o 2 paa038-00L

ARty

5, ‘b*' ;,'fl o
N % ‘..\ l. h4 | -
"L\:‘_.‘?}‘J.‘ L "-“\.:‘-\_—-l -
V
A?)
| ) .
e SN i ‘i':‘.'!' s H N ' l#;""::i
v |!i ERRAT I

NBSB CR-1371148) INVENTGRY AND ANALYSIS N'Iﬂ-18024
, OF NATURAL VEGETATION AND RELATED

BESCUECES FROM SPACE AND HIGH ALTITUDE

' PHOTOGRAPHY Remote Sensing (Oregon State Unclas

LUpiv.) 63 p HC $6.25  CSCL 02F  G3/13 16547

: f‘i:,,‘::‘mlu};‘l'.i;:\fe)‘.ai:\};_;;i;’{é:mes b A e o e -Jh. l o b e mad Al
E TECHNICAL LIBRARY COBY }

NASA - WALLOPS STATICN mﬂ
TJ“A!!DP”!J?" . B, !

T TR I  T SET OB Ly ol e ol

1A~



REMOTE SENSENG APPUCATION S

INVENTORY AND ANALYSIS OF NATURAL VEGETATION
AND RELATED RESOURCES FROM SPACE AND! -
HIGH ALTITUDE PHOTOGRAPHY '
by BT
CImrlesfiB. Poulton 7 | : 'I
' o . i
Range Management Program [ f‘
Agricultural Experiment Statior I |
Oregon State University H
EERE S
Final Report 51 30 Scptember 1972
L
A report of research perfonned under the auspzces of the |
_ Forestry Remote Sensing Laboratory, | X ; SR
i [ :
School of Forestry and Conservatlon S
" University of California o _ S I L
* Berkeley, California 4 o : TR

" A Coordination Task Carried Out wn Cooperation with

EARTH RESOURCES SURVEY PROGRAM
OFFICE OF SPACE SCIENCFS AND APPLILATIONQ;
NATIONAL AERONAUTICS AND SPACE ADMINISTRATIQN

f
R

The Forest Service, U. S. Depar,lment of Agriculture | E
|

s b
N o
Lo
. ) - B
. e e
Oy
Al I o
R ri —_
i : :!!i .
' l : -
j e ‘\
NN i



. PREFACE .

~ -

On October 1, 1965, a cooperative agreement was‘SIgned"Bethen
tﬁe Naflona!.Aekdﬁautlcé'éﬁd Spadé‘Admihlétrat[dn (NA§A) and the U.S.
Department’of Agriculture (USﬁA) authorizfng research to be ﬁﬁdértaken
1n remote éenslng as related té Agricuiture,'ForéstFy ah& Range Manage-
ment under funding brovfded B# the Subboétingzﬁasea?bﬁ Eﬁd Téchndldgy
(éRéf)zbrogram 6% NASA, Coﬁtract.No. R-09—038;002; USDA‘déslgnéted°

the Forest Service to monltor and provide grants, to forestry and range

'“iﬁahagement'fésedrch workers. All such studies were.édﬁénistered by the
Pacific Sﬁﬁthﬁest Forest and Rangelfxpérfment Statiaﬁ iﬁ Bérkeléy,
California In é§0peratlon with the Forestry Remote Sensing Laboratofy
of the University of California at Berkeley. Professor Robert N,
Go!weli of the Univgrslty of California at Berkeley was designated
coordinatqr of these research stddleé.

. Forest ahd.range research studles were funded éither directiy with
the Forest Service or by Memoranda of Agreement wlth cobperatlng univer-
sities. The f$1}owing Is a 1ist of research organizations participat-

: jné in the SRET program from_October 1, 1965, unti) December 31, 1972,
| 1. AForest Service, USDA, Paciflc Southwest Fo}est and Range
Experiment Station,'Befkéley,'Cailfornla.
7_12,_ Forest Service, USDA, Rocky Mountain Forest and Range Exper-
fment Statlon, fort Callins, Colorado, |
3. Sﬁhool of Forestry and Conservation, Unlvefsity of talifcrnla,

‘Berkeley, Callfornia.

L. Schooi of Forestry, University of Mlnﬁesota, St. Paul, Minnesota.



5. Schéol_of Natural Resburcéé; University of chhlgan,'Ann_
Arbor, chhlgan. ) |
7 é. Department of Rangé Hanagéﬁent, O;egon State Universlty,
_ Corvéflis, Oregon -
L Th:s report summarizes the signlficéﬁt flndinés of th;s regearch
"_Qnd identifles research results which have been applled or are ready
tqu apﬁli;atlon. “In addttfon, the work carr!ed on. for the reporting
.period Uctobef !, 1971, untIl December 31, 1972, is descrlbed in detaif.

A !Istlng of all research reports produced under NASA SR&T fundlng

for forest and range studles can be Found in the Appendlx of thns ,

report.



ABSTRACT

This flnal report covers accompllshments of a project supported
by the Natlonal Aeronautucs and Space Admlnlstratlon from 2] May l968
through 30 Aprtl 1972 The work was carrred out ln southeastern -
Arlzona on and ln the vnc:n|ty of NASA Test Sltes 29 and 220 and w|th|n
the flight tracks of Apollo VI, VII, and IX. Earth Resources photo- |
‘graphs from each of these m|55|ons, and photographs taken durlng :
Gemln: IV were used in the reSearch alonq with hlgh altltude and
‘conventnonal aerlal photography A untfned land uSe and resource
analy5|s 5ystem was devnsed and used to develop a mapplng legend for
the above ‘test areas. The natural vegetatlon, land use, macrorellef
and landforms of northern Maricopa County, Arlzona were analyzed and
|nventor|ed Th|s :nventory was |nterpreted in relatuon to the o
Clltlcal ploblem of usban expanslon and agricultural 'odurtlon in tho
_ study area. The central thrust of the research program has been to
develop methods for use of Space and Small~scale hlgh altltude aer:al
photography to develop lnformatlon for land use plannlng and resource
allocatlon decnsaons The report descrlbes accompl:shments of the

VQJBCt in detail under the headlngs of Summary of Research Results
MaJor Slgnnflcant Accompl:shments and Accompl:shments in the F:nal
Reportlng Pernod All reports and publicatuons resultlng from the
pro;ect together wlth some of the key references upon which the pro-

ject drew for background and supportung lnformatlon,are C|ted

I
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Final{y{ thanks is also extended to Frank and Ariel Appleton,
owners of The Research Ranch Elgin, Arizona, for providing I|V|ng

quarters for our field crew during the 1971 season.l



" TABLE OF CONTENTS

PREFACE . o v u'u e e

ABSTRACT . . v v e v e e e e e e

ACKNOWLEDGMENTS & . . . . . . . . . . .. ..

“INTRODUCTION AND BACKGROUND . . . . . . . . . <« ..

SUMMARY OF RESEARCH RESULTS DURING THE
PERIOD MAY, ISGB-OCTOBER, 1971 . . . . ..

MAJOR SIGNIFICANT ACCOMPLISHMENTS . . . . . .
A Unified Ecological and Land Use Legend

Demonstration of an Ecological Resource

System

and

Land Use Analysis, Maricopa County, Arlzona

~ Plant Soclological Classification of Desert Uegetatibn(. .

" Application by an Independent Agency . .

Meaningful Local Contacts and Extension of Results .
‘Rangelands in fhe NASA Earth ResourceS'Progfah .

ACCOMPLISHMENTS IN FINAL REPORTING PERIOD . . .

Preliminary Vegetation Classification in
Tombstone, Arizona Vicinity . . . . . .

Short Courses and Training Sessions . .
Legend Revisions . . . . . . . . ...
REFERENCES . . & v 4 4 v % 8 4 v s v e v s

APPENDIX A v v v v v v i e e e

vi

. . «

the

LI I ]

12
i
s
18
18

. 19

20
35
36
7
49



’ .. INVENTORY AND ANALYSIS OF NATURAL VEGETATION
AND RELATED RESDURCES FROM SPACE AND HIGH*ALTITUDE PHDTOGRAPHY

by
Charles E. Poulton
‘Rangeland Resources Program

Agricultural Experiment Station
Oregon State University _

INTRODdCTION AND BACKGROUND

At the t}me.of our initiat tnvolvement In the Earth Resources
Survey Program of the National Aeronautlcs and Space Admlnlstratlon,
late in 1566, Itttle attention had been paid to the potentlalltles.
for\egaunkmal |nterpretat|ons from'space photography; In December ot.
that year, C E Poulton of bregon étate Universtty andiﬁd.hoherts ot
the Fore= "y Remote Sens:ng L oratcry' 'r?versity ot taliforn‘a,.
organized and conducted the flrst on-site evaluation of the potentnal:ty
for mapplng and |dent|f|cat|on of natural vegetatlona! features of the
earth's surface from a frame of Gemlni IV photography taken in the
V|c|n|ty of Tucson, Arlzona, (Carneggle, Poulton, and Roberts 1967)
Thesa results were 5uff|c1ently encourag|ng that a research program was
proposad through the Forestry Remote SenSIng Laboratory to deve}op range—
land vegetatlonal unventory and ana!ys:s capablllty through the use of
space photography. In the following year, this program was modestly
funded through the Pacific Southnest horest.and Range Experiment Station
and.the Forestry Remote Sensing Lahoratory, and ser?ous inyestigation and
procedural development research was |n;t1aLed .The nen researchrwas able

to build on a background of some years of resource analysus research and



many years of range ecology research lnldiverSe environhents that had
been carried out by Poultoniand his graduate etudents_at Oregon State
University. | |
From this initial work'by Roberts and Poulton,_the following were
evident: | .
1. Many kinds of vegetatlon-soil 5y5tehs'were uniquely imaged‘
on the Gemini photography. a |
2. When rangeland resources.are considered in the context of
vegetatnon-sonl Systems, as the group at Oregon State Unnversxty had
trad:tlonally been donng since the early 1960'~, the more openly
vegetated areas presented unique advantages over forested lands for
lnvestlgatlng the potentials and limitations of space photography as
a resource |nventory and analySIS tool _‘In these env:ronments it is
possible to see essentially the whole ecosys tem, that |s, usually to
see all layers of the vegetation and in arid environments, the amount
of exposed sonl surface that is normally expressed in each ecosystem.
3. Nhnle scale is small and resolutlon much reduced over the |
aerial photography with wh:ch we were accus tomed, space photography
presented some unlque advantagas through !tS synoptlc coverage. The
smaller scale also enhanced the economic fea5|bsl;ty of color and color
infrared photography. | | “ |
h. Depending on vegetation densnty, |mage character:stucs were
controlled on the one hand by vegetattonal features (|n moderately dense
to dense vegetations) and by soil surface features in the more sparsely

vegetated areas. Because of our prior research on vegetation=-soil



relationships that had repeatedly and suéceésfﬂlly rei;ted phy tosocio-
Iojical vegetation classes to soll taxonomic classes, we felt that there
was tremendous potential interpretive power to be Qained from an under-
standing of various vegetation-soil relationships. |

5. Especially in the desert thjroﬁﬁeh;,'relafionshibs beéQeen
Iandforms'ana vegetation were good. Thus, another important photo .
identification fechnique became poésibie through”reading the landforms and
“telating theseé to the ecosystems that Eompfisé the landscape (vegetafidn- )
'soil systems). i |

6. Comparisons of our initial mapping éttémptslwiéh eXIStiﬁg
synoptic vegefétioﬁal }esource-maps of the region shbwed Qery clearly -
that many highly meaningful corrections in vegetational resource maps
. cogtd easiiy be madE'through.thé use of space photogiaphy .
7. Certain important vegetational features could not be discrim=
inated br identiffed from the space photography. Therefore, in sbite
of the power b%'this new syStem, aircraft photography is gtili needed
but in a new mul%istage sampling mode, ground work would still be
imbortant‘in opéfational sufveys, and more sophisticated remote sensing
s;ﬁtems‘shbuld be i@vest}gated for their discriminating power in'thesg

instances.

