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I. INTRODUCTION

The launch of IANDSAT has for the first time provided the water ra-

source manager and practical hydtologisf with broad prospects for effi--

clent acquisition of essentially real-time data, These are usable for
hydxologio land use assessment, surface water invenﬁory,iand.for the ex~-

traction of information pertinent to soil properties, ‘This information

has value not only by and in itself, but also to oonSttuctvthe'watérw

shed transfer function foxr hydrologmc plannlng'mooela aimed at estima-

tmng peak outflow from raxnfall 1nputs.

The reduction of satellite data to practical, operational informa- .

tion requires a clear, easily applicable methodology for converting

these data inta quantitative hydrologic parameters,

The fundamental objectlve of this effort is the development of
guch a-methodology an& its transfer to hydrologic users. It was yea-

lized that such technology transfer oould be made far ‘mare effective

by the narallel development and eventual demonstratlon of the results

of a model._specifxoally struotured to. take full a&vantage of the ca-

. pability of IMDSAT ~ for example, its frequent recurrence and conse-

‘quent ability ta determlne seasonal varlatlons ln the watershed's con-

ditions, The category of plannlng models was chosen for devnlonment
and demonstyation because of its great practical importanoe in the de-
sign of waterworks, because of the wide diffusion of soch‘modeis>down
to capillary levels within the hierarohy_of_water'resouroes users,
and hecause their implementation'is relatovely‘simpler than
mznagement models,'thosohakihq optimum use of the resources available

for this effort,

S Ry S T




Conseguently, the effort was structured along two major routes:

- the development of a hydrologic planning model specifically based upon

remotely sensed inputs, including its test and verification from ex-

isting records; and the application of LANDSAT data to supplying the

model's quantitative paraneters and coefficients. Included was the
investigatlon of the use of LANDSAT data_as information inputs to all

categories of hydrologic models requiring gquantitative surface Dara-

- meters for their effective functioning,

The effort thus far has consisted‘of three phases, The first fo~

cuzed oh ﬁhe definition of the "drivers" - those hydroldgié processas

to which peak runoff is most sensitive - and upon tliz synthesis of a

_ simple yef effective model for thé eétiméﬁion of.long?recﬁtiencesbuﬁ-.
_f;oWs. The results of the first phase effort wefg'piesepted in thg

final Report,r“fhe Aéplicétion of-Remcté'éensing to.tﬁé Devéiopﬁéﬁﬁ.ana
‘Formulation of Hydrologic Planning Mode1s," dated January,‘lQTS. The
second phase extendea this ﬁdrk tovinciﬁée the developmént of a ioﬁting

mode’l for use in sensitlvity analyses, and a quantitative investigation

of the accuracy and completeness of the hydrologic infoxmation which

- can be extracted from remotely~sensed imagery..

These findings were reported in the January, 1976, final report,

The current phase has concentrated on validation of the model and

upon the synthesis of a simple methodology for performing hydrologic

analysés from LANDSAT imagery.

i .
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.VII...SUMMARY OF RESULTS AND CONCLUSIONS

The objectives of the current effort have been to complete and test

a hydrologic planning model making maximum use of remotely-sensed inputs; -

to document prodedﬁres for extraction of pertinent parameters from satel-

 lite dataf and to expose the model and techhiquéé ko prospective users.

- In the course of this investigation, several findings and conclusions

have bheen reached and are described below:

Theblmportance of Surface Parameters to Hydrologic Models

The surface-related parameters used by existing hydrologlc models

'(Mannihg‘s "n,* §.C.S. Curve Number, etc.) can he derived from LANDSAT

imagexy to the reguired accuracy. .The Qpportunitf is available tec take

'advahtagé of the radicmetric and multi~temporal properties of the dafa

to facilitate identification and classification. MOraover,rpbtehtials'

‘exist for remote monitoring of soil and soil moisture which would be of

great value to hyﬁ:olcgists.

Planning Model Development

A simpla_model which is amenable to remote sensing inputs has been

developed and tested; it exploits LANDSAT data for surface cover input

‘ and can accapt gsoil molsture information as thls becomes 90551ble. The

test was performad for the Bucklodge Branch, Maryland, watershed- Ad%'
curacy achleved to date appears commensurate with those of conventlonal
models. The prlnCLPal purpose envmsmonad for the model and bnnchmark
test is to demonstrate to prospective users that satlsfactory resuits
.can be .achleved and to show hcw slmllar analy51s procequres m;ght,be

applied to their watershed with their models.
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Synthesis of Analytic Procedures

Our experience has shown that a significant share of hydrologic
modeling is being performed under the auspices of local governments.
Consequently, two impediments to the use of satellite data arise.
First, there is a lack of standard procedures for extraction of hydro-~
logic data. Second, the expense involved with current computer/optical
practic s is a deterrent to use. This rsport proposes a procedure for
simple visual analysis of LANDSAT images which is accurate enough for
use in conjunction with hydrologic models. It has been determined
further that these technigues extend beyond the field of hydrology and

can have equal applicability to agriculture, land use, etc., analyses.

Contacts with Prospective Users

To date, contacts have been made with both foreign and domestic
users. Due to the relatively new state of modeling overseas, the
response has been greater there. One Italian region has embarked on the
analysis of a major watershed, spawned in part by this investigation.
Other regions have expressed interest. Domestic acceptance will be
fostered by the demonstration of concise procedures and satisfactory

results. Such a purpose is intended for this document.
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.. logic model,

IXZI. REVIEW OF PREVIOUS PHASES

0f critical concern to water resources planners and engineers is

the ability to forecast peak flow events. The.capac;ty_to_estimate_the

magnitu&e and duration of large~recurrence outflows has a significant
impact upon the accuracy of sizing and designing waterworks, and thus on
thelr cost,

The tool available to the planner for these pﬁrpéées”is'fhe“hydro_

Althoungh the inputs of di fferent models vary, all require

significant guantities of physiégraphic and hydrologic information; these _

data are typically expensive to obtain and are often only partially avail-
able, Remote sensing offers a new source of information which formerly

had to be acquired by less efficient means or ignored altogether,

The first phases of’this efrnrt conductad from February, 1974 teo

December, 1975, addressed four pertxnent tOPlCS'

Identification of the Ydrivers® of peak flow events, i.e.,

1)

_the hydrologic phenomena (1nflltration, antecedent soil
moigture, etc.) to which the watexshed's outflow is most
sensitive,

é)'”Théfdevelcpmeﬁt_cf a wodel compatible to the maximum degree
with rémctelyﬂsensad hYdrolcgié inpnts;
3) Preliminary vexification of the model for actual watersheds,
.”f4i"initial_identificaticn'of the efficiency of remote sensing

in determining the parameters of the model.’
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3.1 TInvestigation of Driver Pheéncmena

The purpose of this investigation was to achieve a valid statis-
tigal comparison of the rates and magnitudes of the hydrclogic.pro-
cesses -contributing to the runoff from lqng—recur;enca-events. JThig
was accomplished over a significant sample of watershedé, with wide
variation -of c¢limatology; terrain, and physiography. The qompari;on
allowed the determinatlon of which are important and which can be neg-

lected without significant less of accuraay,

Rain falllng'on 3 watershed is subject té several processes which
abstxact water and goyern the flow. Those Whlch produce the mmst s;gu
nificant changes to flow rates and volumes "ﬁerE“ the basin outflow,
Table 1. dascrlbes the hydrologic processesr Table 2 presents the
“drivers" of‘each It shows that SeVeral procasses can be omitted in‘

the formulation of a peak rate model because of thelr llmxted.lmpact.

- For example, the. rates correspond;ng to lnterflow, parcolatmon, and

evapotranspiratmon are very slow in comparlson wmth other processes

such‘as ralnfall' infiltratlon‘and overland~flow, Also, Lntarceptlon -

and dapression storage becone satnrated early in 1arge raznfall events

and therefore are inconsequential to. peak avent modelllng,

Therefore, except foruvéry'special éircumstances, peak flow can be
adequately ﬁoaéllea by éonsideriﬁg'only precipitaﬁibn;‘infiltration and

: surface flow - both overland and in the channels. The means by which

this can be accompllshed w111 be dmscuseed ln.Sactlon V.A
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‘SUMMARY DESCRIPTIONS OF HYDROLOGIC PROCESSES -

HYDROLOGTC FROCESS

DESCRTPTION

Molsture caught and stored on plant leaves and

Interception stems or other impérmeable objects; eventually
N ~ evaporated back into the aumosphere
Tafiltration Dovrmiard novement of wabter fivram the surf'ace into
e the soll.
A) TInterflow Laterg]l subsurface vwater movement toward stream

channels,

B) Percolation

Downward movement of water through soil to
groundwater (area where pores of soil or rock
~ are filled with water).

¢) Base Runoff

Waber from intewflow and percola tion which moves

underground to the chamel.

Evapotranspiratioﬁ

“A) Bvaporation

Upward movement of water in gaseous state from .
the surface. -

B) Transpivation

Movement of water through plants to the

. atmosphere,

i o ot a

Precipiﬁa.tion Excess

A) Depression
' Storage

Retention of excess rainfall in swface depres-

Cslons.

“B) Surface Flow

Uninfiltrated water which flows' over lancz
- surface to stream channels.

oo i hr ab k. ere L ®

C) Channel Flow

Flow of watér in natural chahnels.

Total Runoff

Sum of runoff from underground processes (base
runoff) and overland flow (direct Tunoff).
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TABLE 2

POTENTIATIY TWMPORTANT DRIVERS AS RELATED TO HYDROIOGIC PROCESSES

HYDROLOGIC PROCESS

PRINCIPAL, DRTVERS

SECONDARY DRIVERS

Overland Flow

Slope

Roughness of Soll
& Cover

Drainage Density &
Pattern

Infiltration

Soil Permeability

Antecedent Soil
Moisture

Soil Moisture Capa~
city

Vegetative Cover
Slope

Water Turhidity
Temperature

A)Y TInterflow

Soil Permeability

Subsurface Moisture
Gradient _

Flow Length, Slope

'B) Percolation

Soil Permeabllity

Subsuzface Moisture
Gradient

Soil Depth

Bvapotranspiration

- A) ZEvaporation

Temperature
Mntecedent Soil
-Moisture A
Soil Permesbility -

Viater Turbldity
Winrd

B) Transplration

Temperature

- Solar Radiation

Vegetative (over
Anbecedent Soil
Moisture

Wing

Depression Storage &
Detention

Depression Density
Cover Retentlon

Slape

Interception

+ ‘Duration of Reinfall
Intensity of Rain-

. Cover Composition,
Age, Density

Evaporation Rate

g

1, R T A i s ot N i e A e D P ot bt et s ) e amE o

L
e A T et T A



3.2 Development and Validation of Remote Sensing Model

The !olloﬁing criteria were followed in the stxucé.urihg of = poak-

rata model:

1} The modal would be modulax, to allow the user flexibility of

application,
2) The model would maximize potentisl input from remote Sensing.

