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ABSTRACT

Satellite déta froh GOES and LANDSAT where evaluated as a
sourcé of information for hydroldgic distributed models applied tof
large watersheds. Three basins within the Llanos area of the Orinoco
River basin, Venezuela, Weré-selected as study areas.

The specific objectives of the.study Were: |

(1) To test-the applicability of meteoro1ogica1 saté1]fte

‘data for improving information on the temporé] and

of amount over large areas.
(2) To investfgate photographic and digital LANDSAT data as
~a source of 1and‘surface information for hydrologic
~ distributed models.
The satellite and ground data used in thié reseérch were:
(1) GOES WEFAX electrostatic fac$1m1]es,
(2) LANDSAT photographic and digital data,
(3) Reports and maps on soil studies by Desarrollo Industrial
| Agricola C.A (1958) and Comerma and Luque (1971).
‘ The analysis of the data was carr1ed out by visual analysis
“on the photographi¢ products of GOES and LANDSAT using regular photo-

' 1nterpretat1on techn1ques. GOES photograph1C'data allowed the analysis

| Follansbe's (1973) method for est1mat1ng precipitation us1ng satelllte

imagery was found potentially app11cab1e to ‘hydrologic distributed

S &

area} distribution of precipitation,as well as estimates ,

‘of temporal and areal distribution of prec1p1tat1on over large areas. -
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'Contrast stretched 1mage< and breakpoint enhancement, superv14ed and’

- models. Variations to the method are suggested.

The visual analysis of a single LANDSAT image allowed the

mapping of broad land-cover classes and some soil characteristics in

' the study area. Ana]ysis of the multidate imagery was found very use~

ful in dptect1ng seasonal and non-seasonal changes.

 Digital analysis of LANDSAT data was carried out on the

-Image 100 system at the Canada Centre for Remote Sens1ng in Ottawa.

unsuperv1sed c]ass1f1cat1ons were produced The results showed that
LANDSAT d1g1ta1 ana;ys1s either by unsupervised or superv1sed classifi-
catlon can be used for the extraction of land- use/]and -cover 1nformat1on

for app]wcat1on in hydrologic distributed models.

iii
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CHAPTER 1
INTRODUCTION

1.1 Statement of the Problem

In recent years the deve]opment and use of mathematical hydro- :
1091c models has 1ncreased greatly. Although there are many dlfferent :

types of models, they genera]]y require a large amount of information.

This 1nformau10n is obta1ned from c11mato]oa1c and hydxo1og1c records,

from maps and aerial photographs and from field work. Ragan and Jackson
. | .

(1975) pointed out that very 6ften most of the time is spent on the in-

'formation—gathérihg process,‘rather than on the ruhning of the model and

~ the interpretation of results.

-The data—gathefing process is obviously a great cha]]enge‘when |

large drainage basins are involved. In such areas basic hydrometeoro-

logical data are usually scarce to non-existent. In addition to the
size of the basins, seasonal variations in vegetation cover, surface

runoff, the area of surface water and soil moisture content provide

severe constraints on the use of conventional data sources such as

~aerial photography and topographic maps. There is usua]]y a lack of data."

w:th regard to geo]ogy, soils and vegetat1on types’ and cover. All these

factors cause d1ff1cu1t1es, not only for hydrologic response modelling,

but a]so for wauershed management.

\.

Remote sens1ng from spacecraft such as SMS-GOES and LANDSAT

o provides a posSIb]e_means.oflgatherlng part of the information rapidly,

i

) S
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~ the potéhtia1,benefit of remote sensing fdr large drainage basin studiés,

economically, tepetitively and with an acceptable accuracy. To maximize

the values and 1imitétions of this approach must be understood.

Vv

1.2 Objectives of the Study

The specific objectives of this reseafch are: ' - "

(1) To test the appTicabi]ity of meteoro]ogica] satellites
(SMS-GOES) for improving the‘information on the areal

. "distributidn of precipitation. The application of that

ihformatﬁon‘to detérministic~hydro1odic models will also
be considered.

(2) To evaluate the methods for esfimating the amount of
prec1p1tat1on from satellite data.

(3) To investigate photographic and d1g1ta1 LANDSAT data as

,'a source of land surface information. B '
(4) To study the possibilities of using informatfon from

satellite data as an input for_deterministic distributed

~
1

models.

1.3 Outline of the Project

In this chapter the statement of the problem and the objéctives

~ of the study have been presented. The following chapters are related to

an evaluation of remotely-sensed data as a source of information for

hydro]oglc mathemat1ca1 models.

Chapter 2 is devoted to a review of the 11terature on th1s sub-

Ject. In the_flrst part, the concept, purposes and the types of models



.

able to receive information from remote sensing are presented. In the

 second part, the fundamental principles involved in remote sensing of

‘physical properties of objects and media are discussed. This prqvides

a base for the direct and indirect'extraction of informaﬁion appiicable
to hydro]og%c models. In the third parf, comments are presented regard-
ing the 1iteratufe on remote sensing .. in watershed modelling.

The study area and the data used in this research are present-

ed in ChapterIB.