N

SUMMARY OF RESEARCH RESULTS |
" "DURING THE PERIOD MAY, 1968-0CTOBER, 1971 -

This project had its origin in two cooperative activities between
the author and col leagues at thé Forestry Remote Sensing Laboratory,

University of'Célifofnia,'Befkeléy. First was the development and



writing of a statement placlng range management problems ina regionél
gnd world perspective and a summarization of ‘the rolerremotglsensing
should play in the sqlﬁtion of range management problems (Carneggie, 1967).
In this same publication, Poul ton, with Roberts and Carneggie,-rcported
on fhe:ﬂfeasibility of analyzing range and related reéoﬁrces from Gemini
color photography.” This preliminary wﬁrk with Gemini IV.photography
. taken 5 Junell965 over southern Arizona clearly demonstrated the inter-
pretability of ;ertain rangeland ecosfstems from spgce.iméggry and showed
hos vegetational resources maps could be improved by use of this imagery.
This led to a-proposalAwhich was funded tﬁrough the U.S. Department of
Agricu\ture, Forest Service, beginning Z1 May 1968. following is a
summa ry of the most significant accomplishments in the research program
'between this date -and concluéion of the project_dn.BO‘April 1972,
I.‘:Deyelopmenﬁ and successful demonstrétion of a.uﬁified? hierarchical
legend system for annotation of natural vegetation,riand use, and important
physical features of the environment in an ecologically meaningful context.
These concepts were u;ed to develop a specific legend for northern Maricopa
County, Ar;zona; and a tentative legend for the Tucson-W|llcox Douglas area
(NASA Test Site_220). The legends are now being updated under'cont:nuqng
ERTS-1 investigations. a
2. Production of an'integréted ecological resource and Iand.use
|nventory of most of Marlcopa County, Aruzona (Phoehik-area). Both
Apollo IX color |nfrared and h:gh-altltude anrcraft color and- color
|nfrared photographs were used, The inventory treated natural vegetat:on,
macrorelief and Iandform with examples of descrupttve and |nterpret|ve

legends for selected ecosystems as mapped.



3. Inierprqtétioﬁléf the aboveﬁﬁaps in terms of the urban-
aériculture iﬁﬁerfécé problem that is of critical importance in this
area. This provided a demonstration of how ecological resource inven-
tory can be used in land'uéélpianﬁing. Séme reséurcé'ﬁanagefs have
recognized the végﬁtationaT mapping as anwlﬁprévemeht over older
available maps. Copies of the ma p wére made avaiiable as uncontrolled
photo mosaics to local agencues,and the |nterpretat|on was published as
part df'thg 1971 Arizona Regional Ecological Test Site Symposium
‘Proceedings. On the request and arrangement of a‘ldcalréitizén;”

Mr. Frank Appleton, a presentation of this work was made by Barry J.
Schrumpf and James R. Johnson of our staff to the Speaker of the Arizona
House of Representatives ana the President of the Semate. All this work
collectively may have helped create a Favoraﬁie enéironmeht.forAfhe
'coordlnated ARETS (Arizona Regional Ecologlcal Test S:te) program that .

" is ‘now under way because it vnvndly demOnstrated practlcal values in

solving recognnzed problems. -

4. A displéy“b?epéfed by the Range Club at Oregon State Uhfvergity
.“Bésé& on the above Maricopa County work and entered in national competi~

‘tion at the American Society of Range Management meeting in 1971 was
;aWafaed first place. The display poftréyed the use and relevance of the
inyehfo}y data in land use planning.

5. Assisted the Bureau of Land Management to use our resource analysis
techniques and'légghd in performing a success ful biIOt inventory of part ‘
éf‘fhé California Desert. This was the 5€értiﬁg poiat in'a new desert’

land use planning and management program. With minor modification, our. .

. F



our Iegenﬁ system and techniques were found applicabie:to the'fewl
additional vegetational types peculiar to the California,Desgrt.

"_ﬁ. pur Maricopa County photo mosaic clearly demonstrated the
superiority’pf;hjgh-altitude (l:IZD,ODO-i:ZSO,GOO), metriq_quality
‘photography for sthing land use;\and resourbes in clear'perspective_
and for monitoring land use change. | ‘ |

_“7._ Presented a suggested procedure to NASA for the quick-loog
evaluation of Space imagery as an input to the ERTS catalog record
This included examp]es based on Apollo VII and IX photography from Tibet,
Mississippi, and Southern California and made use of our broadest legend
classes. whiie.it Qas not possible to use this suggestion in the.roﬁf
Atjne ERTS=-1 program, we are finding the procedure most épprqpriate for
quicg-look ana]ysisrby our present:mulcidiscipline ERTS-1 team at
Orégon State:University. -

. 8. _Compietion of a hie?archical classification of natural vegetation
in the'viclnity of Tombstone, Arizona, by the application of numeriball
taxonomy corcepts, discriminantlfunctlon analysis and established plant
sociological principles (Garcia-Moya, 1972} . This provided a demonstration
of how one shouid determsne and characterize ecosystem units and develop
t he landscape legend‘classes. Recognition criteria and keys ware prOV|ded
This WOrk is currentfy being used in ]ntensive vegeta;ional resource
mapping from large-scale aerial_photography in prepgration.for an image
characterization study and in final refinement of tHe southeastern Arizona
legend. A unique feathre of Dr. Garcia-Moya's work was the use of bofh
higﬁl¥l@ht‘(U§CS)'and convehtidné] scale doTor.photogréphy'(NASA) to

stratify‘his study area preliminéry to the location of ground observation



points. Traditioﬁally, students of vagetatlon-environment relationships
have tended to locate study areas from ground examination only and to
use coﬁventionél aeriaf photography fof stfatifitatfbn'giggi the localized
s tudy areas have been determined. | |
' 9."DeveIopedrcomput§f software for generating ﬁiant symbol lists

and‘prépared a plant symbol list for ;pécies'fbund-fn.Test Sites 29 and
220, The 1list was based on somé‘previouslwork'that'was partially'éupported
by a supplemental grant from the Pacific Northwest Forest and Range Expérim
ment Station. ' The computer program organizes species lists, assigns plant
symbols as a shdrfhand for field use, dp&ates such listings, and handles
isome’“‘-:-nsPects of synonomy. The programé are operational at Oregon State
University and could easily be used to add SYmbo]izatidn for all species
in southwestern Arizona if ;uch Qere deemed desirable (Gérrison,'gg'gi,
1967). |

- 10, Performed azmacrorelfef-landforms interpre£afion study in Test
Site 220 with Apollo VI stereo photogfaphy and demonstrated some of the
advantages of stereo interpretation from Spacé. |

11. Visfted Test Site 29 on ‘one occasion with Dr.‘C. T. Youngberg,

Department of Soifs, Orégon State University, and détefmined that'SOme
of the soils classes mapped in the Maricopa County Soil Association map
could be related:to'our Vegetationgl legend;and‘the two systems could have
' been effectively treated togetﬁer. We then did a small test in part of
Sftg 29 to determine the compafibftity of the two delineations and
"the problems involved_iﬁ combining these separaté soil and'vegetation'

inventories into a meaningful interpretation. The conclusion reached |,



was that it could have been done, but there was noc urgent reason to
complete tno tosk because noth mops were avallable to neople who may
have needed to oon§iderrthe combined vegetation and soils information.
12, .Provided on-site ground truth for use in interpreting
Apoilo |magery and numerous aircraft support m|55|ons -An attempt
was made to get multndate alrcraft c0verage of Test Slte 220 at all
_critica! periods for a multidate interpretation experiment. We con=
ceivgd and planned thig experiment, but were unable to_oarry it out
‘because at the conclusion of tnis project, we still had not received
_ usanle aircraft inagery from the critical August'Sumnér-green period.
F:fteen ground locations ware established as control in this experiment.
-These have been photographed and carefuiiy documented at snx dates through
the phenological stages.. They have been periodically rephotographed as
an indication of_variation‘in phenoiogy,' We were anie to demonstratel
the power of muitidate imagery_for mapping and recognition of natural
.vegetational teatures. This work set tne stage for a.thonough.study of
the concept under our ERTS-1 project. |
13. Partacnpated in the 5-065 experiment aboard Apoiio IX and con- -
trtbuted 5ubstant|aliy to the deveiopment of ground truth and range .
resources support for that experimenti All ground truth and photo sta-
tions as neil as'the areas covered by low-elevation aerial obliques have
beenrpiotted on'USGS topogrophic}sheets at a scale of 1:250,000.- This
has provided necord control, a'mechanism for acceos to the data, and a
way to relate such information to image locations in'tne-SPace ond:nigh-'

altitude photography.
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14, 1In collaboration with Richard S. Driscoll, Rocky Mountain
Forest and Range Experiment Station, our project demonstrated one of
\ . .

two approaches to the use of space imagery for multistage inventory of

range resources. We made use of Apolio VI, U.5. Geological Survey,

~.
-~

- 1:250,000, and ﬁASA, 1:16,000, é?rcraft photography. Tﬁese procedures
are-scﬁeduled for further development by James R. thnsoq in our con-
tinuingERTS-1 study. '
iS. Performed work in cooperation with the Laboratory for the'.
Appliration of Reﬁote Sensing (LARS), at Purdue in the analysfs of
.multi-spectrél linescan dafa over an eastern Qregon tesf'site. This _
was done in order to better understand the capability of multispectral
. scanner systems to. detect important‘raﬁgeland gdosyétem;; or features_
thereof, and to determine the multispectral signatures of selected
: Qégetation-sail Systems. FO; fgn&ing reasons, if_@as not poésibjé
to carry this work to a satiéfactory conclusion, bqt.results were
encouragihg in some respects. They were diécouraging in that some
sagebrush steﬁbe éEOSysfems seemed TnSeﬁaFable’by fhevéingie date

(late May) of mulfisﬁecfral-data.

. MAJOR SIGNIFICANT ACCOMPLISHMENTS

During the Iife_of this project, the five most défjpitive and
_important-adcompiishments from the rangeland resources'bqint qf view
were: |

1. Developmént of a unified ecological andllgndﬁqse Iegend sys tem
iideaily suited to synoptic and multistage image analysis.

, ' R AN o



2, Application of such a Sys;eﬁ to démonstrate‘an ecological,
resource, and land use analysis of northern Marlcopa Codnty,Afizona,with
lhterpretationS'addressed_specifically‘to the urban expansion problem.

3. Completion of a detailed plant sociofogical c[é;sification of
desert vegetatibn.in the Tombstone, Arizona, vicinity'as_ah illustration
of 'how the broad as well as detailed ecologicallegend unft shouid be |
deve loped by apﬁlféation of plant sociological principles and numerical
taxonomy .

L, Suceess%ul use and application of the procedures by an inde-
pendent agénc?. | ‘ | ) |

| 5, Impoftant.contacts with key information users and legisTators
in the southeastern Arizona area in order td help create an environment
~ for and a beneficial stimulatory impact on what has become a major.
multfdisciplinéry, multiagency space applications program_in‘the

Arizona Regional Ecological Test Site (ARETS).

A Unlfled Ecological and Land Use Legend Svstem

Prior to the advent of space and small ~«scale, highflaght aerlal
photography, the need did not really exist for a unified Iegend 5ystem
applicable in the 1nterpretation of 5ynopti; imagery. History had created
a situation Qhere,rworking within the confines of theirrown responsibility,
each agency or landowner could develop his own uﬁiqﬁé ]egénd without great
concern for coordination. 1In addiﬁion, most legend sfstems had evolved
- Wwith a strong disciplinary or user-interest bias. None had really
addressed itself to the question of a meaningful ecological legend that
would permit an interpretéfion of fandscabeé usefﬁ! in-alj areas of

!

management.