During the first phase a model of the Rational Formula type was
developed, Xt is of the form:

1

i
.!0‘4-.&‘

3
1)

6
¢ @i ()

3

£ s (3600} J |

where: o v 3. 2
o O = maximum outflow rate, n’ /sec/km

L = channel length, m

1 = length of average stxip, m

n = average iwnningis “n®

¢ = routing factor

£ = ic Oy p %

K = jnfiltration and spatial correction factor
T = rain recurrence interval, years

s = average slope, m/m

Uys Oyy O constants, function of location

The output of this model is the expected pesk discharge rate for a
" watershed for a rainfall of T yeaxs recurrence interval (A complete

darlvation is contained in the January, 1975 report). This model was

vt el B i s s e 3
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verified against records of 31 experimental ‘watersheds of the Agri=
cultural Research Sexvice, The results showed this model ta equal

or better the performance of othexr formulations of the Rational type.

In the second phase, the two criteria of modularity and remote
gsensing input maximization were applied to the devélopxm‘mt- of a more
con;_prehensi_ve model capable of rqt;ting water q'v_'erland ‘and through the
channels, This model as envisiéned would h@ve maximalutility fér w-
gaged, predominantly rural wate.lrsheds',-ife. s ‘those where remote sensing
could play a significant role, Completion ané verification of the model

occurred during the current effort and will be reported later in this

éncument

3.3 Tdentification of the Efficiency of Remote Sensing in Determining
Parameters of Hydrologic Models

This task was comprised of hydrologic land use analysis of water-
sheds located as given below:

1} chlckasha, Oklahoma

2] oOxford, Mlsaissippi

3} Blacksburg, Virginia

4) Muddy Branch, Maryland

The findings of thia analysis are summarized in the followi..ng:

1) Substantial hydr’c.:iogj’.c':' information can be measured from
TANDSAT imagery, The parameters identified and mgasu:ed were:
‘surface water bodies, surface cover clasges, channel -lengtzﬂs,
and wa’deréhed area, Both single-band and colox composite im-

" agery were examined; the latter offered much more information

and greatly facilitated analysis.
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2} of particular value were seasonalv.IANDSAT ocbmervations. For
example, the Octcber imagery showed the watergheds when vege-
tetlon density was low; this made the higher.-oraer. gtreams
visible, More channels could be measured from i:he_diickasha,

E}klahomaﬁ image than appeared on thé U.S,.G.S»,» topggraphi.c map
at the same scale, LANDSAT imagery cleaxlf showé that ef—A

.fective drainage density varies cyélically'throughout the year.

31 It hecame apparent that published records do not reflect ,;:ur-
rent gurface cover conditicﬁs, gince the watershed's land use
typically alters with time., The October, 1973, LANDSAT imégexy
demonstrated that surface cover for the Chickasha Basin had

changed from that described in the latest published data (1967).

4] The Oxford and Hlacksburg watersheds were used to svaluate the
discriminsbility of stream courses, forest cover, surface water
‘ and impermeable areas from LANDSAT images, The relative value
of each of the four MSS bands was assezsed; Band 7 was found
moat useful for surface water, while Band 5 offered more detail

" in vegetated areas, It was concluded, though, that composite

imagery optimized the contributions of all bands,

5] A complete hydrologic land use analysis Was. performed using
color composite lmagery for the Muddy Branch basin in hbhtgpmrg
County, Maryland, The accuracy of the process was verified by
comparison with aerial photography ground truth, The xesurlts
are summarized in Table 2 , Overall error was about 6%, ac=-

ceptable for computation of surface cover factors of hydrologic

models,

-t gk b

L A L A i AT kot S 2=

h‘—‘-“_“xz_lmv&:*r.\mqu-

e

TS e s o £ b 3 T S0



m12m

TABIE 3

o

SURFACE COVER CLASSIFICATION RESULTS, MUDDY BRANCH BASIN

' AREA
LANDSAT
- R——,

% OF.  AREA % OF  INVENTORY
' WATERSHED  AERIAL ~ WATERSHED ~ __ERROR

Y

Urban
Forest
Lakes
Soil

Flelds

557 ha.

1.242 ha

30 ha
575 ha

11 547ha | 10 4 5%

11 649 ha 2z 0 ~14%
24 . 1,292 ha 23 N - 4%

1 29 ha 1 'Y

54 3,028 ha 55 e

o s e e,

e s e,
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IV. ' APPROACH TO THE PRESENT EFFORT

The current phase of this effort brought the prior work to a

~

conclusion through four tasks:

Task 1 The complete development of the routing model.
fagk 2 The derivation of hydrologic parameters from LANDSAT

imagery for an additional watershed, making a total of
five for which such analysis has been performed.

Task 3 The ddcumentation of ptoceaures for extracting hydro~

' "logic information from LANDSAT imagery.

Tagk 4 Deﬁonstratidn of the procedures and model to a

selected group of users.

Pigure 1 is a flow chart showing the cbjectives set out for this

phase.

Tagk l_constitutéd the synthesis of a routing module for the
planning model. This has been completed and progfammed in FORTRAN IV
for operation on small-capacity digital computers. The model features
uséx*interactive operation and amén&bility to present and potential in;
puts from satellite xemote sensors.

A gummary of its derxivation is presented in Section VI. ( A more

-detailed derivation is included in che Appendix). Task 1 culminated in
the simulation of a peak runoff event as taken from actual gage records;
this is also described in Section VI. -

Task 2 invelved the hydrologic land use classification of the

Buckloa§é Branch ﬁ;térshéd”in:ﬁbnthmery County, Maryland. The techniques.

developed for Tagk 2 {described below) were applied to cover

v - pweiin. )
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FIGURE 1: FLOW CHART OF CURRENT PHASE

COMPLETION OF ROUTING
MODEL DEVELOPMENT

DOCUMENTATION OF IMAGERY
- ANALYSIS PROCEDURE

VALIDATION OF ROUTING
MODET, AND ANALYSIS PPQOw-
CEDURE '

"USERS

EXPOSURS OF MODEL AND .
PROCEDURES TO SELECTED

A A A il PR




classification of Bucklodge Branch, This task also included the deri~
vation of model parameters from the remotely sensed information, Re-

gulte are reported in Section VI.

‘Task 3 resulté'd in the development of generalized procedures for

extyraction of guantitative information from LBNDSAT imagery through

| siniple" xisual analyses,  The findings, given in Section V, showed that .

relatively mcomplicated techniques can yield zesults adequate for hy-
drologic medelling,

The final task included identification of prospective user groups

and exmosure of the model and assoclated analysis procedures to them,

A gummary of those activities is presented in Section VII.
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V. PROCEDURES FOR EXTRACTION OF HYDROLOGIC DATA FROM LANDSAT IMAGERY

- The quantities of rainfall which eventually become stream discharge

depend in large measure upon the character and condition of the land sur-

- face over which it must run. Rain falling on a watershed is subjected

to the retardant forces of the surface cover; this retardation, in turn,
reénilates ‘the fractions of the water mass which run overland, infiltrate
or are evaporated. A rural watershed covered with thick grass

and 'tr'ees, for exémple', will hai'r'é a much different response to a peak
rain event than will its urbanized counterpart.

Figure 2.exempli.fies' thié effect. The curve shows the impact on
runoff peak of altering the surface complex (as approximated by_'. the S.C.S.
curve.nunber) . Points on. tﬁe curve were generated using a récoﬁ:ded rain
event input to a 150 square kilometer basin in the region of Tuscany,
Ttaly.* 'Ihe. sensiﬂvity .is marked. Figure 3, similérly, deréonstratés
the effect on the discharge peak of seasonal change, in this examplé,
that of cultivating a portion of the watershed. Again the results are
pronounced.: Two conclusions can be made:

1} Surface cover is a significant driver of peak discharge
. . event,
2) The provision of periodic land cover information can be

of value to the hydrologic modeller.

* This watershe'd_ is currently being modeled for the government of
‘the Region of Tuscany, Ttaly. The modeling techniques were derived
from the present NASA — sponsored effort. -
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Prior work in remate sensing for hydrology has shown that surface
cover can be derived from presently available LANDSAT imagery. B problem
with reducing potential to practice, however, has been the absence of
standaxrd procedures for extraction of required data by unqomplicated,
inexpensive, yet accurate, means.

One cbjective of this effort was the development of‘pzbcedu;es.for
utilizing LANDSAT data to determine waterghed surface cover. " An important
result is that the procedure eventually developed is applicable not only
to the specific model developed herein, but can be generalized to all

_ hyqfolqgic models. -
5.1 Importance of Surface Cover to Hydrolegic Models

For reasons just discussed, all bu% the simplest hydrologic models
take surface cover into comsideration. ' Specific implementations vary
but generally include the following:

a. Computation of initial detention storage
‘b. Calculation of surface resistance to overland flow
Division of the rainfall mass intc its overland and intiltrated
fractions ' '
d.. Estimation of potential evapotranspiration
e. Qﬁéﬁtificatibn of the effects of impermeable areas
Figure 4 summarizes the surface cover inpﬁts to several widely~used

hydrologic models. It is clear that a substantial amount of surface-

related information is required.
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For these reguirements to be filled by LANDSAT, the freguency and

resolution of the LANDSAT-derived data must be sufficient to'meet-mbdel

demands. With respect to the first point, LANDSAT can provide a new
surface cover plcture every nine to elghteen days. This frequency meets .
and exceeds all the requirements of current models, even when cloud oc-

cultation is factored in..

The resclution of lén§ qover.detai; required by the models varies,
but is generally‘consistehﬁjwifh thé_éUrreht dépdbilities of LANDSAT
sensors. The excéptiona are those models designed to anaiyze intra—pxban
hydrology; s;teliite data will be of limited aﬁpLiCaﬁiliﬁy herél. For |
those models suited to evaluation of larger watersheds,'m§st rééuiief_

ments can be met through a2 LEVEL I* land use classification, which can

~ be accomplished remotely. The modellex must be able to distinguish

between:
a. Urbanized areas
b. Agricultural (cfopped) areas/fallow
c. Surface Water
d. Pasture

e. TForests

*(As defined in, "A Land~Use Classification System for Use Wlth Remote
Sensing Data," U.S5.G.S. Clrcular 671, Anderson, Hardy,ana Roadh, 1972) '
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'ihis level of detail will permit éoﬁputation of friction factors

such as Manning's "a," mensuration of impermeable areas y caleulation of

gurface water area; etc.

5.2 Alternative Techniques for Analysis of LANDSAT Imagery

Because LANDSAT data is produced in two forms, computer compatible
tapes (CCT's) and "photdgraphic" 'iméges , two opitions for its analysis

ax:.st - computer and visual class:.f:.ca mn/mensuratz.on. The First

mvolves the deVelcpment of mathemat:.cal/statlsta.cal algorithms for

separatz.on of themes based upon the relat:.ve output of each of the

SSnsors. Vlsual analysis is the game with the except:.on that the algorrthm

is mental - The interpreter segregatas on the basn.s of the individual or

sunmed reflectance 1evels of the Multlspectral Sensor Bands.

‘What are the advantages/disadvantages, if any, of either procedure?

Our work in hydrology, and other application areas, has made obvious a

" number ‘of factors making visual analysis preferable for “"complex" scenes

and low-cost applications. Principal among these are:

Training Sample Criteria

Computer classification and mensuration requires the establishment

of a nmber .cf ﬁr.aining' samples. - These should 'be_z *homogeneous” séiapleé, -

contaln:.ng at 1east a m:.nimum mmber of p;,xels. W:Lth vigual analy51s,
it is poss:.bla to minimize the tra:.ning flela req_ulrement; it :.s also

~easier to account fo:_:_ var:._atlons within a thgma which would result in
errors w:.th c'omputz;er. élassificatibg; - - .

