade\the quality of data in most measurement programs.
In addition, the data are reduced to the physical quan;jties'of intensiiy,
degree of polarization, and orientatibn of the plane of polarizétion on
a real time basis by the cohputer. This not only permifs the-répid
detection of any maffunction in the system, but it also largely‘elimi- 3
nates tHe.Iabor and exbense_qf routine.instrumenp operatioﬁ-and dafa'
reduction. A brief description of the instrument will abpear'in the

June, 1973 issue of Applied Optics.

The instrument has been used for.a number of.basic measurements
of the refiection properties of natufal surfaces, mainl? in the controlled
conditions of the laboratory, and of the sunlight incidenf af surface
level. The details of these sets of meésurements and of their parameteri-'
zation are outlined below. Remaining work in the area of éurfacé measure—b
ments is fhe ;haracteri;étion_of the light reflected from natural surfaces
in realistic outdoor settings and furfher iﬁvestigation of the light
reaching the surface in various types of atmospheric qonditions.
Mathematical modeling of the reflection properties of surfaces'is
under way, and reasonably good progress has been made on it. Modeling
of the atmosphere is at the point where the computer programs are com-

pleted -and appropriate values of the relevant parameters have been
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determined. So far only pre]iminéry calculations of the radiation

fields have been performed As |nd|cated in the dlagram of Figure j 1,

thereiare physncal interactions between the atmospherlc and surface
models which must be considered. The prediction of actual image transfer,
including the transfer'of intensity, contrast, and polarization para-
meters through the atmosphere, is still a future aetivity, as is the
verification of thqse predictions.
3.2 PHOTOGRAPHiCdeRK

Photographic work during the period has proceeded along three-
lines. - Fjrst, pairs of color photographs of landscades were 6btained.
with a polarizing filter superimposed in front of tHe camera lens and
oriented with its.plane efvtransmissioh parallel to‘the pfane'of:polaf-.
ization for one photo of the pair, and normal to.the plane of polar}zatidn
for the other photo of the pair. The photos were taken.from the top of
a 1500 foot television tower at the time of the passage of the.ERTSflv
satel]ite od January‘h, 1973. fypica! results for the different
orientations of the polarizing filter can. be seen by the'two pairs of
photos of Figures 9.2 (a and b) and 9.3 (a and b). The fncrease of
" horizontal visibility obtainabie by proper use'of'pdlarized lfghtAcanfbe
seen by comparing Figure 9.2b with Figure 9.2a, the effect showing up
particularly well for the snow-capped Sierras at a distance of over
100 miles from the tower. The pair of photos constituting Figure 9.3
~show -the seffects of polarization by reflection. The‘most ‘obvious
differences between the two photos a}e the lower general overalf inten-

sity for the case in which must of the reflected radiation is cut out



Figure 9.2a. Landscape photographed with plane of transmission of
polarizing filter parallel to plane of polarization.

Figure 9.2b. Landscape photographed with plane of transmission of
polarizing filter normal to plane of polarization. ‘
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Figure 9.3a. Landscape photographed with plane of transmission of
polarizing filter parallel to plane of polarization.

Figure 9.3b. Landscape photographed with plane of transmission of
polarizing filter normal to plane of polarization.
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by the filter, and a difference in the ‘appearance of rippled water.

Not quite so obvious_are_the differences in the appearance of the fields
in the two cases, but a cérefu] éxamination will reveal détails }n one
photo that cannot be seen ig the other. For instance, the tracks of a
véhicle, easily seen in the upper left corner of Figure 9.3a, can |

, hardly. be detected fn Figure 9.3b, whereas the diagonal row pattern in
the upper half of the photos is more bbvious in Figpfe 9.3b than in
Figure 9.3a. As in the prev%ous case, the fraction of energy trans-
mitted by the polarizing filter is depéndentvon filter oriéntatfon;'
'makiné one of the two_pﬁotos considerably brighter than thé other;

A second type of photography was that of a motion picture obtained
with a polarizing filter rotating in front of the:camera lens. This
techhique, which.was developed atAUC Davis, shows bolarizatioﬁ effects
as a modulation of the intensity, the frequency of fhe.modulation being
twice that of the rotating filter. Thus it aids in visualizing poiar;
izing.effects in general, and reveals the objects in fhe photographéd
scene which polarize most strongly by reflection. About lSvaeet of
16 mm color film were obtained with the technique from the televisibn
tower during the passage of the satellite mentibned above. The film -
shows some quite dramatic effects obtainable with polarized light.