10
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" Thus, in addition to providing a.unified, fntegrated legend system,
‘aﬁother objective in legend development was to provide a sound ecological
framework based on the plant sociology of natural éommunities of plants
as thé index of unique'kfﬁds af‘envirénmeﬁts, Since maﬁ has impacted
the natural environment through'land use changes;-the need was ajso
immediately obvious to incorporate some measure of land use assessment
into the ecological legend system. This need also received attention
throughout the life of the project. Finally, experience had already
demons trated that full exploitation of remote sensing capabilities ~=
especially in.tﬁe'contEXt of an ecological resource énalysfs -~ created
such masses of data that any'suitablg legend system mus t be readily compat-
ible with computerization fn information management.

As we approached this problem, it was also appéreﬁt'that_the-
classification syStem used should be hierarchical and adapted to the
growing concept of multistage remote sensing, since availability of .
space and high-flight as well ‘as conveﬁtionél’aircrafﬁ ﬁhotography to
the civilian 5ectof!had created some entirely nEQ'oppdrtﬁnities for
multistage sampling of natural resources. Thus,a faqet of multisfage
compatibility was intentionally built into both the classification
*lsystem and the legend‘symbology._ |
Progress in .the development of fhis legend Systém has involved

" changes and improvements each year during the life of .the project. These

.. have beén previously reported in Annual Reports and special reports

(Pettinger, et al., 1970; Poulton, Driscoll, and Schrumpf, 1969;
Poulton, Faulkner, and Schrumpf, 1970; and Poulton, Schrumpf, and

»

Johnson, 1971).
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Our most recent legend is presented in a subsequent section of

this report.

Demons tration of an Ecological Resource and Land Use Apalysis
‘ : MHaricopa County, Arizona

- As these_proééduresland thé legend system began to mature, we

. felt the need for a practical demonﬁtratioﬁ of their'app]ication-jn

~ a'reasonably larce test area. We were scheduléd and'equfpped to do_
this :in connection with the early phases of the 5-065 Exberiment on
Apolio IX as it passed over tﬁe Tucson-Willcox-Dougiést Arizona areé,

. ‘NASA Test Site 220. Even though it was extremely disappointing to a
tremendously large team of scientists to have this.mission es;entialiy
aborted by cloqdhcoyer,fwe fortunétely were in a position fo shift

our demonstration area to northern Maficopa County as soon as ft was
1Earned that the Apolto IX mission obtained usable photography at

this alternate latitude. Availgbility of similar high—a}titude‘photo-
graphy over NASA Test Site 29 created an ideal opporfunfty to pefform

a comparative'demohstration with both space and high=altitude photo-
graphy. One of our objectives was to determine how quickly a large

area could be meaningfully analyzed by using these two kinds of imagery.
While we hoped that the end product would be useful, our primary pufpose
was to.demonstfate,‘test,and imprbvé tﬁe techniques and tegend at a

| broad vegetational resource and land use classificatipn level. Our study
area was all of northern Maricopa County inclﬁded with fhe Apollq IX
‘flight path as well as NASA Test Site 29 which encompéssed ﬁost of

nor thern Haricopa'County.

12



‘We first applied thelvegetetioh and land use legend fn an'
inventory of northern Maricopa County, Arizona. ThiS‘was eccomplished
by using one full Apollo IX frame and the pottions ot'edjoining‘frames

(Poulton, Johnson, and Mouat, 1970). We followed this with a similar
mep prepared froﬁ-interpretatiOns of high;altitude Ektecﬁrome'aerial‘

. photography. This treatment was at'a:mueh Higher ievel of detail
because of larger scale and increased resolution., The two‘maeping'
‘resul ts were eresented on uncontrolled mosaics prepared in color infra-
red from the Apollo IX imagery and‘tn black-and-white from the color”
'photography |

The high=altitude photomap was prepared by selectlng one fl:ght

path out of the five available, delineating vegetation, land use,
macrorelief and landform classes oh'that_samp!e'strip} The strip was"

=7 then essehtially 100% ground'ehecked to develop the image-subject relation-

shnps and to conflrm tdentlflcat|0ns Most of the remalnder of the

area was then photo |nterpreted to c0mp!ete the task _Map preparation

was not i ntended to;prOVIde an entirely accerate nor pecessarily a fully

adegyate_deteiled repreeentatton ot the Iandscapet' The ectivity defif

nltety was te serve'as a proving grouﬁd for the developmentlof precedures

incorporatnng satellnte and hlgh alt:tude aerial photography 1nto inte-

grated resource inventories. ThIS objectlve was successfuily accompllshed.

Subsequent to completlon of the |nventory, we performed a random
cheek of_accuracy byruse of he]ncopter trensportatlen. ,In the_photo |

.. interpreted.area, tﬁis check‘eeowed 93%.accurac§ of delieeetions, based
.on the establlshed legend units, through photo 1nterpretataon This

error level was arrived at by combining all error types that were Judged

1
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not to adver;ély jmpact an urban vs. agricuttural land useldecisiong
Tﬁerzero errorApércentage was 65%. This experience led.to further
modification of.the legend system to help minimize some of the more
common sources of ‘error in its application through photo interpretation
‘gnd:to,increase tﬁe fOQic and consistency of the criteria used for
legend class disérimination. These modifications are treated in a
subsequent sgctién of this report.

Ihermap.informatiOn content was found sufficient for soﬁe beneficial
uses wfthin HaricoPa.County. In some caées, theecohogic;lrresource deline-
ations were sufficfently detai]ed to have high significan?e and relevance
in land use~plaﬁn}ng and related decjsions. In others, they represented
gxtremely_broad élasses and/or complexes of subjects.r,This was thé case
where thé ground detail was so intricate that it could not be pra;ticabiy

., mapped at the working scale in anything except extremely broad generalizations.

Plant Socioloaical Classiffcation of Desert Veqetation

2 Whéﬁ thfs Qork began in southern Arizona, we assumed that we would
Lave large amounts of diréct}y abpticable ""ground trﬁth“ information

tpoh which to draw. Intensive veéetationairstudies, dating from same

‘of fhe éarliest-research on plaﬁt ecology (Shreve, 1942; 1964; Nichol,
1952), EéVe'beeh conducted in th}s”fegion. It sooh became evident that
comprehens ive refinement 6f-existing vegetation classification would be
‘necessary for further legend development. Most of the work had involvéd
an exfremély Eroad;bruéh aﬁproach to vegetational claSsificatidn. Bécause

of the era in which it was done, the work was planned without particular

thought to the suitability of classes for remote sensing interpretation.
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. We Immediately saw the need alsc to demonstrate'a Vegetatjonal
classification.approach that was hierarchical and that would produce
classes that were sound from the plant sociological point of view as well
as- useful in remote sensing image interpretation under @ multistage
concept where beth broad and highly specific vegetationa! classes weuld
be required. With this objective in min&,.Edmundo Garcia-Moya compleeed
his doctoral djssertation on a plant sociological classification of ehe
desert vegetation in the vicinity of Tombstone, ‘Arizona {Garcia-Moya, 1972).
He FOmbinedlthe application of plant sociological principles that have
been well established by leading European phytosociologists, with a
.-humerical taxonomic approach-to develop an hierarchical classification
'suitabie for both very broad.and highly detailed resource analyses. In
this work he used cIaSStflcatlon models and computer programs developed
by W|11|am T. Pyott of the Oregon State University Range]and Resources
Program on other independently'fdnded research (Pyott, 1972).

Since this.work was completed during the terminei reporting period
of this project, it is reported in greater detail in the following section.
This work does provide both a demonstration and a model that others can
follow in refining vegetational classifications and in developing
hierarchica! groupings, especially for appiication'in remote sensing

interpretation of the ecology of natural tandscapes,

Appllcatton by an Independent Aqencv

One of the mos t grat:fysng and sngn:f«cant developments during the
llfe of thus PFOJeCt was to be a party to, and see, an action agenCy

take our procedure and Iegend system into an entlrely new area and use’
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it sdccessfu]ly with minimum help from our project staff.' In the southern
Cé!ifornia.deséftj the Buréau of Land Management is vi&ally concerned
about the impact of new desert land uses on the environment and about
the need for achfeving acceptable levels of management control on these
activities. They recognize that a superior approach to this problem
- would be to inventory the ecosystems of the desert anﬁ'to gain
knowledge about the land uses in relation to these systems, Upon
learning what we had accomplished.under this project in similar desert
environments, the Bureau of Land Management ésked for, and received,
help in setting up a pitet program (Péttinger, et al., 1970).

;n brief, the project was implemented as followg: 'Dillard H., Gates,
while on sabbatical leave ffom 6regon State University to the Bureau
of Land Managément,Sacramento_Sfate Officg,ahd béing familiar with our -
program, organfzed and implemented a semfnar on the potential 6f remote
- sensing applfcations to solﬁtion cf California desert problems. This
seminar was presented by Robert N. Colwéll,’University of California,,
and James R. Johnson and Charles E. Poulton, Oregon State University.
It waS‘attended.by'Bureau of Land Management state office and field
staff representatives as well as a cross-sectlion of involved agencies
from California State goyernment; Following this genefal familiarization
session, the Bureau of Land Management sent two team members to our
laboratory in Corvallis, to work out details and do.pfeliminary photo
interpretation ﬁreparatory té field work. " They worked on their own
bﬂdtography in-our"laboratory for.oﬁe Qﬁek and returned to California
to caréy oﬁ; field procedures éccordfng to ocur recomﬁendatipgs. After -

gaining field experience, David P, Faulkner and Poulton responded to a
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request for on-the-ground asslstance. Another brief §éminaf was held

;6n detail§ and Spécific problems in Sacramento;dnd the remalnder of

the week was spent working with the crews in the field. They were
then testing aﬁplicabilitf df_fhe legend andlworking'bﬁ subjecf-image |
reiationships-prepa;atory to'do;ﬁg some definitive éhdto.ihtEfpfetatibn
and to‘ﬁriting legend descriptions. Our priﬁary advisory role was to
'help'them adapt.our'soutﬁern Arizona desert Tegénd to thgir Ca!ifo;nia
.pilot'areé. fhis'requiféd a surprisingly small amount of change. Foi]bwj
ing this, the Bdreau of Land Hanagement'compleféd the'pilottnét in a
300,00ﬁ acre areé at a cost of 3.3 cents pér acre, incluaihg training,
‘and 2.2 cents.per acré'exélusivé of training costs. This seemed to
‘them, and to ﬁs,.én extremely reasonable figure for obfaining and
mapping with high flight, Small—scale photography, the végetational
systems of the pilot area, cdrrené'land use_wﬁere_fhe naﬁura! vegetation
had.beén replaced, as well aé macrorelief, landform, surficial geologf, |
and soil characteristics that were meaningful in and relevant to land
use and resource management decisions. This effort led to an expanded
program that eventually iﬁfénds to invéﬁtory the.entire southern
California desert by comparab}eﬂmethods, Thi; is perhaps the best_sing]e
bft of evidence of the applicability of a workable ecological re50ur¢e
inventory and analysis proce&urg that can, in féct, be learned and used

:by others.
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Meaningful Local Contacts and Extension of Results

Intangible or indirect products of research.are oftén.derived,becauSe
of wha; the investigators do peripherally to the actuél research tasks.
Such benefits often escape mention in reporting because they are the
kinds of th{ngs dedicated research scientists tend to do on a contin-
gency basis as opportunlttes arise and needs are identlfled The motivation
behnnd such reSponses 15 generaliy profeSSIOnai obtigatlon. We feel that
our work has he]ped to create a favorable atmos phere for the current and
cont{nuing‘Earth Resources Applications Program in the Arizona Regionai
Ecological Tbst-Si;e.

Our céntributions to ané participation in local rev{e&s.aﬁd seminars,
beginning with the one organized by Dr. Robert M. Colwell in the Phoenix
area in March 17-19, 1970, as well as our contr|but|ons ‘to both ARETS
'symposia?(lB?D and.IS?l}, have he}p;d to create a recept:ve énd enthusﬁ‘
iastic atmosphere fpr continuing wo?k that has re!eQaﬁcﬁ to the land_@sa

problems of this area.