Maximuzation of Multx-'l‘e:gporal Eropertles of IANDSAT Imagegz _

In hydrology, as well as agr:.culture, the use of multi-~date mgexy

*
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has proved advantageous. Visual analysis facilitates the simultaneous

evalvation of images from different seasons, years, ete., at low cost.

Ground Truth

In most settled areas, the scales of features vary significantly.
The relatively low, 66 meter average resolution of LANDSAT causes
boundary effects which distort the identification and mensuration of
areas less than several tens of acres, if performed by automatic means.
Only the visunal overlay of aerial imagery or maps against LANDSAT imagery
corrects this proslem. Projection of visual images at scales which

can be comfortably observed greatly facilitates scale matching.

Accuracy of Results

Except for LANDSAT scenes taken at the correct seasons when reflectance
differences among the various ground covers are most pronounced and in
which the features to be identified are extensive comparsed to the LANDSAT
pizel dimensions, automatic classification exhibits comsiderable erxoxs.
Visual analysis employing cone or more of the technigues indicated above
(multitemporal, superposition with aerial photography}, can result in

significantly improved accuracies.

Yauipmen® Regquirements/Costs

The initial capital cost of visual analysis equipment (projectors,
zoom transfer scopes) is considerably lower than that of digital processing
equipment. For “"complex"” scénes, visual analysis has been found in this
effort to cost on the order of 10% of computer analysis at equal performance.
It ig concluded that at the present state of the art, visual analysis
techniques axe preferable for small users, because they are more likely

to utilize LANDSAT imagery if the initial costs and skills levels required
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are kept as low as possible.

Even with simple visual means two problems still constitute impedi~
ments to the practical use of LANDSAT imagery: 1} the lack of a standard
procedure; and 2) the wnavailability of projection/analysis devices
amenable to complete analysis of satellite imagery at low cost. ECOsystems'®

effort has resulted in technigues for solving both these problems.

A device for easy analysis was developed and tested* which is sujited

to LANDSAT scales and resolutions. It iz described in Appendix B.

The following describes a recommended procedure for dexiving

quantitative hydroclogic data from the MSS imagery.

5.3 , Vvisual Extraction of Hydrologic Land Use from LARDSAT Imagery

The preceding sections have described the uses of surface cover
data by hydrologic models, and indicated that many are obtainable from

IANDSAT imagery. It is significant, in addition, that the extraction

of thege data can be accomplished through simple and inexpensive visual
means, procedures similar to those used im analysis of aerial photographs.
The development of a certain amount of expertise on the part of the
interpreter is necessary, but the level reguired is not prohibitive.

The most important concern is that a careful and consistent analysis

procedure be adhered to, such as that described herein.
5.3.1 ILand Use Information Content of the Four LANDSAT Bands

In order for LANDSAT data to be useful in hydrologic analysis:

* The device was developed on ECOsystems' own funds, but utilizing
to the fullest the experience garnered in this NASA - sponsored

effort.
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resolution of the sensors must be sufficient to provide the required

level of classification and area measurement; and, the optimumn spectral

bands mugt be chosen for the surface feature under study.

With respect te the flrst criterion, the minimun resolvable area
of the LANDSAT sensors is of order 0.4 hectares (1 acre). The applica-
Lility of IANDSAT, therefore, will be cptimized where the unit of analysis
is sufficient, i.e. in medium to large-sized basins predominated by rural
land use; it is dn these basins, though, where gage records are typically
less detailed and Qhere modelling can have large benefits (snowmelt

analysis, water works sizing, flood forecasting).

With respect to the second criterion, no single LANDSAT band can
distinguish all land use classes well enough to meet the reguirements
of hydrologic modelling. - However, the output £rom the four sensors
taken individually and in sum do provide sufficient information. Each
sensor sees a distinct spectral range and, therefore, receives different
radiance levels from a particular dbject. For the purposes of thematic
segregation, it is preferable that a sensor see a theme at one extreme
of reflectance {i.e., very high or very low) while giving the opposite
valuge for all other themes. This maximizes contrast and likewise the
separability of the theme. B2gain, no single spectral band can accomplish
this ideal case, but an examination of the imagery shows that hydrologic

Yy
land use classes can be separated.

w
&+

For example, in LANDSAT Band 7 (0.8 - l.1lum) surface water appears
very dark while itg surroundings are generally much lighter whereas

for Band 5, forested areas appear dark. Figure 5 illustrates this.
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FIGURE 5

REFLECTANCE CHARACTERISTICS OF MSS BANDS

MSS BAND 5
(0,6 - 0.7 um)

e

MSS BAND 7
(0,8 = 1,1 ym)
SURFACE WATER -

DARK

FOREST -

DARK
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Table IV sunmarizes exemplary radiometric data and indicates which
bands appear preferable for a given theme. The values, derived from
imagery from the Baltimore-Washington area, show where the land uses fall
cn a fifteen-step gray scale. (A value of 1~ 100% reflectance; 15 =
0% reflectance). Themes will be most easily separated where the variance

is small and where the other themes have different values.

5.3.2 Use of Composite Imagery

The utility of LANDSAT imagery can be augmented by combining the
individual bands into composites. The addition of color to each band
facilitates the separation of surface themes, because it allows the

analyst to see the information contained in all bands simultaneously.

A simple, low cost procedure for color encoding individual black

and white images and compositing them is available in the diazo process.

Its best us:ge, as developed by ECOsystems, is to produce plastic transparencies

in shades of a single color directly from LANDSAT 9" x 9" images. To ac-
complish this, the black and white image is sandwiched with a sheet

of diazo film and exposed to ultraviolet light. The film is
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| TABLE IV
BAND 4
OCT.. '73 IMAGE JUNE 73 IMAGE
4‘ Surface Watex 5-10 I~4
| { Urban 1- 7 1-2
3 Forest 10-11 78
Fields/Agricultural 4~13 1-9
BAND 5
surface Water 10~14 9~10
Urban J- 4 1- 2
10-11. 10-11
{Fields/Agricultural| 1~ 7 1-12
BAND 6
Surface Water 15 15
Urhan 4--12 8-10
' Forest 8- 9 5~ 6
Fields/Agricultural 4-12 4-10
i
} BARD 7
[surface water| 15 15
[urhan] - 10~11 lo-11
Forest 7~ 8 2- 5
Fields/Agriculture 2-11 1-11
[:l - indicates best single band for given theme
i
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then developad by simple eguipment which exposes it to ammonia vapors.
Figure © exemplifies the process product: a diazo positive of a single-
band - LANDSAT image processed in cyan. The procedure ig repeated for
the other bands producing each band in a different color. Finally, the
dlazo transparencies are overlayved, registered, and glued together to

form the composite image. Figure 7 is a contact print of the resultant
composite.
Seve. | advantages to image analys:is with diazo transparencies have

been found:

1. The costs are very low, especially when compared to computer-
aided classification technigues. The exposure and develop-
ment unit can be purchased for approximately $500 to $1,000.

The materials cost for composite transparéncies is less than
one dellar.

2. The diazo £ilm vields a faithful positive reproductiva of the
original image. WVexry little detail is lost, and processing
time is short. A composite trangparency can be produced in
under s hour.

3. By varying exposure times and £ilm color, images can be
"tuned" to accent dESired.féétures while depressing others.
This significantly augments the separability of surface
themes. Several compogites can be prepared for a watexshed,
each of which optimizes the v}sihility of a specific land

use.

5.4 Recommended Procedure for the Visual Analysiz of LANDSAT Composite
Imagery

The visual analysis of imagery for hydrologic land use should proceed

in six steps:
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FIGURE 7

SECTION OF CONTACT PRINT OF THREE BAND
DIAZO COMPOSITE, 6 October 1973

BAND 4 ~ YELLOW
BAND 5 - MACENTA
7

BAND - CYAN
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1) Preparation of "tuned" Diazo Composites
2) Image Projection/Ground Truth Overlay
3} Watershed Delineation

4) BAnalysis of Ground Truth

5} Segregation of Surface~Cover Themes

6} Quantification of Hydrologic Parameters
5.4.1 Preparation of "Tuned" Diazo Composites .

As noted earlier, no single LANDSAT band contains all the hydrologic
information; each sensor maximiﬁes the refleétance of the surface in a
different spectral range. Fuil advantage of these reflectance differences
has ¢generally not been exploited in visual analysis: rather, past work
has relied mostly upon LANDSAT's geometric pr;perties - identification
of shape and form from single color composites.

The diazo compositing process affords the analyst the opportunity

to optimize the value of radiometric differences. Consider the fol-

lowing example: Band 8 (0.6 ~ O.7Um)receives low reflectance from
vegetation since these wavelengths are absorbed by chlorophyll. Eand 7
{0.8 ~ 1.1im), in contrast, receives nearly 50% of the incident radiation

from mature green vegetation. This phenomencn can be exploited'to

discriminate vegetation.

Suppose that the watershed under study cohtains heavily vegetated
areas. Is it poSsible to assign a desired coloxr to these areas in
preparing the composite.

If it is desired that these vegetated areas appearlxed, it is only

necessary to encode the Band 5 diazo Qositive in red {and/or Band 4, if
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it is used, since the two are correlated) and to develop Bands 6 and 7
in contrasting colors. 'the red vegetated areas of B’an’ds 4 and 5 will show
through the equivalent sections of Bands 6 and 7 which will be clear.

The result is a composite "tuned" to vegetation.

Thus, by referral to the relative reflectances of land use clagsi-
fication, such as shown in Table 4, the analyst can compose his imagery
to make more obvious the themes he wishes to identify. The technique

described is valid for themes which provide high contrast (low or high

reflectances simultaneously present). & modification of the process

allows separation of themes whose reflectances lie closer together (lower

contrast). It is a property of diazo imagery that increasing exposure

time decreases the content of the image; i.e. a long exposure time drops .
out themes with high reflectance (low image density). A positive image

can be color-encoded in a given color and exposed to the point where allk

This pro=-

areas with lesser density than thoge desired are eliminated.

cedure is then repeated with the egquivalent negative image, but in a
contrasting color. When the two images are overlayed, the subject then
will appear in the color produced by combination: surrounding areas

will be in pure hues. Figure 8 demonstrates the results.

The two techniqﬁes described above s‘eparate all but tiiemes with
very low relative contrazst. To furthe;r improve the discrimination
between thése, 2 third option is the use of multi-tempoéral imagery.
For example, forested areas and fields can have similar reflectances

in all the MSS bands. Fields, however, are far less likely to display

a signature which remains constant over the yeaxr. Figure 9 depicts an

example. Note that in the February image the forest has lost its
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FIGURE 8

- URBAN AREAS

TUNED DIAZO IMAGE
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FIGURE 9: SEASONAL CHANGE; IN FOREST SIGNATURE

OCTOBER 1973
LANDSAT 3 BAND COMPOSITE

FOREST CONTRAST LOW

S s oL 8 e

FEBRUARY 1974
LANDSAT 3 BAND COMPCSITE

FOREST CONTRAST HIGH
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similarity with Fields.
3 recommended )pz:oce‘dure far.integ::aﬁing these techniques is to first
- develop _a'standard composite of bands and colors such as Band 4 (yellow},
Band 5 {(magenta) and Band 7 (cyan). ‘'The analyst should then separate
all identifiable themés; ‘the resultant classification can then be confirmed
or adjustéd by sghsequent analysis of composites tuned to a particular
 theme from different seaSoﬁs.
5._4.2 Image P::oj.ection
Land use classifiﬁati.on to .Level 1-2 requires significant 'nﬁgnifiCEi—
tion c:f thé- 1:1,000,000 scale IANDSAT imagexy. This has p_revicusly
been a drawback of irisuai analysis hardware - devices which coﬁl& per—
mit enlargement to greater than about 10X have been very expensive.
"he cost can be greatly xe@uc:ed., howeaver, as exemplified by t.ﬁe imaging
systen developed for such analysis by ECOsystems. Experience with this
system has shown that magnifications of about 40X are convenient for
land cover analysis, since they permit the direct overlaying of 1:
1,000,000 LANDSAT images upon USGS 1:24,000 topographic maps. o
insure the céldr-—fastnéss of the images during analyses, color slides

showld be made from the diazo composite. 'The slides can be made to

include as large an.are-a._ais 'desired, but it is preferable to reproduce
the diazos at one-~to-one gcale. 7The area represented in a 35-millimeter,
L:1 from a 1:1,000,000 LAWDSAT image will be approximately 86,500 hec~

tares. TLarger watersheds can be analyzed in sections.
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equipped with a2 bellows.