The third, and certainly the most important, result of photograbhic
work during tHe period was obtained as a joint effdrt with Dr.AV. Afgazi.
It is a quantitative representation of polarization effects which occur
in scenes such as landscapes, and there is.every expectation that the

technique will be applied relatively extensively in future studies
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to aid in discriminating among various types of surfaces viewed from

. om o mp ades c s

a remote location. The basic idea is the same as that described in

the discussion of Figures 9.2 and 9.3 abovéi Two photographic
negatives of the same scene are obtained, one photo in light éf one
plane of polarization and the other in light with the plane of'polarf
ization oriented normal to that of the first photo. The two negatives
are then scanned by digital techniques, and the difference in the
digital signals is cdmputed. This differénce, neglecting noise and
other random effects, is due to the polarization of the light reaching
‘the camera. Thus it is pésSiblé to build up 5 diéitized polarization
image of the scené,vin place of the‘USual-image resulfing from light
intensity only. The polarization ‘image should reveal features not
observable in the ordinary photographic image, and thus be a'va)uable
tool for remofe sensing applications. The polarization image may .be
improved by image enhancement techniques, once the digital scanning is
performed, and thereby adapt the method for optimum use in revealing
particular features of interest. |

The resulfs of a preliminary effort in this direction are shown in
Figures 9.4a and 9.4b and in #igure,9.5. The first step~ih the proéess
was to take two black-and-white photos in quick succession, with the
polarizing filter in front of the camera lens oriented differently for.
the two. The photos were taken with a Spéed Graphic camera ffom the
top-of “the television ‘tower near.Walnut Grove on January 4, 11973. ~The
negatives were then given to Dr. V. Algazi for digital processing

through the following steps:
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1. The. two negatiVes were scanned, one at a time, by a 500-1line
digital scanner, and the results were put on magnetic tape. The
amplitude of the signal from the scanner was inversely proportional

to negative density. This resulted in two sets N] and N, of numbers,

2
each set consisting of a value Vi for each of the resolution eléments
of the scanner. Each set could then be used to build up an 1ﬁagé on

" a te]evision monitor, whi;hAis the digitized analog of the original
negative. Phbtos of images on the television screen correspondiné to
the two original negatives are shown'for this case in Figures 9.4a and
3.hb. | |

from the two sets were used

2. The stored values of Vi and Vi

] 2

to compute a new value Vi by the relation

3
Vig = [log V., - log Viz] +C

where C is a constant introduced to raise the level sufficiently to give.

always positive values of the logarithms. Thus a new image could be con-

structed from the composite of elements Vi3; ~Asidevfrom the constant,

non-zero values of Vi resulted only in polarization effects in the

3 .
ofiginal scene, so in a real sense the new image is_a polarization photo.
3. Before this polarization. image was constructed however, the set

of Vi3 was subjected to image enhancement to increase tﬁe spread of
values and thus increase the contrast in the image.

b4, The final step was to display the enhanced image on a color tele-

vision screen and take a photo of the screen. The resulting photo for

~this case is shown in Figure 9.5. The scale was set so as to give a
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Figure 9.4a. Photo of
"~ television screen dis-

playing scene obtained

by digital scanning.

Figure 9.4b. . Photo of
‘television screen dis-
playing scene obtained
by digital scanning.

e e =

Figure 9.5 Folarizat}on
scene obtained from
digital scans.
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continuous progression of color from dark blue to red with an increase
in the degree of polarization oi\the light from the original landscape.