:Randelands'in the NASA Earth Resources Pfoqram

In the Uni ted States, North America, and the world, rangelands
represent a unique kind of natural resﬁurte on a par with forests, water,
and minefals (Cafneggie, 1967). Inraddit1on to range'reséufces being
important in many areas primarily classed as forests, other rangeland
areas are unique:in their own right as economic_resourﬁe features.' This
combined resource, forest and rangelands, constitutes one of the major
reservoirs of fiber, carbohydrate and meat productnon as well as being

the land resource from which other more intensive land u5es are carved
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”when\we{bééan the prégfam, there was only one anded projeéﬁ oﬁ
réngelénd‘reSourcesVapﬁlicatidhs under the leadership of David M.
_Carnéggie,_Fofeétry Remote Sensing Laboratory. This rather soon was
expanded, in addition to the program herein reported, to include
programs underjthéljeadership of Richard 5. briscoll, U.S; Fbreét
| Se}Vice, and Pédl T. Tuel ler, Unfver;ity ofiNevédé, dndef Departmeﬁt’
bi"fIntéric:)i'- sdppd;‘tl.. Obviously, no one group'can‘clai_m all the credit
ih cases like these, but it should be pointed out that a consciods
effortctozéhanée fhe fnitial recognifioh, agriculture/forestfy; that
" prevailed at the beginning of this program to an agr{cﬂlture/deESEfQ/
réngé recognftion és it is now cérriea officially on the NASA Earihh
Resoﬁrces Program discipliné !isting‘ié a'sign?ficant and Hbtewofthy“

: sfép'ahéad for raﬁgelénd Egééurce récbghitidn. It is, in large measure,
the result of gocd.wnrk and definitive WD;thwhiié results from the work
‘of all those individuals who together pioneéred remote sensing appli-
cations to rangelan& resource prob]ems'in the 1960's and early 70's.
We, the team from the Agr|cultural Experument Statlon, Oregon State
Unlvers:ty, are privileged to have had a hand in all these stimulating

and challengang developments.

ACCOMPLISHMENTS IN FINAL REPORTING PERIOD

During the terminal feborting period under this:projec; (Qctqber i, 1971-
Apfil.BO, 1972), there wete_tﬁree particularly notewqrthy a;cpmpljshments.
These were the completion, Submigsion, and accéptance of Dr. Edmundo Garcia-
Moya's dissertation on a hierarchical plaﬁt community classification in

the Tombstone, Arizona, area; a major updating and revision of the broad
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classes in our legend system; and participatiqn in numerous training
sessjons and conferences that contributed sjgnificantly.tp information
transfer and preparation of the Qser community for technological
advances growlng out of the Earth Resources Program.

The d|ssertat|on by Dr. Edmundo Garcia- ~Moya, '"A Prel:mnnary
Vegetation CIassnfncatlon of the Tombstone Aruzona, Vlcnnlty,”
thevappllcatlon of phytpSocnologsca! principles and numerlqa] taxonomy
in thé development of a plant community c!agsification in hiefaréhj?al

arrangement that Is suitab{e to the interpretation of vegefation from
both small-scafe and large-scale imagery. Some of his C]assesrségregate
vegetational unfts at subassociation levels which cannot be sep;rated

or ‘identified even on very large-sca}é photography. His association
apd:alliance groups are, hoﬁever, appropriate and useful in vegetational:
inventorigs. .Using these groupé, he interpreted and mapﬁed a mosaic of
the Tombs tone stud§-area which is';till being used in éontinuing'
investigations. | | ” |

" Preliminary Veggtation Classification
in the Tombs tone, Ar|zona Vicinity

As p0|nted out by Garcia-Moya (1972), the need for class;fylng
vegetation in a more precise way is evident. Also, there is a need to
provide a hierérchicai classification scheme that will match changes in
fmégé characteristics as one moves through' the scales from s pace to
bdﬁvénfional aerial photography. Such refined classifications of
veée;ation are the first steps toward a better understanding of the

pdtentiaiities and limitations of a specified area which help in the
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detection of analogous environmenfa! condjaions for fesaurce allocation
and management purposes. These naeds become more urgent as use and
competition for natqrai resources and land increases. The first approxi~
mation of a classificatian scheme may meet these needs for a test site
in the Tombstone, Arizona, vicinit& THis claasificat}on task was
accomplnshed by the use of a “hlerarchlcal poiythetlc agglomeratlve
package usung presence-absence data and standardnzad cover estimates
(Pyott, 1972). h
The follow:ng tentative assoc:atlons and.a varlant were. found
upan d!VISlOD of the original data into groups of convenient size,
“to meet the ltmltatlons of the computer programs :
| Assocuatlon A Panicum hirticau id i i -
Bég[bgggia coulteri)

ta (a variant of Association A)

Y

Assoaiafion B (Rhas microphylla-Dalea'fqrmasa)

”Association c (Gut%errezia sarothrae/Erioqonum_gbertianam).
Aasociation D (Menodora scabra/Tridens grandifiorus)

Association E | (Hilaria belangerf) |

Assaciatian F .kGilia riqidula-Rhanhosia'te*ana)

‘Associat}on G. (Hilaria mufica/Eriochloa qraci!%a/Crotalaria pumila)
Associatian.H Gépkunppus tenuisactas/Eraqrostis Jehmanniana)
Association I (Ayeaia pusil!a/éraqroatis Iatermedia)

Association J | {Cnidoscolus angustidens)

Associatiaa'K | kTypicai Association Iack}ng charactef 5peciesj of

Alliance III (Eouquieria splendens-&cacia cons tricta-

Aloysia wrightii)
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_Association'L {Agaye palmeri-~Agave parryi/Haplopapous
laricifolius) |

Association M (Mortonia scabrella)

Thésé were'grouped'by the classification into units of higher
rank. Associations (A}, (B), and the variant (lé) were grouped into

an alliance with the character species, Acacia vernicosa-larrea

tffdentata—Flourenéia cernua. Associations (A),'(B);-and the véréént
(12) were grouped into an atliance with the character Speciesl Acacia
vernicosa~Larrea tridentata-Flourensia cernua. Assqéiafions (c), (D),
(E), and (F) wereAgrouped into the Yucca elata/Bouteloué eriohoda
Alliance; and Associations (i),-(J)) and (K) were he 1d together in
an Alliance'bg.fhe character species, Fouquieria spleﬁdéhs-Acaﬁia
constricta-Aloysia wrightié; o

Validity 5f ;he character andrdifferential speciés as association
and SubaSSOCIatlon “|dent|f|er5“ was tested by the use of stepwuse
dnscrlmlnant analy5|s. Two hlerarchlcal levels and two runs per group
were carrféd.out uéing this analysis. A perfect discrnmynat:on between
or among the groups was found éf all ieveis except one; species identified
 as differential or chéractér'species in the ciassifiéatfcn process were
found to be . the best dlscrimtnants This suggests théf the vegetation
untts |dent|f|ed by these specnes are valld | R

The “hnerarchncal polythetlc«aggIOmeratfve“ approach to vegetation
classification, ‘as used by Garcza -Moya, provides the klnd of framework
whlch is compétlble wi th tae classical phytosociological techniques of--

vegetatfon study. It eliminates, however, the cumbersome task of-hand
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sorting and tabuiation and increaées the capacity of comple* operations
-as well as introduction of more systematic and thorough evaluation into
the analysis. This approach of classifying vegetatién appears to be
‘suited fon‘survgyltype studies in areas where vegetaticn information

is limited and the need exists for an initiai classif}éation in order
to begin more comprehensive quantitative studies, This.does not pre-;
clude using the method for other purposes. Because it Is a hierarchical
e ﬁethod, one can go into as much classification-det;il as is &Ectatéd by
the purpose of the vegetation study. This last featuré fs well suitgd-
to the use of the results in interpretation of multiscale photography
So important in tﬁe field of resource analysis.

'Researéh needs to be done to answer the vefy fundamental question
of why Euclidean distance (as a measure of Similari‘ty) and Ward's method
(‘as a sorting strategy) provided a more adeqﬁéte hierarc-:ll;ical classification
scheme when presence and absence data are used rather than spandardized.
cover data, 'Resaéfch is, needed on the most effective criteria to divide
large data sets into groups of the appropriate size.

Resuits o% this classification now need.to be tested by practical
field use in the recognition of ecosystems and their mapping on appro-
priate scales of remote sensing imagery. To. aid the practical,user}of
-thfs,information, é‘dichotomous key to the phytosoci0109fcaj classes..
~was- developed by GarciaQMdyal This réquires the recognition of 8 species
to make classifications at alliance level and 32 species to achieve the

association separations. A key for subassociation level was not prepared -

because the practical value of this level is somewhat in doubt.
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To aid the field application of these results, D}. Garcia~Moya

also developed a dichotomous kef'to his associations (Téble 1.
- We feel that the user qf this information will benefit from

having concise §uhmaries of‘thekpharactér and differential species
| that have'ihdicatqr value in the recognifioh of these.vegetational
units. Of the 440 species identified by Dr. Garcia-Moya in the
study area, only those shown in Tables 2 aﬁd‘? have definitive
indicator value. jHis key to associations an& al!iancés can be effe;tfvely
used by knowing 6nly 32 species for the former and 8 for tﬁe'latter. |
This is certainly in the realm of feasibility even for managers without
botanical training.

Table 2 presents the character and,differentié]ISPecies for the
‘A{liance'levet classificatiﬁn. It is extremely heipful for the field
user of results from plant sociological élassificatidn studles to have
unique lists of indicator species in an abbreviated form for ready
reference. Because of the impact of resource use and.digtursance on
certain Specie§, it is sometimes difficult to accurateiy recognize
a plant sociological taxon if only a few species are used as indicators.

This problem can practically always be solved if one looks upcon the

indicator group as the meaningful criterion rather than individual
;élected Species from within the group. It is also important to recog-
“nize that the indicator group may be adequately and religbly represented
when any'feaSOnable combination of the indicator species is found on .
the site. Npt all species have to bé present for the group to be repre-

sented and, thus, to indicate the group's appropriate alliance. In
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TABLE 1. KEY TO THE VEGETATIDNAL UNITS OF THE TOMBSTONE,
' ARIZONA, VICINITY

la Grasses prominent, with or without scattered shrubs

2a Yucca eleta and Bougglous eriopodi are the mdst Prominent Speues
Alliance II (YUCCA FLATA/BOUTELOUA ERIOPQDA)

3a With Menodora scabra and Tridens grandiflorys=-

Association D (MENODORA SCABRA/TRIDENS GRAND;E;QEQE
3b Without Menodora scabra and Tridens grandiflorus

4a With Hilaria belangeri in relative dense uniform standg==
Association E (HILARIA BELANG SERT)

- 4b Without Hilaria belangeri or if present in small patches
Sa With Gilia tigidula and Rhynchosia texana-=-Associstion F
(GILIA RIGIDULA-RHYNCHOSIA TEXANA)
5b Without Gilia rigidula and Rhynchosia texana but with Gutierrezia
sarothrae and Eriogonum zhertiapum--Association C
(GUT IERREZ}A SAROTHRAE/ERIOGONUM ABERTIANUM)

2b Yucca elata and Bouteloua erjopoda are not the most prominent species.
If present, very scattered. :

6a With Agave_mlmer;_i,, Ag- aye ;;sarnri and Haplopappus laricifoling==
Association L (AGAVE PALMERI-AGAVE PARRYI/HAPLOPAPEUS.
LARICIFOLIUS)

6b Without Agaye palmeri, A, paryi and Haplopappus laricifoliug

7a With Hilaria mutica, Erochloa gracilis, and Crotalaria pumila=-
Association G (HILARIA MUTICA/ERIOCHLOA GRACILIS/
CROTALARIA PUMILA)

7b Without Hilaria mutica, Erjochloa gragilis, and Crotalaria
pumila but with Haplopappus tenvisectus and Eragrostis
lehmanniana~-Association H (HAPLOPAPPUS TENUISECTUS/
ERAGROSTIS LEHMANNIANA)

1b Grasses not prominent, shrubs the most prominent.