The slides are made with a 35 millimeter single lens reflex camera

The diazo composite iz illuminated from behind

by a light source matched to the color temperature of the slide film

used. The photographs are taken with the camera mounted on a copy stand.

Once exposed, nearly all slide films can be developed "in~house" using

inexpensive chemistry. The time reguired from exposure to projector-

ready slide is less than two hours.

Finished slides are mounted in the imaging system and projected.

A= shown in Figure 10 , the analysis table is equipped with an overhead

mirror which reflects the image onto a work surface. The LANDSAT image

can thereby be superimposed over maps or aerial photographs. A zcom

control allows the scales of the projected image and ground truth to be
matched.
5.4.3 Watershed Delineation/Ground Truth Overlay

Analysis of hydrologic land cover begins with the demarcation of

the boundaries of the watershed. Except in regions of very high relief,

some ancillary information is generally reguired. This is readily available

in the form of USGS topographic maps. Stereo aerial photographs, where

available, can also be used. The watershed ridge line is first traced

on the map. The LAKDSAT image is projected over the map and aligned
using roads, rivers, lakes, or cther prominent features for reference.

A sheet of tracing paper is placed over both and the ridge line drawn
on it. The map is then removed.
5.4.4 BAnalysis of Ground Truth

there are a number of widely-availlable sources of ground truth

which can be valuable aids to the interpretation of satellite imagery.
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Aamong these are:
1) topographic maps {USGS)
2} soil surveys (SCS)

3) aerial photographs

Topographic maps, though often dated, contain some land cover
information. Specifically, forested areas, lakes, streams and urban
areas are called out. Soil Conservation Service maps are most valuable
to estimation of the subsurface characteristics of a watershed but also
show streams, roads, surface water. Many have the so0il classes drawn up-
on aerial photographs which may be used as ground truth if better ones
are not chtainable. Low altitude aerial photographs are the bast source

of ground truth, but are alsc the more expensive and least available.

What are the optimum uses of ground truth , and how would one proceed
to analyze land cover without it? In the absence of any ancillary data
whatsoever, it would be necessary to rely totally upon the radiometric
characteristics of the LANDSAT sensors. Even in this case, it is possible
for a great deal of land cover information to be culled out. Visible
themes such as rivers and lakes, some urban areas, and forests can be
identified by their shape and form., An interpretor with some knowledge
of the study area and of the spectral properties of land use themes
could add another lewvel of information. This, in effect, would be the
same as checking LANDSAT data against a training field. Familiarity
with the seasonal or phenologic progressions of vegetation is also

most valuable.

A competent intexrpreter can generally adequately classify hydrologic

land use to Level 1~-2 using only LANDSAT imagery. The existence of
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certain types of ground truth facilitates the process and should be

taken advantage of. Maps and photographs, even if outdated, can be used

to verify that an area classified as forest is, indeed, forest. If such

fact can be confirmed within the watershed, or even in a nearby location,

the results of these "testg" can be extended over the study area, e.g.
if a red-blue area in the LANDSAT image is determined to be forest,
areas of like color can also be clagsified as forest. The resultant

classification can be spot~checked where the presence of true forest
areas is known.

Prior to evaluation of the LANDSAT images, all available ground
truth should be collected. The data cobtained should be summed into a
base map for the basin. All surface features discernible from the
ground truth should be designated on the map. In the ideal case, ground
truth is sufficiently complete to designate z gross,even though mostly
outdated, land uwse map for the entire basin; the function of the LANDSAT
data, in this case, is to update the older information and to provide

the impartant seasonal information which it lacks.

5.4,5 Classlflcatlion of IANDSAT Thenes

The next step in surface cover analysis ig the actual classification
of themes from the diazo composite. The image has been projected on the
work surface and the watershed boundaries egtablished. The analyst must
then determine how many separable themes, or colors, exist within the scene.
Figure 11 exemplifies the process. The analyst should make a tracing of the
Once drawn, it is helpful to assign an ident

themes which are identifiable.

fier to each area delineated and identified; it is suggested that this be

accomplished through comparison with a set of standaxd color chips guch
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FIGURE 11

SEPERATION OF LAND USE THEMES

MUDDY BRANCH BASIN
LANDSAT
6 OCT, 73

B Soil.
Urban
[] Forest
[] Fields

[J Lakes

]
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as those used in aerial photographic interpretation. EFach separable
color is thereby given a unique label; this insures repeatability and

also facilitates validation by other intexpreters.

At this point the analyst has a map divided into color themes
hut has not as yvet identified what the colors represent. To do this, he
refers to the available ground truth; selects a test area from within
each color class; compares it to the maps or photos, and assigns the
area to a land use designation as in Figure 12. The resultant land use
map should be regarded as still tentative. The classifications are
subject to modification using composites of different éomposition, i.e.
different tuning, or From different seasons. ‘Generally, initial classifi-
cation reveals differences between the LANDSAT imagery and the ground
truth due to changes more recent than are reflected in the maps or

photos; these can be confirmed by reference to additional images.

The result of multiple-image classification will be a hydrologic

land use map suitable for the derivation of guantitative model parameters.

5,4.6 Quantification of Hydrologic Parameters

With the land use map in hand, the derivation of modelrparameters
can proceed as it would using any source of surface cover data. The
exact procedure will vary with the model used; the following paragraph
describes a generalized technigque used by several models - the computa-

tion of an average value of Manning's "n" for a suvbwatershed.

Planning models often require the division of watersheds into

hydiologically homogeneous sub-areas. The criteria for defining
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FIGURE 12: CLASSIFICATION OF LAND USE THEMES

LANDSAT
3 BAND COMPOSITE
OCTOBER 1973

A, B, and C Indicate Forest

D and E Indicate Fields

AERIAL COLOR ~ IR
DECEMBER 1973
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homogeneity include topography, soil characteristics, and surface cover.
Typically, maps of each are prepared and compared in overlay fashion.
The modeller then divides the watershed to give the optimum uniformity

among these three parameters‘ Figure 13 demonstrates the process.

Once the homogenecus sub_-rareas are established, an average set of
parameters is assigned to eacﬁ. With respect to surface cover, an
average surface friction factor, such as Manning's "n," is computed
for every sub-~area. Figure 14 shows how this is accoﬁplished from the
IANDSAT map as well as from aerial photography. ¥Pirst, the sub-areas

~are delineated on the land cover map. Then the percentage of -its area
covered by each use is computed using a calibrated grid, as shown, or a
planimeter. Finally, the percentages computed are compared to a table
of values for Mamning's "n" as reproduced in the figure. Their computed
welghted average becomes the average friction factor for the sub-area.
Parallel analyses of LANDSAT and aerial images, pez:fo'nﬁed during this

effort, yield nearly identical values for surface friction.

These values become direct inputs to planning models. The following
gsection demonstrates the application of the techniques described to an

actual watershed.
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GURE 13 DIVISION OF A WATERSHED INTO HYDROLOGICALLY HOMOGENEOQUS
SUB=-AREAS
[:] FIELDS, n
SUBBASIN AVG, "n" AYG. SLOPE AVG, INFIL. AVG. SOIL
M/M (range) com/hr MOISTURE CAP. cm.

A . 040 .050 2.5 - .25 1.5
B . 056 ,055 5.1 - .5 7.6
c .068 .055 .25 ~ .03 1+ 3
D . 056 075 1.3 = .05 Z2abD
E . OLL .080 1.3 - .0§ 2.5
F .038 .080 5.1 - ,5 7.6
G ,1038 .070 25 - ,03 1.3
H . 035 +110 1,3 - ,05 245
I .053 .105 1.3 - .05 2.5
J , 064 ,085 5,1 = .5 7.6
K . 035 . 080 25 - .03 1.3
L . Q45 +0585 1.3 - .05 2.5

- SE—
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FIGURE 14:
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ASSIGNMENT OF HYDROLOGIC PARAMETERS

LANDSAT COMPOLY &
OCTOBER 1973

AERIAL COLOR IR
DECEMBEP. 1973

% FORES'TS

n=.,1
ERIAL 67
LANTSAT 65

% URBAN % FIELDS AVERAGE
n= .01 n= ,03 n®
12 22 .075
11 24 073
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VI. DEVELOPMENT OF REMOTE SENSING MODEL AND APPLICATION TQ TEST
WATERSHED

6.1 Model Development

During the course of this project, several criteria for planning
models using remote sensing were developed. They include:
1) The model should consider all hydrolegic “"drivers,' i.e.,

the surface and sub-surface processes which significantly

affect the discharge peak rate and duxation.

2) It should take maximum advantage of presently feasible
remote gensing inputs (surface cover) and be amenable
to new ones (scils, soil moisture, ete.) as they are

developed.

3} & principal function of the study should be to demonsztrate .
to prospective users of IANDSAT data how remote sensing
technigues can be applled to the general class of planu
ning models with actual watershed data. '

A model has been deduced from standard practice and modified to a
form consistant with these criteria. It simulates the flow of rainm-
water over the surface of a watershed, subjects it to subsurface abstrac-
tion (using the Holtan infiltration formula); and routes the excess
through stream channels to the outlet. Surface cover, land use, soil
type, soil moisture content, basin and channel physiography and topo-

graphy are explicitly considered.

As presently configured, the model consists of an overland flow
and a channel f£low module. The overland component is based on the

conservation of rainfall volume:
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wherey

The volume of yunoff over time is defined by the Manning relation

for surface :Elcm; ]

vhare i

V=gt ~ I

¥ = overland flow volume, m3

; . 3
g = rain rate, m /sec;
I = total infiltration volume,_m3

t = rain duration, sscs,

B 2/3
o= E @

Q = surface runoff, ‘ma/sec
8 = slope, m/m -
n = Manning's surface fricticn coefficient
y = dspth of -éyerland_ flow, m '

The model operates in discrete time steps, computing a depth value
{yl for the beginning and end of__e&ch interval and uSiﬁg their average
to cslculate a dlscharge (g}, The Q values for all tinié steps cor;éti—

tute the overland flow hydrograph,

The channei :Elé& medule takes the overland hydrographs from hamogen—
eous subrareas of % watershed and routes them to the outlet.. Manning's
relationship is used to compute channel outflow., Figure 5 summarizes the
modells components; a logic flow® di'#gram and ‘a FORTRAN listing are in-

cluded in the Appendix, Table 5 1ists the input data required by the

model.