A close examination of Figure 9.5 and a comparison with Figures 9 .4a
and 9.4b reveals many featurés'which are readily-apparént in the colored
polarization image but which are either somewhat obécure or not seen at
“all in the original black;and-white photos. Watgr surféces show up in
the red end of the spectruh, as would be expected from the known polar-
izing-Properties.of water. Considerable defailtcan'be seen in the
colored image of>the canal, which appears;to be absent from the originals.
Details in the'fields.above and below the cénal in thenbicture,_the |
bolarizing propertie§ of which are not due to water, are much moré.apparent
in the polarizing.image than in.those resulting from intensity alohe, aé_
are many small individual points- along the roads and small étreams‘in the
-upper half_of_the.picture. It is possible, however, that\some'of the
fine detail near the top edge may be due to slight inaccuracies in regis-
tration of the two negatives during the scanning process.

This preliminary example gives just an indicat}on of the potential
for the use of polarizafion in distinguishing fgatures in natural
| situations. It must be realized that the processing methods have not' :
been optimized in this initial effort, that the view éng]es were prbbably
‘not ideal for showing polarization effects, and that the entire photo-
graphic sﬁectrum was used for the briginal black-and-white bhotos. By
more careful attention to the technical details and by a proper selgéfion

of film-filter combinations, it should be possible to .take further advantage

of polarization effects for image improvement and for use in the practical
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problems of remote sensing. The possibilities will be investigated

in more detail in the coming periods of this investigation.
ré.é MODELING OF THE REFLECTION MATRIX

The reflectfon of radiation from a surface can be completely
described by a reflection matrix which specifies how the incoming Stokes
vector which represents the incident radiation is transformed into the
outgoing Stokes vector which represents the reflected radiation. Let
fhe symbbl Q2 represent spherical cOordinafes 8 and ¢ and et Ii(QO)
represent the incbming Stokes vector which is incident at an angle 9.,
and let Ir(QI) represent thg outgoing Stbkésvvector which is reflectéd'

at -an angle Q]. The reflection matrix R is defined by the relatfonshiﬁ

I () = {R(g,,no)li(go)dno ‘ [l

This eduatiqn expresses in mathematical-Form_a_fundamental p(inciple
regarding reflected radiation: ' |
IF. THE RADVATION REFLECTED FROM A SURFACE IS TO BE‘DESCR‘BED
COMPLETELY, THEN-IT IS NECESSARY TO KNOW-THE COMPLETEVANGULAR.pISTRI;
-BUT!ONVOF THE INCOMING RADIATION'AND THE CdMPLETE DEPENDENCE OF fHE
REFLECTION MATRIX ON THE INCOMING. AND OUTGOING ANGLES.
"In other words, if the radiation reflected from é surface is
to be predicted, then the incident radiation must be measured and the
refiection matrix must be determined in- some manner beforehand. The'
Zdetermination of .the incident radiation will :be.discussed in the'next
section. The rest of this section will be devoted to a discussion of

the progress that has been made on the description of the reflection
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matrix for natural surfaces.

Because equation [1] is an integral equation, it is not practical
to determine the reflection~matr?x with a-general source of incident
radiation such as might be encountered outdoors. . However, if indoor
measuréments are made with a collimated source of light that can bebset
to various incident angles and prepared with various states of polar-
izaffon, then the keflectjon matrix can easily be determined sinCe"'

equation [1] reduces to

In the last.progress rebort laboratory méasuféments of_tﬁé’refleétiohil
matrix for several natural surfaces were presentéd. Althdﬁgh the—réfleCf
tion matrix could Be represented by.such a.set of discrete data poiﬁts,_

i; would be mofe.cénvenient to find a functional form which déscrfbes
the data because a large number of discrete data points_would be requfred
to adequately represent the reflection matrix. To facilftate the-paré;'
meterization of the reflection matrix a technique has been.developea
whereby the featureé of the surface of intérest can be easily modeléd.

it is necessary to make some fundamental assumptions before_fhe
reflection matrix of a surface can be modeled::

1. The characteristic properties of the surface may vary from
point to point. It is assumed that for a sufficiéntly small aréa AA, of
the surface these properties can be represented by some average values.