8a Acacia vernigosa, Larrea tridentata, and Flourensia cernua are
the most prominent species, Low grass cover--Alliance I

{ACACIA VERNICOSA-LARREA TRIDENTATA-FLOURENSIA CERNUA)

92 With Rhus microphylla and Dalea formosz. In addition, Yucca

bacgata and Nolina microcarpa--Association B (RHUS
CRO ~DALEA FORMOSA)

9b Without the above species, or if present scattered, but with
the annuals Panicum hirticaule, Tidestromia lanuzinosa and
Bogrhaayia coulteri-~Association A (PANICUM HIRTICAULE/
XIRESTROMIA LANUGINOSA-BOERHAAYIA COULTER])

25



TABLE 1. (CONTINUED)

86 Atscia vernicosa, Lamea mwidentata, end Flowrensia Gamus are
not the prominent species. Grass cover abundant.

IOa Wlth Fouquieria gplendens, Acacxa ;mcta and Aloysia
wrightii-~Alliance 01 (FOUQUIERIA SPLENDENS-ACACIA

m—mm
1ia Wir.'b Cnidoscolus angustidens or éxg nig musilla and
Ezragedstis intermedia :

" 12a With Cnidoscolus anggstidans--Associaﬂon]
(SNIDOSCOLUS ANGUSTIDENS)

12b Without Cpidoscolus angustidens but with Avenia

. pusiila and Eragyogis intermedia-~~Association [
(AYENLA PUSILLA/ERAGROSTIS INTERMEDIA)

- fil; Without Cnidoscolug angustidens or Avenia pusilly and
Eragrostis jntermedia~~Association K (TYZICAL
ASSOCIATION) '

.. 10b Without Fouquieria splendens, Asacia sorstricta, and
Slovala wrizhell but with Moropls M’Aﬂmimw M
{(MORTONLA smm%}

fed
¢

[}
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using indicetor species groups, one also has tdllearn fo overlook some
of the highly ubiquitous Specie; that Have no plant socio!ogieal mean= -
ing.i Sometimes.SPecies in this Ietter group have high economic sign{f-
icance, and if one approaches the landdcape with a Strohg economic bias,
he may misread or everlook the site fndicators that are there Table 2
lists onIy those 5pec1es that have lndlcator significance for Alliances I,
- 11, and III It is partlcularly meannngful (nn terms of the valldlty of
,?these alllances) that Alliances 1 and II have only one out of 48 indi=
;cator specnes ;n common Allnances II .and III have only two specaes ‘
cout of 53 in commOn, and there as do overlap among the 4ndtcator ;
Species for Alllances I and III. One has little grounds to doubt the
.1va!|dity of these plant socsologica1 taxa for which repeated examples

" can be found across the landscape and wh!ch are as florlstlcally unnque

'as‘these three

-Sihilarly, the eharacter and d:fferentual species fer assocsatlons
fwithln each of these alliances are presented in Tables 3 through 5. _In
these tables, the mos t rellable differential spec:es are underlined, but
agaiﬁ the entire group should be”esed as described above in making field
identifications orrin confirming such identifieations after having used
'the key from Taé!e 1. _

‘This classification developed four valid associations (Table 6) that
had no affinity for a higher hierarchicel elass or alliance. They'each
sfood alone as unique plant sociological taxa in the sfudy area, In
addition to identification by the key, the list in Table .6 will enable
field_conffrmetion and recegnition ofdeécﬁld% tHese-esﬁociations. It

may be that, as studies are extended beyond this locality, other {lora.
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TABLE 2.
AMttance |
Acacia vernlcosa-
Larrea tridentata-

Flourencia tridentata -
Alliance

Acacia vernicosa.-
Larrea tridentata
Flourencia cermuad .
Muhlenberg ia porteri
Zinnia pumila
Erioneuron pulchellum
Panicum hirticaule
Tidesiroma lanuginosa
Boerhaavia coultert
Euphorbia micromera
Seleropogon brevifolius
Prosopis juliflora
Partheniwm incanum
Rhus microphylia
Dalea formosa
Aristida divaricata
Aristida purpurea
Abutilorn incarwn
Euphorbia serpyllifolia
‘Dasylirion wheelert
Thamnosa texana

Melampodiwm leucanthum

In the analysis performed by Dr,

Alttance |1

" Yucca elata/

Boutelous erfopoda
Alliance

,\\\\

Yueca elata ST
Bouteloua eriopoda
Muhlenbergia arenicola
Arietida longiseta
Panicum hallii

Croton corymbulosus
Gutierrezia sarothrae
Eriogonum abertiarnum
Haplopappus gracilis
Boerhaavia coulteri
Menodora scabra
Tridens grandiflorus
Arigtida wrightii
Arigtida sp.

Penstemon dasyphyllue

Polygala racemosa

Hilaria belangert

Oxytropis lambertii

-Cyperus rusbyi -

Eriogovum wrightii
Gomphrena caespitosa
Convolvulus incanum
Hoffmanseggia drepanOﬁarpa
Gilia rigidula

Rhynchosta texana
Hoffmanseggia densiflora

CHARACTER AND DIFFERENTIAL SPECIES FOR ALLIANCESI

AI!Ianca [1l

"FOUQUerIa splendens-
‘Acacia constricta-
~ Aloysia wrightil

Alltance

Fouqueria splendens
deacia eonstricta
Aloyeia wrightii
Ayenia pusilla

-Eragrostie intermedia

Bouteloua eludens
Sisymbrium linearifolium
Salvia parryi

Froelichia arizonieca
Verbeaina rothrockii
Eysenhardtia polystachya
Acactia angustiseima
Cnidoscolus angustidens
Scehistophragma intermedia

- Tridens grandifiorus

Ayenia mierophylla
Haplophyton crooksii -
Brickellic sp. '
Muhlenbergza pauczfioru
Stipa eminens

Tecoma stans angustiata
Hibuscus coulteri
Calliandra eriophylla
Jatropha macrorhiza
Muhlenbergia emersleyt
Bouteloua radicosa
Yucea elata

‘Garcia-Moya, the species which were so

ubiquitous that they lacked plant sociolongical significance were deleted.
Notice the small number of species common to mere than one alliance,
Boerhaavia coulteri between Alliances | and |1, and Yucca elata and Tridens
grandiflorus between Alliances 1! and IIl, and none between Alliances | and
I1l. The overlapping species also differ greatly in prominence,
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TABLE 3. CHARACTER AND DIFFERENTIAL SPECIES FOR ASSOCIATIONS WITHIN.

ALLIANCE 1

Assoclation A

Acactia vernicosa
Larrea tridentata

- Plourencia cernua

' Muhlenbergia porteri
Zinnia pumila .
Erioneuron pulchel 7m
Panicum hirticqule

. Pidestroma lanuginosa
Boerhaavia coulteri

. Buphorbia micromera

Seleropogon brevifolius

Progopis juliflora
Parthenium incanum

1

associations.

‘Assoclation B

Acacta vernicosa
Larrea tridentata
‘Ploureneia cernua

. Muhlenbergia porterz

Zinnia pumila
Erioneuron pulchellum

" Rhua microphylla

Dalea formosa
Arigtida divaricata

. Aristida purpurea
“Abutilon incanum
‘Fuphorbia serpyllifolia

Dasylirion wheeleri

. Thamosa texana
M@Zampodtum Zeucanthum

The underlined species are the differential species used to name the
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may be encounteredlto which one or more of these associafions will be
related at alllance level. Nonetheless, each of these associations
is a valid indicator of a.unique kind of environment,and one would
expect most of these associations to reflect some consistency in the
kinds of soils found with each.

Finally, Table 7 presents a one-page summary of rhelentiré classifi-
cétioq and ind{cétes the numbéerr subassociations identified by the
taxonomic analytical procedures. For detailed information on‘éub-‘
assocjations, one should consult the dissertation whrch.accompanies;this
report (Garcia-Hbyé, 1972). It is our untested bpinron'that the clas=
sifications at alliance level will be highly relevant to the intgrpretétion

" of remote sénsing'imagery and that many of the associations should be
uniquely identifiéble from their images, élthough some may not. It
is extremelv unlukely, on the other hand that the sdbassociation
classuflcatlon level witll be at all relevant to the |nterpretatlon of even
moderately'large-5ca|e photographic imagery. While these were segregated by
the classificatioﬁ procedureﬁ, it remains to be seen if;subassociaticn
has practical relevance. It is‘likgly that if they are relevant classes,
it'will be in indicating subtle differences in soils or other local
.envuronmental condftlons. This classification was generated on the
basis of exusting vegetatnon in an area that is known to have been
subjected, in part, to a history of heavy grazing. As a2 result, some
'of these classes may reflect disturbance conditions ratherﬁthan areas

of equivalent climax or vegetational potential. Nonetheless, the study

did not inélude enough field sample locations so that it. is certain
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TABLE &.. CHARACTER AND DIFFERENTIAL SPECIES FOR ASSOCIATIONS NITHIN
ALLIANCE 11, L .

Assoclation C ' . 'Assoclation D . -
Yucea elata . - Yueea elata

. Bouteloua ertopoda . Bouteloua eriopoda

. Muhlenbergia arenicola . Muhlenbergia arenicola
Arigtidd longiseta - . Arietida longiseta
Panicum hallit . Panteum hallii

.Croton corymbulosus /. .. Croton corymbulosus
Sutierrvezia sarothrae~t = Menodora scabra
Eriogonum abertiarman Tridens grandiflorus
Hap lopappus gracilis - Aristida wrightid

~Boerhaavia coulteri . Aristida sp.
Coe .., ... Penstemon ddsyphyllus
. Polygala racemosa

Assoclation E ' Assoclation F
Yuecca elata ' Yueca elata
Bouteloua eriopoda Bouteloua ericpoda
Muhlenbergia arenicola Muhlenbergia arenicola
Arigtida longiseta \ Arigtida longiseta
Panicum hallii Panicum hallii
Croton corymbulosus - Croton eorymbulosus
‘"Hilaria belangeri Hoffmanseggia drepanocarpa
Ozytropie Lambertii Gilia rigidula
 Cyperus rusbyt .. Rhynchosia texana
Eriogonum wrighiii . Hoffmanseggra densiflora.

Gomphrena caespitosa
Convolvulus inecarum

1 . e .
The underlined species are tHe differential species used to name the
assoclations. : _
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TABLE 5.

ALLIANCE III

Association |

Fouqueria splendens
Acacia constricta
Aloysia wrzghtt}

Ayenia pusillal

Eragrostis intermedia
Bouteloua eludens
Sigymbrium Zzneartfbltum
Salvia parryi

Froelichia arizonica
Verbesina rothrockii
Bysenhardiia polyetachya
Acacia angustzss¢ma

"Assoc!ation J

Fouqueria splendens

“Aecacta eonstriota

Aloysia wrightii
Cntdoscolus angustidens
Sehigtophragma intermedia
Tridens grandiflorus
Ayenia mierophylla
Hapilophyton crooksii
Brickellia ep.
Muhlenbergia pauciflora
Stipa eminens

Tecoma stane angustata
Hibuscus coulterti
Calliandra eriophylla

- Jatropha maerorhiza

CHARACTER AND DIFFERENTIAL SPECIES FOR ASSOCIATIQN WITHIN

‘Assoclatlion K

Fougueria splendens
Aeacia constricta
Aloysia wrightii
Muhlenbergia emersleyii
Bouteloua radicosa
Yuceca elata

The underllned specles are the differential specles used to name the

assocuations
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"TABLE 6.