LY AP

LA T, ot a1 Aot A st e

e



g ——
SO
—emasngea

G-

FIGURE (S
REPRESENTATION OF ECOSYSTEMS MODEL COMPONENTS

RAINFALL

171
s

TEPLAND FLONV

CHANNEL FL(W
Inout -
, Lateral Hydrograph
JL 0 Input.

Subsurface 4 ok | + ~

3 . - = X Channel Routing Requlated!
Ebstractions s hy St Bed Friction; |
Commensurate / Slope ;Hydraulic Radius
with soil Type _

| and Mpisture Lateral Inputs Summed

Basin Hydrograph Produce” '

Excess Routes
mverland; Regulaced 4 Q
by Slope and Surface

Friction T
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Overland Flow
Hydrograph Produced
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TRBLE 5

SUMMARY OF ECOSYSTEMS' MCODEL INPUTS

OVERLAND FLOW PARAMETERS : CEANNEL, FLOW PARAMETERS

Channel length, meters
Channel slope, meters/meters

Unit strip length, meters

Unit strip slope, meters /meter
Channel Manning's "n"

Channel Hydraulic radius, meters

Unit strip Manning's "n"
Initial depth of flow, meters

SOIL. PARBMBETERS

Soil moisture capacity, meters/metex
Antecedent moisture content.weters/meter
Percolation rate, meters/sec.

Steady~state infiltration rate, meters/sec.

_ Q_V*EREAND FDDW INPU}_E_ CHANNEL FLOW INPUTS
Rainfall temporal profile . Unit strip Hydrograghs
Rain rate (m/sec) Discharge, m /sec
Time (secs) Time, secs

The parameters are input in the conversational mode, i.e,, the pro-
gram "asks" the modeller to enter each .one as reguired. The ocutput of

the overland flow module is printed in tabular form and there is an op~

tion to graph the data, A sample run is shown in Figure 16.

‘6.2 Application of the Model to Test Watersheds

Tests were run using LANDSAT data as inputs to verify the operation

of the medel for typical ungaged watersheds. The tests served two pur—

poses i
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To substantiate that the model iz capable of producing sat-
lsfactoxry results as compared to similar models of ungaged

watersheds. The watershed uzsed was gaged and these records

were used for comparison,

To demonstrate for prospective users of LANDSAT data that the
analysis technigques described in Section IV are applicable
in *hands~on" hydrologic modeling and provide sufficient im™

provement to warrant their use.

simulation test encompasses two phases: data collection and

reduction; and the actual model runs.

8.2.1 Data Collection and Reduction

The filrst step of this phase was the selection of z test watershed.

After study, the Bucklodge Branch basin, in Montgomery Cownty, Maryland,

was selected, fThe advantages of this site were:

1,

3,

4,

Sufficient rainfall and streamflow records were available to

validate the model's results.

(U]

The watershed contains several distinet land uses providing

good test of what can he distinguished from LANDSAT,

bherial photography ground truth existed to validate the re-~

sults of LANDSAT analysis.

The proximity of Bucklodge Branch permitted any moot points

to be resolved by field survey,

L A Lt e e b e b,
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Bucklodge Branch drains approximately twenty three square kilo=~

meters (9 square miles} of an urban/rural setting in Montgomery County,

Maryland, The overall stream length is 32 kilometers (20 mliles), The

predominant land uses arxe yrural and agricultural, including fields,

forests, bare soll, surface water, and a small urbanized area. These

land uses are typical of those of ungaded watershed whexe satellite

analysls will have the most value, Bucklodge Branch is monitored by

the Montgomery County Department of Environmental Protection and is

equipped with twe ralngages and a river stage recorder, Figure 17 is a

map of Bucklodge, showing the locations of the gaging sites,

The table contained in Section 6.1 listed the data which were re-

quired hefore the model could be run. Since the purpsse of this pro-

ject was te rely minimally upon non~satellite data, only data sources

readily and widely avallable were called upon, The solls parameters,

infiltration and percolation rates, were taken directly f£rom the Soil

Congervation Seryice survey of Montgomery County, Filgure 18 exempli-

fies the avallable s0lls data, Slopes and lengths were measured from

a U,5, Geologlcal Survey 1:124,000 scale topographic map. Iand cover

data was derived sclely from LANDSAT iinagexy, e resulting clagsi-

fication was verified by comparison with 1:130,000 colox infrared

aerial photography,

The LANDSAT imagery selected for evaluation was dated 6 Octobex 1973,
It was chosen for image quality and temporal proximity to the aerial pho-

tographs (December 1973}, Multi-spectral sensor bands 4 (0.5-0.6 ym),

5 (0,6<0,7 um] and 7 {0,8~1;1 um} were combined in a three-band diazo

Esonntin .
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BUCKLODGE BRANCH
WATERSHED
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FIGURE 18

G

EXERPT FROM S.C(S, SCOIL SURVEY OF MONTGOMERY CO., MD.

Depth Lo : .| DPepth from USBA
Map Soil seasanally | Depth to | Brief deseription of site and soil surfuce {toxtural
¢ymbol high water| bedrock (typical clnyg)
table profile)
Fret Feet ) N . Triches '
SmA Glenville silt Joom, 0 to 3 per-| 11t0 3 4 Moderately well drained sofls in Oto & | Siltloam._..
cent stopes, : denws and depressions and up-
GmB Glenville silt Joam, 3 to 8 per-§ 11403 44 land flats; developed in resicy- 51ic 28 | Silt loom....
cent slopes, ’ : - um sweathered from cerystalline )
GmB2 Glenville siit loam, 3to 8 per-| 11403 44 rocks; some colluvial surfsce 28 to 42+ Bilt losm. ..
eent stopes, moderately crod- , : material. Secepage spots fairly
ed. common. Fragipan in subsoll,
Gr Gullied Tnnd, Penn materinls. . * Gto2 | Vory severely eroded nrcns thab 0to 10 | Channoery sil
' ariginally were Penn silt lonm lonm.
or undetermined solls of {the 1118 )
Peun scrics; very shallow; in
many pinces bedrack is exposed.
HaA Huntington silt lorn, 0 to 3 per (2) Well-drained, deep soils on flood 0to 12 | Siltloam....
cent slopes, : plains; develgped in ailuyium 12 to GO4-| Silt lonm..-.
HaB2 Huntington silt lonm, 3 to & per- {2} dorived from limestonie., Infre-
Esuh slopes, moderately erod- quently flooded. |
Engineering classifiention { Poreentage passing— Selected characteristics significant {n engineering
. No. | No, | No. Raonge in Shrinke
Tnified AASHO | 200 )] 4 permesnbility Structure Reaction Dispersion swell
. . sieve | sleve | slave potentinl
Inches per kour : pH
Mlaareun A -] B3 90 o5 2,33t0 2.0 | Granulortosubangnlar § 4. 5to 5.5 | Moderate_..} Low.
Geky.
ML or CL..} A~dor A-6.] 70 a5 08 .06t0 2,0 Plgty and subangulur 4. 85tab5 0| Higheweueo. Low.
‘ ocky.
MEeneae ArBemmnnan 65 85 a0 . 20to 0. 63 | Subangular blocky..a.. 4.5t05.0 | Higheowuean Low.
MLor GM.| A-2or A4 35 50| 60 .20t0 2.0 | Subengular blocky.__..] 4.5t0c 5.0 | Highoee_.._ Low.
GMor QCL Ao 15 20 11 30 I ON (Fractured shale) e cfonranccncarafecmmccnomnmnln crana- - ——
MY A-d 80 100 1C0 .63t 2,0 | Gronularto platy__._. 0. 110 6.8 | Moderate....| Low.
MLorCL._| A-¢or A-G.] 90| 100 | 100 .20 fo 0. 63 | Blocky and subangular | 6. 1to 7.4 | Moderate...] Low to
blocky. moderate
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composite as described in Section 4. The color coding initially se-
lected was the same as that used by the Earth Resources Chservation
Systems Data Center, i.e., Band 4 positive ~ yellow, Band 5 positive -

magenta, and Band 7 positive ~ cyan. Figure 19 is an enlargement of
the composite,

The analysils proceeded by transferring the area of the 9" X 9"
diazo -—ontaining Bucklodge Branch onto color slide film, A 35mm camera
with a slide copying attachment was used; this guarantees the color-
fastness of the image to be analyzed., The slide was projected using
the Mark I ECOsystems Universal Image Analyzer at a 1:24,000 scale.

(41,7 X magnification},

The specific steps required to translate the colors to specific

land use and cover classes were descrlbed in Section Vv apd are sum-

marized in the following:

Step 1: Ioccation of Waterghed: The ridge line of the Bucklodge

Branch watershed was first demarked on the U.5.G.5. topographic
map. This outline defined the area to be elagsified, The ECO~
systems analyzer permits magniflcation of a projected lmage ta
predetermined scale, By adjusiting the projection distance, the
LANDSAT composite was enlarged to match the topo-map scale, The
image is reflected off an overhead mirror and superimposed on
the base map, &n exact superposition is attalned by adjusting
the zcom lens until alignment is achieved between lakes, roads
and/or other prominent unanbignous features in the scene. The

watershed iz thus bounded by the ridge line drawn on the map.

e L et o ARl 1 e e em et el et =LY St gt ot

ot s




FIGURE 19: LANDSAT DIAZO COMPOSITE, BUCKLODGE BRANCH
WATERSHED, 6 October 1973

ORIGINAL PAGE IS |
OF POOR QUALITY |
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b sheet of plain paper was placed over the topo map and the basin

boundary traced on it., The map was no longer needed and was re-

meved.,

Step 2: Prelimipaxy Land Use Classification: &An initial assess-

ment of how many separable themes exist within the basin was made
by visual interpretation. “Themes" in this sense actually refers
to a color in the LANDSAT composite. 'he interpreter determined
how many separable colors could be identified by reference to a

set of standard color chips as indicated in Section V.

Step 3 angflysis of Ground Truth: Aerial photographic ground

truth was used to test classification accuracy of the LANDSAT
imagexy., It was prepared in color slide format and proijected, in
fashion similar to the savellite composite, to-.a scale of 1:124,000,
The watershed ridge line wag marked off, In this case, however,
the interpreter identified individual land use classes rathex than
color. The resclution of the aerial photography was sufficient to
permit sepaxation to Levels 1~2 which is adequate detall for most
modeling applications, Five classes were separated = forests,

fields, agricultural (,fallow); surface water, and urban areas.

Step 41 Correlation of Compogite Color and Land Use Class: Exam-
————y - .

ination of selected test areas in the LANDSAT image with corres-
ponding points on the ground truth photograph yielded a correla-

tion matrlx of color and land usey
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COLOR LAND USE

Black Surface water

Blue /White Agricultural (Fallow)
Light Red Fields

Dark Red Forests

Red/Blue Urban

Step 51 Analysis of Classification Results: The area of each

class was measured with a calibrated grid overlay, The results

are summarized in Table 6.