2. The area - AA‘is assumed to be small compared to the total

sample area A.
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3. The components of- the kef}ectéd electric vector are assumed
gpzﬁezlineariwjth (eipepgrgorthgicgmgpg¢25§/pf;;hg;igcidengryector;_
Parameterization of the reflection matrix can be broken ingé
three parts:
1. Effects due to multiple reflections of thé radiation
2. Cha?acteristics due to the roughness of the surface
. 3. Characteristics of the surface independent of surface structure.
These three effects are treated separatély by attacking the problem in
the following way. The single'reflection of radiation from a small area

AA with some local normal n is parameterized. The corresponding reflection -

matrix is called

M2y Ls o) = M(9).90,9,) o B
where QIL and QOL represent the outgoing and incoming spherical coordinates
wWith irespect to the ilocal pormai, an& ﬁn represents the spheriéai_coordi-
nates of the normal direction. A distribution function of local normals
for the entire surface, P(QA), which describes the surface roughness is
assﬁmed. The mean reflection matrix for single scattering'for the

entire surface in terms of M and P is

R, (2,,9,) = | M(2,,9,,8 )P (2 )de_ ' P(R )de | (4]

0

Given the complete angular dependence of R, the effects of multiple
scattering-can-easily-be calculated.using equation [1]. For exampTe,

the contribution to the reflection matrix for double scattering is
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' RZ(Q],QO) = R](Q],QZ)-R](QZ,Q])dQZ [5]

(Equation [5] assumes that the distribution of surface normals for the
second reflection is the same as the distribution for the fifst‘scattering,
although this res;riction need not be enforced.)

The M-matrix of equation [3] can be written explicitly in terms of
~the reflection properties of an optically flat surface. |If El’ Er répre-
sent the components of the_elettric vector for incfdent radfétion and
Ei} E; represent the components of the electric vecto} for ref]ectedbradia~
. tion, then the properties of an dptically flatASQrfaéé are:descrfbed-by'

the relationships

Ea) = Ay (9 JE () + Ay (@ JE (25,)

12 lL 01

and o - _ ' . : .‘A : [6}

MG NCTE OL)EZ( B0L) * Aa (580 )E, (9 )

The_derivation of the M-matrix in terms of the physical quantities A]],
AIZ; AZ]’ Aéé'is too lbﬁg to include here, but the results of that deri-
vation will be given: to indicate the complexity of the relationship.

The M-matrix is

Moy = M
Mg = mppl *+ 50
-M]3 = -rlzD + rlBC
My, = 0

-— [ ]
MZ] = rZ]C +.r3]D



\

= ' : |
My, = (rypC + rysD)C + (ry,C+ (r5oC + 1y D)D
Myz = (-rzzD +:rz3ciC o (:T32p,t 233C?D-7—
Moy = O
= - ! ‘
Mgy = g gt
= - ' |
Ms, (rppC + rp30)D" + (rg,C + ry30)cC
- - - ' - '
Mgy (-r,,0 + r23C)D + r3p0 + r33C)C
M3b =0
Mg = Myp = M3 = 0
Muy T Ty
where
2 2 L2 2
ryy = (A} * AT, *+ Ay A5,)/2
— 2 - 2 2 - 2
Fig = (AT) = Ajy + Ay - Ay,)72
_r]3 = Al]AIZ +VA2]A22
_ (a2 2 _ a2 _ 24,
fa1 = Ay A T Ay T Ryl /2
Fag = (A1) = Ay 7 Ry RAy,)/2
23 7 Atz T Aarh
r3) = AlyAgy A]2A224 -
F3p = Azl ~ Aha
F33 = ARy + AyAp,
wy T Anf2 T At
-and
2 2 =
¢ - nl -6 D = 2A8,
| - 2 - 2 b= |
C' = Ay - B ’ Bl
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where