CHARACTER AND DIFFERENTIAL SPECIES FOR UNALLIED ASSOCIATIONS.
THESE PLANT SOCIOLOGICAL TAXA ARE NOT RELATED TO THE THREE

ESTABLISHED ALLIANCES WITHIN THE STUDY AREAS ALTHOUGH THEY
COULD BE RELATED TO OTHER ALLIANCES WITHIN THE REGION,

Assoclatlion G

Hilaria'muticalf*”

Eriochloa gractlis
‘Crotalaria pumila

- Talinum aurantiacion

" Aristida adscensionig =
Eptoneuron pulchellum
Acacia vernicosa
Allionia inearmata

- Arisgtida longiseta
Bahia absinthifolia
Baccharis pteroniodes
Bouteloua eriopoda
Cagsia bauhinioides

" Croton corymbulosus
Dalea lemmonii :
Eriogonum abertianum
Enneapogon desvauxii
Buphorbia serpyllifolia
Opuntia violaceae macrocentra
Partheniwm incavum
Portulaca parvula
Sida procumbens

Associatibn L‘ ‘

" Agave palmeri

' Agave parryt

" Haplopappus laricifolius
Sphaeralcea grossulariaefolia
Desmanthus cooleyt
Hilaria belangeri
Dalea tlemmonii

- Haplopappus tenuisectus
- Andropogon cirratus -
Trachypogon montufari
Mollugo verticillata
Krameria parrifolia

" Elyonurus barbiculmis
Brickellia venosa
Heteropogon contorius

Assoclation H

““Haplopappus tenuisectus
" Eragrostig letmanniana
- Evolvulug artaonicus

Chloris virgata

© Bouteloua aristidoides

Acacia greggii

Probosoidea arenaria

Mollugo verticiliata

- Bvolvulue sericeus
. Zinnia grandtflora

Bouteloua gracilie

Désmanthug cooleyi

Ipomoea costellata

Assoclation M

Mortonia scabrella
Arigtida adscensionis
Quercus pungens

Stipa eminens

Acacia constricta |
Eysenhardtia polystachya
Muhlenbergia emeraleyt
Leptochloa dubia

‘Cercocarpus breviflorus

Rhug choriophlla
Muhlenbergia pauciflora
Heterosperma ptnnatum
Pteria scoparia

Polangia trachysperma
Notholaena sinuata cochzsensts

Condalia epathulata
Acacia vernmicosa
Larrea tridentata
Koeberlinia spinosa
Opuntia leptocaulis
Setaria macrostachya
Coldenta canescens

.The underllned species are the dtfferential species used to name the

associations.
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TABLE 7. SUMMARY OF ALLIANCES ASSDCIATIONS AND SUBASSOCIATIONS IN
© THE TOMBSTONE STUDY AREA

Atflance | (Acacia vernicosa-Larrea tridentata-Flourensia tridentata)
Assoclation A (F&ntcum hirticaule/Tidestroma Zanugznosa-Boerhaavta coulteri)
with '3 subassociations based on one or more high fldelity, differential
species. Also one variant with high prominence of Prosopzs Jultflora.

Association'B  (Rhus mmcrophyllauDalea fbrmasa)
5 subassociations

Alllance 11 (Yucea eZatq/BouteZoua eriopodh)

Association ¢  (Guterresia sarothrae/Ertogonum abertzanum)
‘ 2 subassociations

Association D Gwenodbra scabra/Trzdens grandzfiorua)
2 subassociations

Assoclation £ (Hilaria beZangerm)
2 subassociations

Assoclation F (Gila ‘,gzdulanRﬁynchosza texana)
' 2 subassociations

‘Alliance !l (Faﬁquiéria spZendéﬁé—Acacia cbnatrictaeAZoysia wrightii)

Associatlon |  (4yenia puszZZa/ETagrostts zntenwedta)
2 subassociations :

Assoc:at:on J  (cnidoscolus angustzdens)
2 subassociations

Association K - (Typical of the alllance)
3 subassocnatlons

Individual Associations: -

Association G (Hilaria mutzca/Erzochloa graczlts/crotalarma pumtla)
2 subassociations ‘ .

Assoclation H  {Haplopappus tenuzsectus/E?agrostts Zehmanntana)
2 subassociations

Associatfon L - (Agave paZmerm-Agave parryz/ﬂhplopappus Iartctfblzue)
2 subassoclations

Assocliation H (Mbrtonia ecabrella)
2 subassociations
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that these classes are repeated in space and that they are identifiable

entities, at least down to association level.
i

. . :
Short Courses and Training Sessions

. burnag the last reportsng period, we participated in a number of.‘
short courses and tralning se55|ons that helped to make potential users
aware of th|s research program We provided SpeCifiC trannnng in some
of the technlques developed by the PrOJect and by others who have con-
tributed to the overall effort in Earth Resources remote sen5|ng technology.
Members of the project staff contrnbuted to the follownng o

t. 20-21-0ctober 1971, Barry Schrumpf partlcqpated in the tra:nung
aesston for U.S. Department of 1nter|or personnel put_on in Phoenix,
Arizoha, by the Forestry Remote Sensing Laboratory, University of California,
Berkeiey{ ﬁ o V_ | | o -

_:2. zh 28 January i972 all of the staff was involved in a compre-
henatve remote sens;ng short course offered by the Rangeland Resources
Program at Oregon State Unlvers:ty ‘The course was attended by 54 pro-
fe55|onals, most of them from the Northwest, but including people from
Texas to Brltish Columbna, Canada.

3. 15 March 1972 David Faulkner conducted a-tratnlng sessaon for
the Bureau of Land Management, Vale,Oregon,Dlstr:ct Staff in some photo—
grammetrrclappllcatlona to rahge |mprovemeht evaluation using conventional
biack-and-wh:te aerial photography | |

'h. 15 March 1972 Poulton presented one segment of the Forestry
Remote Sensing Short Course covering some of the results of this PFOJeCt

and explaining the then projected ERTS-A experiment.
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Legend Revisions

While our legend system, as previously reported; is'highly~work~
able and has been proven successful as a means of ecologically char-
acterIZIng landscapes and conveylng lnformation to users, our use and

_appl:catlon efforts have drawnvattentlon to certaln |ncon515tencnes and
problem arees. DU||ng the Iast reportnng perlod substantlal amounts
of team effort went lnto a reassessment of the legend'classes,.the'cen~
sistency of.cniterla by which they were diffetentiated, and the logic
of the complete system. In doing this work, we in effect went through
the entire legend and crltlca.ly challenged all classes both brdad
.Jand hlghly specific. Out of th|5 evaluatsen, some sugnlflcant improve-
) .ments were developed especually in the higher hlerarchlcal levels
o ThIS activity also strengthened our grOW|ng feel;ng that the
:‘h?gher hierarchical levels in the'vegetationa! legend must be based on—am
phys iognomic and-_str'ucturel-Criterie. The interrnedl:ate levels should
diet-inguish .brea-d.florlstic differences. The detailed portion of - the
legend deallng wuth 5pec|f|c ecosystene, W|ll have to be reg:onal:zed
ln its development and the classafrcatton units based on plant socio-
logicatl critetia and diagnostic (character and diffetential) species.
‘TheSe concepts have been incorporeted into the new legend.
| The macro_reliefl-'legend h-as' remafned unchanged and |s nighly workable.:
The ”landferms“ legend has underéone‘sone revision, and we ‘are not yet
.completely satisfied with it. .We have been unable to glve attention to
further development of.the surficial geology and soilstlegendsbecause

these disciplines were not represented on outr team,
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we'have“hof-altered the land use, agricu‘tufal,uufban;.industriél,
‘ orrtranéportation portions of,the'Uhified legeﬁd ﬁféséhted earlief-'
(Pettinger, et al., 1970). Nearly adeduate Ciassificétions déveloped
_by experts concerned with these subjects (Department of Transportation,
i969; C. W. Johnson, 1969) were incorporated directly.}nfo that legend
with only slight modification. Furtﬁer appfobfiate mod%fication of
these categoriés requires attention by scientists'nét'dffectly'aQailabie
to us. TheAneﬁ Iand‘use ]egend'being develobed'by anriqtgr-Agencyr
Commi ttee unde;lSponsorship of the U.S. Geological Survey is a step in
this dirgctioh, bththIs'nqw workl(U;S.'Geological éufveﬁ; 1972} needs
" to belfﬁrihér developed to make it cpmpatible'hith our;comprehensive
“ecological resource analysis legend. The two are pdtehtiaﬁly highly
"comhatible,and.it f; hoped.that_futureldevéfbpments will make a close
:,cdi!aborétjve'effortrpossible.,_Steps'have been'fakeﬁ in ;his direction.
Legend deQelﬁpment has Eeached a sufffcient level of stability
 that-ﬁe félt an pfficial paper on the subjeEt'would be appropriate. Such
has:éiven at the Sth International Symposium on Remote Séhsing of Environ-
ment at Ann Argor, Michigah,'bctoberrz-é, 1972 (Poulton, 1972). This
paper explains the legend and the Kinds of revisions that were made.
The following $ix legend’dategorﬁeé meet the needs for a first-order
delineation of space and highflight imagery.
- PRIMARY SURFACE FEATURE CLASSES
100 - Barren Lan&s {(other than crop fallow)
200 - Water Resources (free water surfaces)
300 - Natural Vegetation
400 - Agricultural Crop and Idle Land
‘500 - Urban and Industrial Land (including tranSporLatlon

features)
600 - Obscured Surface {hot visible, atmospheric obstruction)
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lThe logic of arrangement is from essentially nonvegetated, to naturally
vegetgted,'tq‘éltérgd Iands;apes, ahd finally to a class éccounting for
features obsqﬁred by clouds, smoke, haze, etc. Each of these ﬁrimary
classes is égbdiviged into one or more subordinate Ieyel#. Tﬁéksecondary

legend classes for Barren Land are as follows:

| _ SECONDARY BARREN LAND CLASSES
1100 - BARREN LAND

110 - Playas (dry or intermittent lake basins)
120 ~ Aeolian Barrens (dunes and sandplains, exclusive
: , of beaches)
130 - Rocklands L .
140 —-Shore lines (beaches, tidal mud flats, sand and gravel
. banks)
ISO\—-Badlands (barren silts, clays, and related easily weathered
e rock types)
160 - Sllcks (saline, alkaline, soil structural non-playa
T barrens) ‘
170 - Mass Movement (barren§ associated wuth s lumps and mud
‘ ' f lows _
(180 - Manmmade Barrens (mine dumps, exCdvalions, fills anc
B "~ ‘settling ponds) - )
190 —‘Undlfferentrated complexes of barren Iands

‘We have found_that when the breakdown of barren land types is carried too
far, it bgcomes‘redundant with some landform classes or with surficial
geology. The_sbove pérentheti@al statements iﬁdicate some of the kinds
of subordinantrbarren land types that héve:been pumerically designated
by a "units digif” in the complete legend. |

The subcategories for the Water Resources cléss afe as follows:
SECONDARY NATER RESOURCE CLASSES o

200 - WATER RESOURCES

210 - Ponds, Lakes,and Reservoirs

220 - Water Courses, Permanent Flowing
230 - Springs, Seeps, and Wells

240 ~ Bays, Coves, and Estuaries

250 - Lagoons and Bayous
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260 - Oceans, Seas,and Gulfs

270 - (Unused Class)
280 ~ Show and Ice
. 290 - Undifferentiated Complexes of Water Resources

We have sugoested two subclasses under 210, Ponds Lakes, and Reservo:rs
and 220, Water.Coursesf These a;e -1, Natural and ~-2, Man-made, in
each insténde; Under class 280, Snow'aﬁd Ice, we have sugges ted 281,

. Ephemeral, and 282, Permanent, subclasses. Beyond this Qg are hopef;I
,ﬂat water resources specialists will pick up this thread and furtﬁer"i‘

“develop the details for maximum relevance to the information user.

 The Secondarf and tertiary subclasses of nafural vegétation ére

based on physiognomic and structural or growth form chérgcteristfcs of-
the plant communities. These classes are presenfed_iﬁ.Table 8.