TABLE 6

SUMMARY OF CLASSIFICATION RESULTS

- AREA, LANDSAT AREA, AERIAL RELATIVE
CLASS IMAGE (ha) PHOTO (ha) _ERFOR
Fields 1,479 1,510 -2%
Forests 767 738 +4%
Urban 10 9 +11%
Surface Water 7 8 -17%
Agricultural (Fallow) 87 85 +2%
TOTAL 2,350 2,350 2.7%

The classification results indicate a high overall accuracy. It
was observed that large (greater than 10%) relative errors resulted
only from classes with very small absolute areas (less than 1% of total
watershed area), In the case of urban areas, for example, the 9 hec~-

tare total area was distributed over six separate sites, none larger

than about three hectares. The total surface water area of 8 hec-
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tares was divided among nine individual lakes. Figurxe 20 indicates that
the relatlive exror is a monotenically decreasing function of area of

the class, as supported by theory. All points fail close to the theo~
retical line with the exception of agricultural (fallow) areas, which
displayed an errsr less than that expected, This furthex indicates
that, because of the radiometric characteristics of agriculture lands,
October is a good time te "look" for these, i.e., their contrast with -
surrounding areas is particularly high, This demonstrates the value

of multi=temporal imagery indicated in Secktion V.
£.2.2 Peak Event Modeling of Bucklodge Branch

A simulation for all of Bucklodge Branch was not attempted since .
the stream gage is not located at the outlet, Bucklodge Branch was
modeled down to the gage point in order that the results could be vefi«
fied, FPigure 21 is a reproduction of the U.S.G.S. 1:24,000 scale topo-
graphic map of this section, 7The heavy lines delineate important su‘b‘-‘
basing, The data collected earlier indicated that there were no dra-
matic variations in soils, topography, fiow length, ox surface cover

within any subbasin,

The model used approximates the natural basin subareas with rec-
tangular strips possessing averaged surface and subsurface character—
istlcs, TFor Bucklodge Branch, aach subbasin was replaced by two styips
representing the areas on either side of the main channel as shown - in
Figura 22. The area of each strip was set equnl to that of the subarea
it represents, Its length is assumed equal to the channel length.

This fixes the width, which is indicative of the overland flow length.

[ T T S

N gt SEn T

i

e o i s b ek xR o ARt 4 e et o . b,




FIGURE 20

LANDSAT v AERIAL INVENTORY ERROR - BUCKLODGE BRANCH
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FIGURE 21 BUCKLODGE BRANCH

MAJOR SUBBASINS
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Slopes and soil parameters are averaged over the area of the strip.

Table 7 summarizes the parameter assignment for each strip.

Figure 23 presents the hydrologic schematic for the surrogate
watershed. The modelling process now requires that rainfall from a
test event be input to each strip and the resultant runoffs routed
down the channels. Characteristic rainfall test event were selected
from amonyg records cbtained from the two rain gages in the watershed,
The rain and resultant runoff stage readings are reproduced in Fi=~
gure 24. Rainfall inputs applied to each strip were taken as a

weighted average of the two raingages.

Model runs for the particular rain event selected showed that no
overland flow was produced by thirteen of the twenty strips. Over-
land flow from the remaining seven were input to the routing module
and the outflow hydrograph was derived. Preliminary runs indicate
that overall basin response is heavily dependent upon the initial
soil moisture condition assumed; a reasonable level of initial soil
moisture was set, therefore, based on the analysis of rainfall for
14 days prior to the event., It should be noted that sensitivity to
antecedent moisture is an important common characteristic of planning
models: it may be a source of additional benefits from remote sen-

sing of soil moisture in the future,

Rasults of the overland and routing runs are shown in Figure 25.
The model exhibited a good approximation of actual discharge as com-
puted from the gage recoxds and rating curve., The results to date

are encouraging, Even more important from the standpoint of modeling,
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FIGURE 23

HYDROLOGIC SCHEMATIC - BUCKLODGE BRANCH
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BUCKLODGE ~ HIDROLOGIC DATA OF COMPONENT STRIPS

TABLE 7

No. STRIP IENGTH | WIDTH AREA SLOPE MANNIKG's MOISTURE PERC. FINAL INFILTRATION
{M) (M) ™) ot CAPACITY {(M/SEC) (M/SEC)
(M)
1 AIL 402.34 1626 6504.00 .040 .076 .038 . 00000134 . 000004445
2 ATR 27L.27 1192 323353.84 .060 .076 .036 .00000118 . 000004445
3 AR 463,29 1051 486917.79 .060 .044 - .037 . 00000105 . 000004445
4 AZT 509.02 847 431292.40 . 060 .031 .039 .000001129 . 000004445
5 BL 505,97 852 431086.4 .070 .045 .063 . 000001917 . 000004445
& BR 298,70 1207 360530.90 .080 .045 .036 -0D000105 . 000004445
7 CL 384.05 +1045 401332.25 . 080 .045 -035 . 00000184 . 000004445
8 CR 408.43 1237 505227.90 . 080 .057 .038 .0000011.29 . 000004445
9 DL 542.54 719 390086,26 .050 .056 .039 . 00000127 . 000004445
10 DR 304.80 793 241706, 4 .060 .037 . 060 .000001199 . 000004445
11 EL 353,57 841, 297661.70 060 .055 .058 .D00001129 .000004445
12 ER 323.09 518 167360.62 060 062 .066 .000001341 . 000004445
13 FL 548,64 955 523951, 2 . 060 .044 .052 .000001199 . 000004445
14 FR 201.70 443 89353.10 .090 . 045 .030 .000000847 . 000004445
15 GL 262.13 425 111405, 25 .130 .084 .070 .0000014110 . 000004445
16 GR 457,20 528 241401, 60 .120 .081 . 065 . 00000134 . 000004445
17 HL 286.51 986 282498, 86 .110 .0R4 .066 .00000134 . 000004445
18 HR 310.90 1100 341990.00 .070 .086 .048 . 00000118 - 000004445
19 1L 329.18 1230 404891, 4 .110 .075 .066 .00000134 . 000004445
20 IR 280.42 967 271166,14 .110 .097 .047 .00000134 . 000004445

TR b e 4 Ml B B 7 2 8 sk 8 B A3 15 41 8P

uLgn



1.8
1.7
1.6)
1.5.
1,4,
1,3/
1,24

1,14

1.0 —
0,9
0,84
0.7
0.51

0, 51
0,44

STAGE HEIGHT, FT,

kA A N L i P v e n Te e he e

FICURE 24: PBUCKLODGE BRANCH WATERSHED PRECIPITATION AND DISCHARGE :'..
GAGE BECORDS EVENT OF 15~17 JUNE 1876 :" 2.0
i L 1.5
, 1.0
STAGE HEIGHT
G-"'"-\ = 0-5
:f
(1
; $#20090 Raingage
LSl St B ol B 6 2T A I RS RATNFALL o : s
57 N so ot 000 S L LR R A AL IE AL A LR A KBS 1S AP Kar A DO BT Slidell Rd. Ralngagel 0
L i T W ¥ * T v T -t ! e - .
0800 Q800 0800 Q800 0800 0800 0B00
11 June 74 12 June 13 June 14 June 15 June 16 June 17 June
| : ‘ b ~

"BNT fTTIVANIW W00

—-89—



\a
L
]

.0 n
FIGURE 25
RAaINFALL/RUNOFF EVENT OF 12 ~ 17 JUNE 1974
BUCKLODGE BRANCH WATERSHED
3,04
~
g
Q
X
52.0 -
o
1od 4l [\
l' |
/' \ , N\ MODELED
| —p v Y ¥ . ~r L] R B T
15 25 38 45 55 65 75 BS 95 105
TIME, SECS X 1000
14

R gy g, S
Ak o A bk ke e e e 22

S b s e e b,

_69.—



sl

howevex, iz that the analysis techniques developed have been success-

fully related to actual hydrologic situations, This applicability

extends beyond the model developed in this effort, and should prove

valuable to a large class of modelers and users within the hydrslogic

community,

6.3 Implications of the Introduction of Remote Sensing Data into
Hydrologic Planning Model

1,

3.

Satellite remote sensing can yield assessments of hydrologic
land use sufficient for modeling purposes. The radiometric
and mitltitemporal properties of the imagery can facilitate
classification and provide new and additional information

with respect to seasonal and developmental changes,

This information will be of wvalue to a large section of hy-

drologic applications,

The assessment of soils and soil moisture conditiens is pre-
sently difficult for modellexrs due to its temporal variabil-
ity and the lack of records. Future inputs from remote sen-

sing in this area would be most valuable.

The technigques derived and the demonstration made hexrein
should function as aguide for the application of LANDSAT
data by hydrologic modellers to their models on basins of

concern to them.
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VII. WTRECHMOLOGY TRANSFER TC THE USER COMMUNITY

The preceding analysis has indicated the applicability of remote
sensing from LANDSAT to hydrolagy by confirming its adegquacy as a
source of surface cover information, The remaining problem was how
best to introduce these results to users, Though hydrologists are
generally Ffamillar with conventional (aerial) remote sensing, the
satellite data stream has not as yet seen wide use, This section will
describe the problems involved in the technological transfer and the
results achieved to date, and will present recommendations for future

efforts.

7,1 Description of the User Community

Results from a previous NASA-GSFC/ECOsystems effort, synthesized

following, characterized the hydrologic model users:

1, In the Unlted States, agencies and organizations concerned

with water resources number in excess of 6,000,

2, The principal contributor to research, development and imple-
mentation of water~resource models is the federal Government,
with over 80% of the budget, Most of the federal effort is

carried on by 11 federal agencies and thelr contractors,

3. In descending order of activity are state agencies (several
hundreds) , state water resources institutes (50), universi-
ties (70 principal), local govermments (in excess of 3,000), and

private contractors (approximately 3,000}.
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State water resource institutes and universities are pri-
marily funded by the federal government. Most private

contractors primarily support local Governments,

The eleven federal agencies which primarily "drive" hydrologic

efforts are)

Department of Commexce - National Oceanographic &

Atmospheric Administration

Department of Agriculture
‘&, Agricultural Research Sexvice
b. 8Soll Conservation Service

¢, Forest Service

Dapartment of the Interiox

8. Geologleal Survey

b, Bureau of Reclamation

¢, Fish and Wildlife Service

d, Bonneville Power Administration
Environmental Protection Agency

Department of Defense ~ Arxmy Corps of Engineers
Tennessee Valley Authority

The hydrologlc community is diverse in its membership and in
the models they use. Thexe exists, therefore, no single focus

at which satellite data analysis can be integrated into stan-

dazd practice,
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7, The diversity of users has recently been sexpandead with the
emargence of several federal water resources planning pro-
grams which tend to move some of the activity away from
federal groups and toward local and regional agencies,

This further agcentuates the need for using simple analysis
procedures and hardware that can be emploved within the con-
straints of local government budgets.
7.2 Impediments to Expanded Use of Remote Sensing in Hydrclogy and
Suggestions for Overcoming Them
In addition to the diffuse make~up of the user community, two other
problems are experienced in amplifying the use of LANDSAT data. There
exists in any reseaxch activity a natural applications delay between in-
vention and acceptance, New procedures must compete with evervday prac-
tice and must overcome an understandable inextla. In the case of
LANDSAYT data there exists a certaln skepticism not dissimilar to the one
encountered by any innovation. It iz increased by the limitation of re-
sources avallable to any one user, which makes him naturally hesitant to
attempt new techniques without a certainty of their resulits, Such skep-
ticism 1s healthy, however, and forces that the claims made for IANDSAT

be thoroughly tested and made relevant to the user,

A recommended strateqy for exposure of the new procedure, therefore,

iz not to represent LANDSAT as a panacea for all problems; rather, speci-

fle applications of interest to specific users should be "benchmarked."
Fox this reason, this effort d4id engage in a specific benchmark test,

as repoxrted in Sectlons V and VI of this report, The test and the pro-
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5 cedures developed and described herein can be repeated by any small or

medium user on his own watershed, and the accuracy and cost of results

~74r

thereby certified for his specific application.