Ao = [Sin eo'Cos 8n B Co§ 60 Sin 6n COS(¢0 ) ¢")]/Sin ¢0L‘
8, = Sin 8 Sin ¢§L/Sin 8
A] = [Sin el cés en - Cos 6] Sin Gn C05(¢] ; ¢n)]/Sih S]L‘
B, = Sin Gn Sin ¢]L/$in 6‘

]

can be derived from the relationships

- Expressions for eOL’ ¢0L’ elL’ ¢YL

Sin 8

oL Cds ¢ = Sin 8, Cos en' Cos<¢0 - ¢n) -”Cds 90-Sin 8
Sin 8, Sin'$0L'= Sin 8, éin(¢0 -9,
Cos 6y = Cos 8, Cos 6§ + Sin 8, Sin 8, Cos(¢0 —:¢6) _[7l
Sin 8, Cos ¢iL = Sin eIVCos en‘Cos(¢i - ¢n) - Cos QIVSin o,
Sin n Sin ¢1L = Sin g, Sin(¢I - ¢n)

Cos © = Cos 9

n ]CPSSnf Sin 8

Sin o _ cOs(cpl - ¢)

1 n

Modeling of the reflection matrix consists of (1) parameterizing

the functlons A]], A]Z’

quantities such as the index of refraction, and (2) parameterizing the

Ay and A,, of equations [6] in terms of physical

normal distribution function P(Qn) to describe - the surface structure.
Computer programs are being developed that will allow the complete
reflection matrix to be calculated by the method which has just been

discussed. ngeral simple models for Al Aiar Ayps Ayys and P(Qn)



will be tried in hopes of finding a simple parameterization of the
VrrefregéiQnimatjix fqrzsiygral Waéyrij:Fﬁff?¢¢5“that,Wi[1,EQYQiV?,iPZF g,¢ B
a few fundamental parameters.
9.4 MEASUREMENTS OF RADIATION INbIDENT AT THE SURFACE

As is well known, the characteristics of a landscape may be observed
to greater advantage under one lighting condition than under another.
The properties of the reflected light are a function of the direction,
intensity, spectral distribution? and polarizaﬁion of the incident light,
as well as of the details of the surface itself. Thus by knowing the
transfer matrix of the atmosphere and the reflection matrix of the
surface material, it is possible in principle to compute the entire
Stokes vector for the light reflected f}om the surface and used to char-
acterize the surface from a remotely located platform. The atmospheric
fransfer matrix must be known for a variety of atmosbheric conditions

flexibility in the remote sensing application, the

.
in Ardear tA arAaur d
L S Nt ) -\ '-’I\/'.U

[0}

conditions to include both very clear atmospher.ic.cases, very turbid
cases, and various conditions between. -

We were fortﬁnate tb;get an opportunity during the reporting
ﬁ§ETPod'to:measure.the Stokes "parameters of light:neaching.mhefsunﬁaée
‘under extremely clear atmospheric conditions. This was made possible
by cooperating (at relatively little cost to this project) with another

investigation désigned to detect atmospheric aerosols.by their effect
onuskyiight:pokar}zathongst{mhe Mauna .Loa.Observatory on the isltand -of
"Hawaii. The joint measurement program was carried out ‘there during

February andlMarcH, 1973. Although data reduction and anal?sﬁs-are'not
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complete,’sohe preliminary results are available.

The Mauna Loa Obsérvatory,\at an altitude of ébdﬁt 11,200 feet,
™~

is characterized by extremely clear atmospheric conditions. Notionly
does it have generally ocean}c conditions, but also the Observatory
is protected from ldcal sources of contaminatién By béiné abéve the
trade wfnd temperature inversion. It is tﬁe site of the cIimatoIégicél
monitoring station of the National'0ceanic and Atmospheric Administration,
and therefore has the facilities necessary for iﬁstrument opefatiqns.'.

The observétiohal program consisted of repeated measurements of
the-intensity énd state of polarization ofﬁthe.ligHtAfrom the“sunlit
sky, the measurement; being made in eight differeht wavelengthg and'at:
intervals of sometimes th and'sometihesvfive degrees of angle throughout
the plane of the sun's vertical. In the interests of simplicity, dafa
were taken only in cases in which the sky was less than pne tenth
covered with clouds.