In.develoPTng tEis vegetationai legend, the gavénna-likg vegetation‘
gaJé us the greatest difficulty. Qe believe that there fs a re#f_need
for a.broadhhferarchica! levei to span the intergrading sitgstions pétween
the woody (forést and tatt shrub) and the non-woody végctqtions. Tﬁé
term Savanna has some very specific meanings that do not fully describe
this situation in both temperate and tropical environments. o Sy

After much thought, we &ecidedto physiogﬁomically and structurally
define this |ntermed|ate vegetat:on as a very scattered or open, Lall

-woody layer over a relatave]y homogeneous and closed layer of subordinant

' .vegetation that may be prominently herbaceous, low—grOW|ng woody, or a

combination thereof. Some people wiil say that such a statement describes
a savanna, but others will not agree. We have attempted to resolve the

dilemma by referring to class 330 as "Savanna-like Intergrade Types."!
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Some wil1_note that we have eliminated three sécondary vegetational
classes from our initial legend. These areADeseft,lendra,and Vegetation
of Aquatic Environments ., Each of these is environmentakly; not physi-
~ ognomically and structurally, determined. Thus, they were inconsistent
with the classification criteria. In addition, each can be fully accounted
for within the framework of the four secondary classes in Table 8.
Based on floristic and phy tosaciological criferia, thé Iegeﬁd system
can be carried all the way to specific ecosystem level. Floristics comes
into play'at the decimal point.in the symboliﬁ legend. Depending on the
complexity of the ecological_region, up to the second deéimal (l/iOOds)
" position may be réquired to handle these broad floristic'simiiéritfes,
usually at the generic level of plant identificatidn. Beyond this, the
' criteria become phytosdciofogjc,and highly specific kinds of plant
communities may be symbolized. The following example illustrates the
o symbolic legend-carried to this level of detail (Martin,1970; Poulton,
Faulkner, and Martin, 1971): | |
VEGETATION CLASSIFICATION TO ECOSYSTEM LEVEL
300 -~ NATURAL VYEGETATION
320 - Shrub-scrub vegetation ) .
"~ 324 - Microphyllous salt tolerant vegetation
. 324.1 - Saltsage (Atriplex) prominent vegetation
324,11 - Shadscale/Budsage. (Atco/Arsp) communities
324,111 - Atco(l4-5) - Arsp(3-h/5§hyf3*5)'*
' ~ Brte(0-3)
324,112- Atco (4-5) - Arsp(3-5)~Grsp{2-3)/
' . Sihy(1-5)-Brte(0-
324.113- Atco(L-5) - Arsp(3-4)-Save(2),

Chvi, Chna(2)/Sihy(3-5)-
: Posg(Z-B)-Brte(O'S)

]These symbols are derived from the scientifc plant name, and the numerals
express relative prominence of the species in the community
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TABLE 8, SYMBOLIC VEGETATIONAL LEGEND TO TERTIARY LEVEL ON PHYSIOGNOMIC
— AND STRUCTURAL CHARACTERISTICS OF THE VEGETATIONAL COHMUNITIES
OR PLANT SOCIOLOGICAL TAXA,

P

300 - NATURAL VEGETATION Subclasses

310 ~ Herbaceous types (w/ or w/o platyphyllous succulents or low shrubs)

31 - Llchén, cryptogam & related communities: :

312 - Prominently annuals {grass-forb- succulents, usually grass
, aspect)

313 - Forb types (broad- leaved forb aspect)

314 -~ Bunchgrass steppe (tussock grass)

315 - Sodgrass and mixed sodgrass-bunchgrass steppe and prairie
316 -~ Meadows (Gramindceous/Cyperaceous)

317. - Graminaceous Marshes (Panicums,.Settaria, etc.)
318 - Tule Marshes (Cyperaceae, Juncaginaceae, Typhaceae, etc.)
'J319 Undlfferentlated complexes of herbaceous types

320 - Shrub-scrub types

- 321 Htcrophyllous, non-thorny scrub, generally wlth succulents
322 - Microphyllous thorn scrub
323 - Succulent scrub '

324 - Microphylious saltsage and related scrub types ,
325 - Shrub steppe (single species or 5|mple mixtures of shrubs)
326 ~ Evergreen sclerophyl! shrub

"327'# Decsduous macrophyllous shrub

328 -
329 - UndIfFerentrated complexes of shrub scrub types
330 - Savanna like Intergrade types ]
oo 331 - Scattered tall shrub ) :
332 ~ Scattered broad-leaved tree )--- over herbs

333 ~ Scattered needle~leaved tree)
* 334 - Scattered needle-leaved tree)

- 335 - Broad-leaved tree )77 aver Ipw Sh'”bS_
336 -
337 -
338 - . .
333 - Undifferentiated complexes of savanna-llke types

340 ~ Forest and Woods types

34) - Needleleaf
342 - Broadleaf .
+ 343 - Mixed forests of needleleaf-broadleaf '
344 : o :
345
346
347
348
349

Undifferentiated complexes of forest and woodland types
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Dne example will suffice of how we adapted the Codiﬁg Manual classes
for Agriculture, Urban, Industrial, and Transportatnon.

ADAPTATION OF EXISTING AGRICULTURAL AND
L URBAN- INDUSTRIAL CLASSIFICATION
400 - AGRICULTURAL LANDS .
" - 410 - Field and Seed Crops
412 - Legumes for Seed
12,2 -  Peas, fleld o

© 500 - URBAN AND INDUS TRIAL (|ncluding tranSportatlon)
- 510 - Residential Housing ' '
- 511 - Household units
512 -~ Group quarters -
512.3 -~ Residence halls and dormitories
540 - Transportation, Communication,and Utilities
' 543 - Aircraft transportation
543.1 - Airports and flying fields
Those familiar with the Coding Manual and the work of Johnson (1969) will
inmediately sce that our agrfcditural crop symbols are derived by droppiné-
the initial 81 ... designator in the Coding Manual and reblacing it with -
a 4 in the hundreds position. To generate a symbol in tHe Urban, Industrial,
and Transportation categories, we merely added the digit 5 in front of the
Coding Manual symbol and placed a decimal after the third digit. Even
though many of the legend classes in the Coding Manual cannot be photo
identified, it is a comprehensive list,and most of the intermediate units
are photo identifiable.
Symbolization of'thé environmental feature, macrorelief, is handled
as follows:
PRIMARY PHYSICAL ENVIRONMENT CLASSES
1.0 - Flat Lands (slopes < 10 percent)
.1 - Nondissected

)
.2 =~ Dissected ' '
2.0 - Moderately Undu!atsng to Rolling Lands (slopes 10-25 percent)

2,1 - Nondissected

2.2 =~ Dissected
3.0 -~ Hilly Lands
ho -

Mountainous Lands
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These classes define the macroscale relief and contour features of the
earth's surface in a way that is eCOIOQiCaIIy relevant. They can be used
with high consistency to interpret space and h:ghfiight |magery They
have been defined and Iilustrated in earlier reports (Pettinger, 1970)
The legend for detalled relief and landform features is still chang-
ing.. This part of the legend has gone through a more radical evolution
than any other section. We are best sattsfsed with the first- order.
classes which we have chosen to call Secondary Phy5|cal Feature Classes
as follows:
PHYSICAL FEATURE CLASSES
.- Depress:onal or Wet Lands, Non- Riparnan
--Bottomlands, Riparian
- Planar Surfaces
- Fans and Bajadas
Terraces .
- Pediments . .
- Asolian Featured Landscapes

- Slope Systems
- Gravity and Mass Movement Landscapes

AV N J—
W N -
]

o

-
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Some of these olasses can be logically broken down by well-accepted
landform names, bthers pose difficultie; in Identifyfng subclasses
that follow geomorphological nomenclature and which are relevant to the
ecology of landscapes or to resource management.

We have found a legend based on rock types to be quite workable
- as a surficiol geoiogy logend leading into soils notations. This was
first developed in another project under Western Regional Research
support (W-25, Ecology of Brush Infested Ranges ) by.Poulton, Fosberg and -
Pyott (1968). As‘an applications “spiooff“ from tho project herein

reported, the.Buroau of Land Management arrived at the identical first-
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order classes as part of a California Desert Project (California
State Office, Bureau of Land Management, 197!). The first-order
rcategorieé for surficial geology are as follows:

. PHYSICAL ENVIRONMENT CLASSES
g S _ SURFICIAL GEOLOGY

-  10 - toarse Grained Igneousl
: 20 - Fine Grained Igneous
30 - Sedimentary
‘b0 - Metamorphic
50 - Unconsolidated Material
90 « Undifferentiated soil forming material
We have not developed a soils legend in this research, but we
suggest two Basic systems for handling this feature 6% fhe.physical
environment: (1) Symboliie the spils faxa'aécqrding to thelNa;ional
Standard Survey System, or (2) Symboiizg §Oi15.chara;teristics that are
ecq!ogically or managerially relevant. Such-fea;ures'as ;olum depth,
textﬁre, stoninesg, degree of development,.presencg of restrictive
layers or pans, etc,, are examp!és of the kinds of nopations reqguired.
We have had some experience with this latter system in areas wheré
soils are little known and have not been claséifiéd. It was found
useful and workable. In most instances, bo;h approacheS can be trans-
Iatéd into a numerical symbology that is computer compafible (Poulten,
Fosberg,and Pyott, 1968). .
We are ﬁuite certain that some of the above c]asées will be subject
to some change. They can be improved upon. All the‘preseﬁt'classes
ére workableiand they do exp}ess features that are génefally relevant

to the interpretation of Spécé and aerial photography and of other

systems sensitive to vegetational signatures. All the classes are
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consistently based on the selected criteria fortdiffergngiépion and:“
similarityi E;sed on our experience, we believe‘the vegetation legend
to fertiary level has continentfwide and possibly glgbal application.
It:is ideally su}ted fd in;erprétation of space énd.high a}iitude |
imagery. At Fhe.quaternaryffével} firsg decimal position, we beljeve
fhe regionélization of thgulegend is theoﬁly feasfble way to go. These
(egi§nal,boundar§es shou!d, however, be determined. by gcologicaliprovinces,
not by political or ownership boundaries. This s£ep.gnébtes one to held
the digits in the symbolic legend tora reasonable number and still main;
tain the logicquithe system. | |
We have given the legend system §ufficient publicity to get a very

good cross~-section of reaction. Nearlyrall has been encouraging because
reviewers see direct value_éhd applicability in the unified, computér-'
dbmpatibie SyStem.‘ Spebffica!lf, personnel of the Mt. Hood and Siuslaw
National Forests in Oregon are interested in'trying the.system for scme
of their multjﬁisciplinary resource analysis work. We are using-tﬁe
legend in two ERfS-] participation projects-at Oregon State University.
In add{tion,-we have actually used the system in other resource inven-
tory projects from salt desert to forest types. The writer Had an
opportunity in the fall of 1971 to adapt'the Iegend.to very broad

levels of vegetational resource inventory in the Brazilian Amazon and
some of the drier types to the south. Although the Brazilians were
already using another entirely Qorkable system, it is interesting that
our legend 5ystém, developed initially for an arid environment, was
. rather easily adapted to accommodate the vegetétiona! legend classes

which the Brazilian scientists had devised. These experiences, plus
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the |ncrea5|ng attention being paid to the need for a natton-wlde
rangeland resources |nventory and the movement of Federal and State
land management agencies toward interd|SC|plnnary inventory and team
management of natural resources, compel us to strongly urge that this
legend sVStem be glven serious con5|derat|on for nataon-wnde adoptlon
as a uniform ecological resource analysle legend. It truly has multi-
tdisclpﬁnanrapplicability and results in the recoqniton of IandstaperunitS'
~ that are ecologically unique and thst will serve as a base on which all
the |nd|V|dual dlscpllnes can accumulate most of the addltional detall

requlred for their |nd¢v1dual decnsnons and action programs.
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APPENDIX A

NASA-USDA FORESTRY AND RANGE REMOTE SENSING RESEARCH PROGRAM

STAR® No.

N67-19905

N66-39698

N67-19939

N66-39304

N66-39386

. N66-39700

"REMOTE SENSING APPLICATIONS IN FORESTRY'' SERIES

1966 Annual Reports

\\\\\ Title

——

Carneggle, 0. M., W. C. Draeger and D. T. Lauver. The

use of high altitude, color and spectrozonal Imagery for
the Inventory of wildland resources. Vol, |: The.timber
resource. School of Forestry and Conservation, Univer-
sity of California, Berkeley. 75 pages.