7.3 Summary of User Contacts Made to Date

BEfforts made during this study to foster the expanded use of re-

mote sensing for hydrologic modeling encountered the impediments des-—

cribed above,

Nevertheless; signiflcant successes were alsoc encoun~

tered with overseas users, Principal among these werai

1, A hydrologic medeling effort, based essentially upon the de~

velopments accomplished under MASA sponsorship, was contracted

by the Region of Tuscany, Ttaly. f

The madel embraces a waterghed of approximately 90,000 Hee-

tares; with mixed urban, agrlcultural, forest, mountainous

contentg, The model must be able to:

a] Predict rmoff events in real time for matching supply

bl

c}

agalnst demand.

Proyide flood warning

Proyide accurate rmmoff pradictions for unusual events
{planning model) for the sizing of waterworks

Simulate the effect of changes in land use--reforesta-
tions, industrial paxks, urban expansion---~upon the

watershed!s hydrologic regime,

The effort additionally includes complete transfer of

modeling and remote sensing technology ta the customer. : .

-
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This effort proved that the technigue of planning models
developed herein could be extended to general hydrologic
modeling, The Tuscany model includes gquarterly updates of
the ground cover of the entire watershed from LANDSAT-de-
rived informatien,

n

The specification of a facility for the analysis of LANDSAT
data was contracted by the same customer. This includes vi-
sual and computerized data processing, employing their on-
premise 370/135 computer; and using the LANDSAT data derived
from the Telespazlo receiving station located near Rome,
Italy, The LANDSAT data are to be used for general land~use

information as well as fox hydrologic modeling.

An image-snalysis device, of the type described previously,
was acqulred by the University of Naples, Italy, for the
analysis of land use, water pollution and the inventory of

selected crops.

A land-use map of high precision, including hydrelogic pro—
parties, was contracted by the Region of Basilicata, Italy.
The technigues employed will be those developed under this

effort and reported herein.

The high interest of the foreign user community is attributed to

the relatiyely small numbexr of agencles working in hydrologlc modeling

and the concentration of these activities within regional governmental

nsers,
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The domestlc situatlon differs in that the level of the techno-
logy transfer effort required ls proportional to the number of users
involved, On the domestic scene, initial contacts have been made
to date with U!S.G.S,, Water Resources Divisien; USDA,; Agricultural
Research Service, and the Maryland Department of State Planning. As
previcusly discussed, cultlvation of interest with these and other

organizstions will be greatly alded by concise benchmark tests,
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APPENDIX A

STRIP HYDROGRAPH MODEL
FLOWCHART AND FORTRAN LISTING
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FIGURE AL

STRIP MODEL WITH SOIL MOISTURE ACCOUNTING

START

o INITIALIZE SOIL MOTSTURE PARAMETERS, H, Q,
SIOPE, N, LENGTH, TIME PARAMETERS

o READ RAIN RATES & INTERVALS & COMPUTE
TEMPORAL PROFILE

(E{:}*-' INCREMENT TIME COUNTER

i

IF TIME = LIMIT; GO TO PLOFTING ROUTINE

HAS WATER ACCU-
MULATED ON THE
SURFACE?

HAS THE RAIN
STOPEED?

IS SOIL MOISTURE
CEPACITY FILLED?

SYMBOLS :

= Depth of Flow

Rain Rate

= Infiltration Rate

Soil Hoisture Cap.

Computation Time
Interval

Discharge
Slope
Manning'’s N

Pinal Infiltration
rate

COMPUTE INFILTRATION RATE = 91'4 + If

COMPUTE WEW DEFTH OF FLOW (H) = K + (1.6 DL (R - Q@ ~ F)

IS NER DEPTH
>0

B P U S

N P




HAS THE
RAIN STOPPED?

15 S0LL
MOISTURE
CAPACITY
FILLED?

TIGURE Al (cont'd)

- TG

INFILTRATION RATE (F) = 0
DEPTH (H} = 0
DISCHARGE (Q} = ©

I

INFILTRATION RATE (F) = PERC. RATE

F>R, THENF = R

COMPUTE DEPTH (H) = 1.6 DL (R - F)

COMPUTE INFIL, RATE (F) = S~ 7 4 I,

IFF >R, THERN F = R
COMPUTE DEPTH (H) = 1.6 D1 (R - F)

L

IS NEW
DEPTH » 0

COMPUTE DISCHARGE (Q) =

JarH 1.67
N

DEPTH (H) = O
DISCHRARGE (Q) = O

R et A el et e 0 ot e
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?‘_IGURE Al (cont'd)

1S SOIL

TETIED YES INFIL. RATE = PERC. RATE
CAPACITY FILLED?

INFIL. RATE = 51‘4 + I
L
COMPUTE DEPTH (H) = (H + 1.6D. ( Q - F)

1S. NEW
DEPTH > 07 S °

+LJIES

1.67
COMPUTE DISCHARGE (Q) = ——@’—;‘—H—

—)

INFIL. RATE = PERC, RATE
COMPUTE DEPTH (H) = (H+ 1,6 D1 (R~ Q - F)

COMPUTE MOJSTURE GAINED OR LOST FOR
PRESENT TIME INTERVAL, (S DELT) =
(F-PERC) AND TOTAI CAPACITY REMAINING

1S NEW 18 .
DEPTH > 07 H>0 (S) = CAPACITY - INITIAL MOISTURE -
L 8 DELT
.67 IS PRINT-OUT IS
r- 1.6
COMPUTE DISCHARGE (Q) = —-S—;‘H—-— DESIRED AT K>J P .2
THIS TIME
INTERVAL?

WRITE H, 0, F, T, S, R

®

BT T —
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TABLE AT

FORTRAN LISTING OF STRIP HYDROGRAPE MODEL

SIEENRTH P32 .
: DIMENSTON Q€59311Rl533’: aﬁﬁinF{aﬂQ):ﬂLﬂ(tﬁﬁl;U(Zﬁ):V(cﬁ uF(ZS)vC?R(Eﬁ}
(23 8 FORBAT ('ENTER LENGTH(M)s SLOPE: HANNINGS KV
HE 2§ FORMAT (F7.2:2F3.4)
sLd 3@ FORMAT L'ENTER TIHE TEP IMCREMENT(SECS) AND HO. OF TIME STEPS')
(2@ 3¢ FORKAT {'EMTER TIHE SCALE STEP {SECSIN
.8 AOFIRHAT (F&.4 1T
& AT FORMAT UFENTER TOTAL TINE LINIT (SECSIMY
- &b FORHAT {34)
3 94 FAREAT (//747eE%:* TINEISELSY? (43X 7 DISCHARGE (HR/SECELIS &)1,
aL 35 FORBAT (£ 78, 16UF5. 2,500 F5.20)
157 285 FORHAT (SEF9. 230 P15 30 F IS8 50 F 5, 1 SN FIS L BLFLE, 1)
199 33 FORMAT (TENTER NUMBER OF RAIH IRCREMEHTS?)
zﬁﬁ of  FORMAT (13)
218 75 FOAMAT {TENTER RAIN RATE(H/SEC AND BURATIONISESS)H)
728 88 FORMAT U'TOTAL RUN TIHE WKUST BE ACCOUNTED FORN
36 78 FORMAT (FE.7¢F2.00
e 51 FORMAT (2FA.30ZFLLLDD
IE3 30 FORMAT (D&t 'e3%e71T) 12641
5 9% FOAMAT (J7/+38%: '+ INDICATES INFILTRATION':/«38%,'+ IMDHCATES DISCHARGE!«/.38¢,'# INDICATES RAINFALLY
L 181 FORMAT {YENHTER SOIL BOISTURE CAPACITYH)T ANTECEDENT MOISTJRE{M): PERCIR/SECHI FINAL INFIL.{H/SECI":
ird 14t FORMAT {3F%.7)
138 V30 TORMAT f A/ FX e ' TINEASECS) Fo 7Xy ' RATNCHI/SELT s 7h T INFIL, {RI/SEC) o 11X PHARE P 12K P FLORGHB/SECH B CAPL LY 1)
£ YRITE {168:18)
e READ (183s26) ALiSLoEH
1i¢ #RITE (188,38)
8 READ (185:46) Divd
8 HRITE 1188,43)
waa READ (183,461 NI
i 4RITE (188,58)
ihe READ (185,46} 41
iTh HRITE (148:181)
49 READ (165:91) CAP«ARL,PERC.F3
38 R{t)=g
i98 #RITE 1168:76}
L33 YRITE {1688,8%)
arg g O13E I=tydi
Tt AT RERD (U893 (I} eddl)
FX:) J2zgl+d
358 IS SR E N
24 il D =IBINTO -1 D+ - 10
578 B0 121 L=24J2
i5d Li = Wi~ + 8
48 Lz = KL
T80 08 121 Ki=Liwid
etz RIKD = WL-)
52 B = HEd2)
14 #=[DINT (NL/DSY
) E3= {5022, 37ER]
338 URITE (188131}

[ W,
- 1™
"

S48 d=d,

$78  SDELT:.

S s ORIGINAL PT?GD 1S
3 8(1) = CAP-PI 0RO

593 FIsF3RIE1T3L. QF PO

i o0 321 I=1N
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Aid
538
-0
458
A&
AT3
a8
4%8
4G%
18d
7.3
B
74
143
7ad
764
174
173
734
7948
R88
#ig
Azl
338
548
8549
348
279
184
283
378
984
yi8
$28
925
236
94§
95E
968
976
972
373
974
77
700
994
1818
1424
1538
1648
195
1540
igid
1688
1498
1188
114
1126
1136

o
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TABLE AL (cont'd)

K2k}
Tos hlE]
F (K LLE, B0 RO OTO 23
T (RU)LE. 9.} GOTO 238
250 1R ({1} L&, 8.} & 70 21
§e1r = S #39.57
FOP = (Sl 4+F )
POV = FiT}/i41732,
D) = §i0/39.97
Hebd (L AR (REEF- 02 - LI ARL ~F (TH) )
IF (W WL £.) GO TO 281
281 Qil) = FO#,I67#HER] 67
By 10 231
23 IF {R(D WLE. 8. 60 73 253
iF(8ID) (LE, 8.v GO 73 2§7
SO} =5tN3%.37

oo

I = 11871181 44F3))
SUEY = 5101/3%.57
Foll = F{DAIRLT3E,

PR FOI) BT, Aci FEEE o= RUDY
41,4201 (RET)-F LT
233 iF (& ,LE, 8.1 & T} 82
LI = FI&. 58T#H35L A7
G0 T 291
253 F(I) =8,
H'.‘g *
Gty =4,
G0 19 291
257 §il =4,
F(1) = PERC
IF (PO} L6T. RUIDY FUE = RADD
H=.02Bi# (R{T}-F(I))
G T 753
21 5L =,
F{i) = PERC
Bl (1, ARDERER D) -{QLL- 10 ZELT-F L)}
G0 77 253
281 w=4,
g1 =4,
291 SBELT = (F{1)-PERCI&D
IF (SBE_Y (LY. {5{I}-CAP)) QDELT = S{[)-TAP
S{1+1)=5(11-80ELT
FOSUHLAT 8 S(1+L)=0,
17 {5(i+1).67.CAP) S(i«11=CAP
IF (K LT J) 60 70 221
HRITE (168265 ToRIDGFIDN BRI 3LT)
H=4
321 CONTIHUE
DATA STAR BLANK DOTrS_OHPLUSIPND/T2Y 1 Tyt 1yt 10y 1t gl
37 FORMAT 2¥+F3.%:13% A1y 10001)
HRTTE (188 34)
36 FORHAT «7¢7/{ENTER HAYXIRUM DISCHARGE - XX.X{")
READ (i163.38) D
38 FORNAT (FLZ.18)
HRITE {148:39)
READ {i65:68) 12
I = 12/Dt
WRITE (168199
HRITE (198,94}
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Li4E
L15d
11468
12848
1214
1228
123¢
123%
1233
[yt
1258
1248
1278
1258
{239
1293
12928
1299
§3gd
1381
1384
1363
1348
13
1316
1328
1338
1348
1336
1342
1363
1383
1384
1383
1334
1387
1394
1458
141%
1428
1434
1444
1338
1448
1478