Figure J.6 shows a typical set of measurements of the poTarizétion ‘
taken at the Mauna Loa Observatory on March 25. During the_period of .
measurement there were 21 days suitable for co]fection of data. A total
of 372 runs similar to Figure 9.6 were made at wavelengths from 3200 to
9000 Angstroms. Approximately 185,000 data values were recorded on
magnetic tape during this period.

In order to study the behavior of the polarization in detail, é
functional form was used to parameterize the data. Lét & be the
scattering angle defined as the angle between the sun and direction of

observation in the plane defined by fhe'sun, the observer, and the
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A3 = 0.007 +0R- 0.001
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zenith. . It was found that the phenomenological form-

P(8) = Ay + AR(®) + A Sin 20 + A Sin 46,

0 2 3

where R(9) = (1 - Cosze)/(l + Cosze) is the Rayleigh phase function,
described the angular dependence adequately. The vélues of the para-

meters AO’ A, A, and A, and the resulting fit are shown in Figure 9.6

1 2 3

for those particular data.

The behavior of the parameters A., A,, A,, and A, on a typical day

o’ "1’ 2 3

are shown in Figures 9.7,‘9.8 and 9.9. Figure 9.7 shows the parameter
for the Rayleigh phase fuhction; A., during the morning;'-A is largest:

1. 1

at approximately 6000 Angstroms, and decreases from early mornfng'to'

forenoon. Figure 9.8 shows the parameters A and A, for the same.

0 Rz 2nd A
time period. Each of these parameters has a definite characteristic
dependence on wavelength. A, andAA3 show little‘chénge (except for

approximatelyvl'percent scatter), while A, decreases at the shorter

0
wavelengths as the day progresses. Figure 9.9 shows the parametér Al
from late afternodnvto‘sunset.

Not all of the data frpm the Mauna Loa Observatory have been
analyzed as yet, so it is:foo early to say anyth}ng more about these -
measurements. ‘However, it is promising that the polarization data
can be parameterized with a simple form. When a complete parameter-.
ization of the incident radiation has been achieved, then the rgfiection
‘data for natural surfaces can be used to predict the Stokes vector fdf

for the reflected radiation, and this prediction can be checked against

outdoor measurements of the actual reflected radiation as measured by
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the polérizing radiometer.
9.5 ATMOSPHERIC MODEL COMPUTAILPNS

Effort in this area has been confined during the period to £he'
development of computer prog}ams for computing the cﬁafacteristics of
radiation-emerging upward and downward from the étmosphere. All of the
four S;okes parameters are included, so as to retrieve: the entire infor-
mation con{ained in the radiétion stream.

The m&déls cbnsidered so far are the clear Rayleigh atmosbhere and

. an -atmosphere with a number N aerosol particles per unit volume of a

~size distribution.which follows the power law

dN
/dr = ar

‘where r is particle radius and a and b are constanfs. There.i§ sohe
.evidence that this distribution {s an abprdximéte description of the
mean worldwide aerosol characteristics, but in reality it does not
‘necessarily describe the.aerosols in a given atmosphgric_situation. Since
aerosol properties vary widely in sHort pefiods of time at a given loca-
tion, aﬁd evén more widely among various locations, ahy_model must be
viewed as only an example of possible aerosol characteristics, and not
~necessarily those which exist at a given time. Thus it wi]l be necessary
to study a considerable number of different models in order to establish
the types of variations to be expectéd.

As mentioned in a previous report, a sét of computer programs for

aerosol computations has recently been developed under NASA sponsorship
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by Dr. J. V. Dave-of IBM in Palo Alto. A copy of these programs

has now been obtained for use in the present study;.Alt is planned

Vto adapt the programs appropriétely fér ;peéific atméspﬁeric ﬁéde!s
in order to decrease the computer fime requirements, which tend to be
excessive in their present forhat. These modifications and use of
the programs in computations of image transfers will be carriea out in

the coming period of the project.
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