Carneggie, D. M., E..H. Roberts and R. N. Colwell. The

‘use of high altitude, color and spectrozonal imagery for

the inventory of wildland resources. Vol. |l: The
range resource. School of Forestry and Conservation,
University of California, Berkeley. 22 pages,

Carneggie, D. M. and R. N. Colwell. The use of high

‘altituyde, color and spectrozonal imagery for the inven-

tory of wildland resources. Vol, lil: The soil, water,
wildlife and recreation resource. School of Forestry
and Conservation, University of Ca!tfornle, Berke!ey

42 pages.

Heller, R. C. et al. The use of multispectral sensing
techniques to detect ponderosa pine trees under stress
from insect or pathogenic organisms. Paclific Southwest

Forest and Range Experiment Station, U.S. Forest Service,

USDA. 60 pages.

Lauer, D, T. The feasibllity of identifying forest
species and delineating major timber types in California
by means of high altitude small scale aerial photography.
School of Forestry and Conservation, University of Cal-
{fornia, Berkeley. 130 pages.

Wear, J. F. The development of spectro-signature indi-
cators of root disease on large forest areas. Pacific
Southwest Forest and Range Experiment Station, U.S,
Forest Service, USDA. 24 pages.

*Available through NASA Scientific Technical and Informatlon Facility,
P. 0. Box 33, College Park, Haryland 20740.
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STAR No.

N66-39303

N66-39405

N68-17406

N68-1749k

N6B-17671

N68-17378

N68-17408

N68-17247

o

Title

Lent, J. D. Cloud cover interference with remote
sensing of forested areas from earth-orbital and lower
altitudes. School of Forestry and Conservation, Unl-
versity of Callfornia, Berkeley. 47 pages.

“Weber, F. P. Multispectral imagery for species identi~

fication. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 37 pages.

1967 Annual Reports

Draeger, W. C. The interpretability of high altitude
mul tispectral imagery for the evaluation of wildland
resources. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 30 pages.

Lauer, D. T. The" feaS|bllity of identifying forest
species and delineating major timber types by means of
high altitude multispectral imagery. School of Forestry
and Conservation, University of California, Berkeley.

72 pages.

Carneggie, D. M., C. E, Poulton and E. H. Roberts.
The evaluation of rangeland resources by means of
multispectral imagery. School of Forestry and Con-
servation, University of California, Berkeley. 76
pages. :

Wear, J. F. The development of spectro-signature
indicators of root disease on large forest areas.
Pacific Southwest Forest and Range Experiment Station,
U.S. Forest Service, USDA. 22 pages.

Heller, R. C., R. C. Aldrich, W. F. McCambridge and

F. P. Weber. The use of multispectral sensing tech-
niques to detect ponderosa pine trees under stress from
insect or pathogenic organisms. Pacific Southwest

Forest and Range Experiment Stataon U.S. Forest Service,
USDA. b5 pages. '

Weber, F. P. and C. E. Olson. Remote sensing impli-
cations of changes in physiologic structure and function
of tree seedlings under moisture stress. School of
Natural Resources, University of Michigan. 61 pages.
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STAR No. ‘ Title
1968 Annual Reports

N63-16461 Lent, J. D, The feasibility of identifying wildland
resources through the analysls of digltally recorded
remote sensing data. School of Forestry and Conserva-
tlon, University of Callfornla, Berkeley. 130 pages.

N69-25632 " Carneggie, D, M. Analysls of remote sensing data for
range resource management. School of Forestry and
Conservation, University of California, Berkeley.
62 pages. .

N69-16113 tauer, D. T. Forest species identification and timber
type dellineation on multispectral photography. School
of Forestry and Conservation, University of California,
Berkeley. 85 pages. '

N72-7447) Driscoll, R. S. and J. N. Reppert. The identification
. and quantification of plant species, communities and
other resource features In herbland and shrubland
environments from large scale aerial photography.
Rocky Mountain Forest and Range Experiment Station,
U.S. Forest Service, USDA. 62 pages.

fk Wear, J. F. The development of spectro-signature
Indicators of root disease impact on forest stands.
Pacific Southwest Forest and Range Experiment Station,
U.S. Forest Service, USDA. 27 pages.

N69-16390 Poulton, C. E., B, J. Schrumpf and E. Garcia-Moya.
The feasibility of inventorying native vegetation and
related resources from space photography. Department
of Range Management, Agricultural Experiment Station,
Oregon State University. 47 pages.

N71-37947 Heller, R. C., R. C. Aldrich. W. F. McCambridge, F. P,

- Weber and S. L. Wert. The use of muitispectral sensing
techniques to detect ponderosa pine trees under stress
from insect or pathogenic organisms, Pacific Southwest
Forest and Range Experiment Station, U.S. Forest Service,
USDA. 45 pages.

N69-12159 Draeger, W. €. The interpretability of high altitude
multispectral imagery for the evaluation of wildland
resources. School of Forestry and Conservation, Uni-
versity of California, Berkeley. 68 pages.

#%STAR number not available.

51



STAR No.

N72-74472
n63—15856
N70-41162
 N70-41164
N70-4204L
N70-41064

N70-41282

N70~-41063

Title

Langley, P. G. and D. A. Sharpnack. The development of
an earth resources Information system using aerial
photographs and digital computers. Pacific Southwest
Forest and Range Experiment Station, U.S. Forest Service,
USDA. 26 pages.

Olson, €. E. and J. M. Ward. Remote sensing of changes
~in morphology and physiology of trees under stress.

School of Natural Resources, University of Michigan.

-43 pages.

1969 Annual Reports

0lson, C. E., J. M. Ward and W. G. Rohde. Remote

sensing of changes in morphology and physiology of
trees under stress. School of Natural Resources,
University of Michigan. &3 pages. '

Heller, R. C., R. C. Aldrich, W. F. McCambridge and

F. P. Weber. The use of multispectral sensing tech-
ntques to detect ponderosa pine trees under stress from
insect or diseases. Pacific Southwest Forest and Range
Experiment Station, U.S. Forest Service, USDA. 59 pages.

Langley, P. G., D. A. Sharpnack, R. M. Russell and
J. Van Roessel. The development of an earth rescurces
information system using aerial photographs and digital
computers. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 43 pages.

Driscoll, R. S. The identification and quantification
of herbland and shrubland vegetation resources from
aerial and space photography. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service,
USDA. 55 pages.

Colwell, R. N. et al. Analysis of remote sensing data
for evaluating forest and range resources. School of
Forestry -and Conservation, University of California,
Berkeley. 207 pages.

Poulton, C. E., E. Garcia-Moya, J. R. Johnson and

B. J. Schrumpf. Inventory of native vegetation and
related resources from space photography. Department
of Range Management, Agricultural Experiment Station,
Oregon State University. 66 pages.
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N71-36770

N72f2832]

fk

Title

1

Wear, J, F. and F. P;Iwebér. The development of spectro-

- signature indicators of root disease impacts on forest

stands, Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 58 pages. :

1970 Annual! Reports

‘Wilson, R. C. Potentially efficient forest and range

applications of remote sensing using earth orbital
spacecraft -- clrca 1980. School of Forestry and Con-
servation, Unlversity of California, Berkeley. 199 pages.

Aldrich, R. €., W. J. Greentree, R. C. Heller and N. X.
Norick. The use of space and high altitude aerial

‘photography to classify forest land and to detect forest

disturbances. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 36 pages.

Driscoll, R. S. and R, E. Francis. Multistage, multi-
seasonal and multiband imagery to identify and quantify
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service, USDA.
65 pages. :

Personne! of Forestry Remote Sensing Laboratory.
Analysis of remote sensing data for evaluating vegeta-
tion resources. School of Forestry and Conservation,
University of California, Berkeley. 171 pages.

Meyer, M. P., D. W. French, R. P. Latham and C. A.
Nelson. Vigor loss in conifers due to dwarf mistletoe.
School of Forestry, University of Minnesota. 2] pages.

Langley, P. G., J. Van Roessel, D. A. Sharpnack and

R. M. Russell. The development of an earth rescurces
information system using aerial photographs and digital
computers. Pacific Southwest Forest and Range Experi-
ment Station, U.S. Forest Service, USDA. 32 pages.

Weber, F. P, and J. F. Wear.. The development of spectro-
signature indicators of root disease impacts on forest
stands. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. k6 pages,

Heller, R. C., F. P. Weber and K. A. Zealear. The use

of multispectral sensing techniques to detect ponderosa
pine trees under stress from insects or diseases. Pacific
Southwest Forest and Range Experiment Station, U.$. Forest
Service, USD%. 50 pages.

*#%5STAR number not available.
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N72-27375 Olson, C. E., W. G, Rohde and J. M. Ward. Remote
sensing of changes in morphology and physiology of trees
under stress. School of Natural Resources, University
of Michigan. 26 pages.

1971 Annual Reports

N71-32815 Dana, R. W. Calibration of color aerial photography.
- Pacific Southwest Forest and Range Experiment Statfion,
U.S. Forest Service, USDA. 14 pages.

N72-28327 Driscoll, R. S. and R. E. Francis. Multistage, multi-
band and sequential imagery to identify and quantify
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Station, U.S. Forest Service,
USDA. 75 pages, _ | :

N72-28328 Amidon, E. L., D. A. Sharpnack and R. M. Russell. The
development of an earth resources information system
using aerial photographs‘and digital computers. Pacific
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 7 pages.

N72-28324 Personnel of the Remote Sensing Research Work Unit.
Monitoring forest land from high altitude and from
space. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 179 pages.

N72-28326 Poutton, C. E., D. P. Faulkner, J. R. Johnson, D. A,
Mouat and B. J. Schrumpf. Inventory and analysis of
natural vegetation and related resources from space
and high altitude photography. Department of Range
Management, Agricultural Experiment Station, Oregon
State University. 59 pages.

N72-28325 Meyer, M. P., D. W. French, R. P. Latham, C, A. Nelson
. and R, W. Douglass. Remote sensing of vigor loss in
conifers due to dwarf mistletoe, School of Forestry,
University of Minnesota. 40 pages.

N72-28037 Olson, C. E., W. G. Rohde and J. M. Ward. Remote sensing
of changes in morphology and physiology of trees under
stress. School of Natural Resources, University of
Michigan. 77 pages. '

xk Personnel of Forestry Remote Sensing Laboratory.
Analysis of remote sensing data for evaluating vegeta-
" tion resources. School of Forestry and Conservation,
University of California. 195 pages.

*STAR number not available.
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1972 Annual Reports

briscoll, R. S. and R. E. Francis. Multistage, multi-
band and sequential imagery to identify and quant!fy
non-forest vegetation resources. Rocky Mountain Forest
and Range Experiment Statlon, U.S. Forest Service,
USDA. 42 pages.

Amidon, E. L., D. A. Sharpnack and R. M. Russell. The

development of an earth resources information system

using aerial photographs and digital computers. Pacific
Southwest Forest and Range Experiment Station, U.S.
Forest Service, USDA. 23 pages.

Poulton, C. E. Inventory and analysis of natural vege-
tatfon and related resources from space and high atti-
tude photography Range Management Program, Agricul-
tural Experiment Station, Oregon State University. 48
pages.

Personnel of the Remote Sensing Research Work Unit.
Monitoring forest land from high altitude and from
space. Pacific Southwest Forest and Range Experiment
Station, U.S. Forest Service, USDA. 200 pages.

Olson, Jr., C. E. Remote sensing of changes In morphol-
ogy and physiology of trees under stress. School of
Natutal Resources, University of Michigan. 26 pages.

Personnel of the Forestry Remote Sensing Laboratory.
Analysis of remote sensing data for evaluating vegeta-
tion resources. School of Forestry and Conservation,
UnIversity of California, Berkeley. 245 pages.

Douglass, R. W, M. P. Meyer and D. W. French. Remote
sensing app?icat:ons to forest vegetation classification
and conifer vigor loss due to dwarf mistletoe. College
of Forestry, University of Minnesota. 86 pages.

#*STAR number not available.
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