Hi=Dy1 84,
LH=3
CIR(OL = 6,
TIHE =8,
§2:=H1%1d,
D) 3L I=1,14
8y CTR(I+D) = 1302
KRITE (168,93} {CTRUIN:I=110)
00 368 J=1,194
26 LLNGS = BGT
00 309 I=18.190,18
309 LN} = SLSH
¥RITE (168,92} XN
0 S81 T=1%+Ms QX
Fide = TINE+IZ

L o= RS
RULF = R{DVEAL
G=3L5H

JE=IBINTOF (1) 2 8884) rill+.3)
iF (J& (EQ. @) G=PLUS |
J3 = EDINTCIRUE}+18E8B.1/H) + .3)
IF (43 E8. 9) C=PHD
d3 = IDINTUALT) #1680, 1711 +.5)
IF (3 (Ef. §) G=5TAR
Li=uli+t
IF (LK LER. § G0 T8 33
00 183 JK=1:158

183 YLN{JK) = BLANK

1#e B0 165 JK=18:198.19

185 XLN{JK} = SLSH
IF {Jb ER. @) GO TO 364
fLNLdB) = PLUS

o84 IF {J3 (EQ. 8) GO 70 388
ILHGIS) = PHD

968 IF {J8 .EQ. &) GO TO 518
ILRL48) = STAR

T 516 HRITE (18937) TINEG. KLY

60 70 S8l
315 D0 149 JK=1:164
189 FLN(JK) = 007
in=1¢
G0 T 194
L CONTINUE
S0P
ERD

- -

TABLE AL {cont'd)

ORIGINAL: PAGE I8
OF POOR QUALITY
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MULTISPECTRAL IMAGE ANALYZER

SYSTEM FEATURES

The system is designed to perform aclentific analysis of imagery:
in particular from Landsat and Alrcraft. It embodies in a single im~ -
plementation the features found in existing image~analysis equipment,
plus additional capahilities, 7he system is composed of an Image Pro-

jection and Control Unit which includes:

1) The Image Former

2} The Image Work Table Unit,

The system operates in two basic ncdes: al the Image Combin-
ation Modey b) the Image Compositing Mode.

In the Image Combination Mode, up to four black and white trans-
parencies of the same scene are inserted into the Image Former, The
four images are conbined optically and projected simultaneously onto
the Work Table az a single registered image, Various operaticns can ;
be performed independently on each of the {up to four) images: sel- ];
ectlive filtering (coloxr), fllckering, fade-in-fade~out, light inten- | :
sity dimming, The scale of the combined image can be magnified up to
100 times, allowing for example the superimposition of satellite imas-
gexy onto large~scale asrial photographs, topo maps and similar.

In the Image Compositing Mode, the black and white image repre= f
senting each band is first developed onto a monochromatic image, which ;
reproduces the original to a high fidelity of geometric registratlon, ‘

This can be done in any one of 9 color-hues. It is then possible to

operate in two modes:

LT ke b et s e,
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a) Inserting each monocolor transparency (up to four), repre~
senting a different hand, into the Image Former, superim-
posing and reglstering them, and proiecting the combina-
tion onto the Werk Trable,

b} Superimpozing by simple means (external to the system) two
or more asingle coloxr images, representing different bands
of the same scene, and constructing therefrom a single
multicolored image, This image can then be inserted in any
one of the four Image Former projectors and projected onto

the Work Table for analysis,

Hethod b) allows the user to construct his own color composites,
up to 220mm format, with the advantage that he can vary the density
and color of e;ch image to bring out the most desirable features. The
economic advantage is the wvery low cost of compositing, which alleows
ample leeway for experimentation and optimization, The quality is
fully comparsble with EROS~type products.

A speclal case of working with composite images is the use of al-
ready-prepared color transparencies such as those purchasable from the
ERCS Data Center.

The basic advantages of the system are the following:

It can preclsion-expand the images vp to 50:1, and up to 100:1
at lesser precision, thereby allowing superimposition of a wide

range of imagery scales of the same area.

It provides the analyst with a clear and large image on a con-
venient, solid work table, without forcing him to look through
lenses or optical devices, thereby providing the best match

between man and machine.

It provides rapld, smooth, remote and flexible capability for
registering images, changing colors, and applying various pho-
tointerpretation devices, allowing the analyst to use simul-
taneously all the tools avallable for maximal extraction of in-

formatlon from imagery.
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It combines into a single device the features of the two bhasie
eystems currently avallable on the market, i.e.1 1) the trans-
for type systems, which project an imadge onto a £flat surface,
allowing superimposition) and 2} the color-additive systems,
which combine various imzges of the same scene onto a single
image. Existing transfer systems within the same price range
do proiect single images, but do not combine multiple images:
existing color-additive systems combine dmages, but have 1i-
mited projection capability,

The system provides the added capability of reproducing high
guality, density~controlled, preclsion-registered color im-
ages from the orxiginal black and white, at very low cost (ap~
proximately $0,25 per copv), This capablility represents an

added degree of freedom in the radiometric domain.

The galient items of comparison between the systems arxe shown in
Table Bl.

An important consideration is the size of the image acceptable by
the system, Landsat and most aerial images fall prevalently into the
sizes of 70mm (54mm information size) and 9" X 9" or 225mmm (185mm in-
formation sizel., In the case of Landsat, both sizes contaln the same
informatlon: except that the Landsat pixel size is approximately 24
microns in the 70mm, 70 micron in the 220mm format. Since the eye's
resolution is of order 70 microns, the 70mm imagery must be expanded
5-10X and the 220mm imagexy 2-3X to reduce the contribution of the eye
 to wilthin acceptable limits,

The expansion can be accomplished either by microscopy or by pro-
jection, FExperience has shown that projection matches far better the
human analyzer's physdopsychological preference. ‘This is the first re~

gquirement for magnificaticn, The second requirement atems from the
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need to match the Landsat scale with commonly available ground truth
scales, This is where the high magnification is most important.
Experience has shown that very seldom does one need to work with
the entire Landsat Fframe (35,000 ng). The overwvhelming majority of
applications deal with detalled studies of areas of hundreds, at most
a few thousands of sz. The use of the entire Landsat frame is mostly
limited to sel;cting the smaller area to be studied. Hence, there
exists very little practical need, and significant added cost, to pro-
vide the capabhility to magnlfy 50 or 100X the large 220mm image., In-
stead, the Multispectral Analvzer System allows an eguivalent capa-
bility to the user: namely to copy the 220mun image in essentially
perfect rendition, and to cut therefrom the selected 70mm area (ze-

presenting 3,000 km21 for projection.

-
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TRECHNICAL, SPECLFICATIONS

IMAGE PROJECTTON AND. CONTROYL, UNIT

L e e e

Handles up to four image transparencies of format 70mm, si-

multanecusiy.,

Each of the four images can be spectrally filtered indepen-
dently, via insertion of any conbination of three guality
color filtexs (Wratten #25 Red, #47 Blue, #B Yellow, or
equivalent) per image, Open gate position also provided.
Filter insertion independently and remotely controlled on
all four images (maximum of thirty two different coloxr com-

binations),

Reglstration of all four lmages, or subsets therecf, by se—
parate, remotely controlled three-degree of fresedom adjust~-

ments: rotation, up~down {(Elevation), right-left (Azimuth}.

Caution: the capsahility to register the four images onto
each other depends upon the precision of manufacture of the
original imagery, For exampia, Landsat four-band imagexy

of the same scene is generally registered adequately, TLandsat
images of the same scene taken at different times {(multitem-
poral) are in some cases not exactly vegistered one with the
other, 1In this latter case, the aguipment permits selective

registration of any portion of the image under study.

Brightness of each of the four images vary independently

by means of remotely controlled rheostat type dimmers.

The hrighthess range ts continueous from zero to maximum il~
lumination, Tnis permits the maximum Separation of color un~

hampered by contrast/brightness effects.

variable flicker capability remotely controlled with full in-
terruption of light on all four images. Two flicker modes are
provided; manual remote and automatic remote, In the auto-

matic mede, the flicker continues automatically until turned
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off by the operator: the flicker fregquency is variable
remctely by the operator. In the manual mode, the opera-
tor selects one or more of the image=z: f£licker is pro-

vided by depressing a foot pedal. Typical useful flicker

frequencies empirically determined are of order 2 cps.
o Independent and remote focus on all four images.

o Overall scale expansion on all Four images, ratio up to
1:50 (1;1,000,000 scale imagery can be expanded to 1:20,000)

in precision mode, up to 100:1 maximum. The scale range is

set manually by translation of the image-forming equipment.
The fine adjustment is provided by a remote-controllied, ap-
proximately l:1.5, continuous scale expansion on all four
images.'

Manual fade-in fadewout control of the imawe by means of
geparate control which varies the illumination ratio be-
tween the imagery under study and the superimposed aerial
photography or map.

Capability to photograph the image projected onto the work
table. This is provided by means of a sturdy camera mount,

eazily attachable and detachable.

A vacuum system under on-off control by the operator can
assist in holding the tracing paper or maps firmly onto
the work table.

The control panel iz of the "remove-and-relocate" type.
1t is morable to several positions (e.g., on either side,

or one left one xight of the operator), to best comply

with the operator's preferences. Mechanical relocation

of the control panel is accomplished by means of pre-

axranged brackets and corresponding fasteners: electri-

cal connections are ielocated by means of multiple plugs.

Maximum dimension of image projected on work surface: ap-

proximately 60 x 50 centimeters.
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Precision quality color-corrected lens train (Buhl variable
foral length or equivalent) on each projecting system.
Registration accuracy better than 20 microns at image centex,
no worse than 40 micron at edges (Referenced to original
image) .

The capability to evaluate image errors and distortions is
provided by means of separately insertable optical reticle

bearing calibration patterns.

Ruggedized metal construction, Operating ambient temperature:
14°¢ to 27°%. Storage temparaturs: -40°¢ to +50°c. Shock
and Vibration: Izboratory environment. Aero or autotransportable

when packed in box supplied with eguipment.

Power input: 110 volt A.C., 50-60Hz, angle phase approximately
2,000 watts.

Fuzing: Reseattable power breakers.

The equipnent is designed for easy access for maintenance

and repair without the need of specialized tools.
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