The eva]uatibn of GOES data as a source of information for

f

'precipitation inpUts (areé] distribution and estimates of amount) to

distributed models is presented in Chapter 4. )

In Chapter 5, the results of the evaluation of LANDSAT és a
source of information on drainage basfn characteristics (bhysiography,,
land use/land cover and_sqi]) is presented. The possibility of using

such information as an input to hydrologic deterministic distributed

- model is discussed. ‘ v —

In Chapter 6 thé conclusions of this research are pfesenfed.

~
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CHAPTER 2
- REMOTE SENSING APPLICATIONS IN HYDROLOGIC MODELS: A LITERATURE REVIEW.

2.1 Introduction.

This,review is divided into'thfee partg. First it is neces-
'sary to analyze the concept of hydrologic models, their purpose and |
which of them are CapabTe of recei?ing information extracted from remote-
iy-sensed data.. Second, how information applicab]e to hydroiogicAdeter-'
ministic models is gathered by means of'rémote-sehsing systems must be -
éonSidered. Finally ,one must éxamine the wdrk already carried out by
other authcrs dea]ing with remote-sensing app]icatiohs to hydrologic

mathematical models.

12.2 Hydrologic Mathematical Models.

- Based on a general definitioﬁ of mathematical models..given by
Weik (1969), a hydrologic mathematical modei'may be defined as a math-
ematica]rrepresentatidn-bf an hydrologic process, which allows mathemati;a]
manipu]ations of variables as a .means of determining how the process reacts
in different situations or_under.différent stimu]i

. 'Freeze'(1974) holds that a general form of a hydrologic model

can be expressed as:

yt= I(xt_lg Xt_z,...‘-.._.,,yt{_lyyt_z,.....alg.32....) + et(l)
“where: R - V '

X¢= represents’the‘input.at time t

4
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Y& corresponds to the output at time t

a = the system parameters

[ = defines ‘the model function |
‘s'=‘expresses the error or lack of fit of the model with
reaTity. | | J
R MathematicaTbmode1s in hydro]ogj have been in use since the

éarly sixties. A better understanding of various hydrologic process has

aided their development. Also of importance has been the availability

of digital computers that aliow the manipulation of large amounts of

hydrologic and meteorologic data at high speed.

At present, very little can be added by remote sensing to
stochastic and streamflow routiﬁg models. 1t is in the fea1m of the -
deterministic conceptual modé1slwhere remote sensing could have its most
valuable contribution -

In Table 2.1; a 1ist of some of the cbmmon]y‘used deterministic -
models 1is presented. It can be observed that the majdrity of these models
afg Tumped, and only é few of them are partialy or total]y_distributed.

The main difference between them is one of spatial or temporal averaging.
A ]umped‘mode1’is one in which the basin is considered as a single en-
tity and tne mode] parameters represent an average value for the entire

basin. In the distributed models,the basin is sub-divided into a finite

1 _ : _
( )_".If all variables in equation.(1l) are regarded as free from random

" variations, so that none js thought of as having a distribution in

- probability, then the model is regarded as deterministic"(Clarke,

1973, p. 3 )
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number of units. Calculations are carried out in each of these units,
surface characteristics and climatological ‘information being avarage

values.

Several authors have pointed out the problems of lumping.

Murray (1970) suggested that inaccuracies can be introduced into the

simulation by.1umﬁing input such as-precipitation in both space and time.
The samé'problem occurs when assigning an ayeraged infiltration rate <o
the whole basin. - |

Ereéze_(1969)\ho1ds that the purposes of hydroiogic response

models are; | - | .

(1) To synthesize past hydrologic events,

(2) To prédict future hydrologic évents and to evaluate, for
design purposés,~combinét10ns of:hydrdjogicvevents oc-
curring-rarely'in nature,

(3) To evaluate the effects'ofvartificial changes imposed by °
man on the hydrologic regime, and_ |

- (4) To prbvide a mean of research for'improying our understand-
ing of hydrology in generaT; and the runoff process'in
particular. | |

If the model is to be used in ana]jZing the influence of tem-

poral and spatial variatidnslof climatologic inputs,as'We]] as cﬁanges
in basin characteristics (1and use/land cover),a distributed approach
is the most appropriate to qse;-This is of particular importance in
urban..agricU]tural and forest hydrology. _ | A»
The hydfologic distributed models Qpérate- on a grid element

basis. Therefore the information (climatologic and land use/land cover



- . . . :
. .

inputs) has to be gathered at the same level. It can be appreciated
that the procedure is time-consuming, pafticu]ar]y'when'large.basins.
are involved. This situation will become.a problem if the information

does not exist in the correct format for the model. Up to now the most

'suitable approach is by digitizing thematic maps or interpretations from

photography.. It has been suggested that remote-sensing systems such as

SMS-GOES'and LANDSAT could be used as sources of data for distributed

climatologic inpits and drainage basin- characteristics.

v2.3 Remote Sensing of'Ianrmation for Mathematical Hydroloaic Models.

_ . | A classification ofﬁdata normai]y required for determinfstic
‘hydrologic models (Fleming, 1975) is.shown in Table 2.11. Information
for iydrologic models can.bg extracted by remote-sensing téchniques'in
three forms: | | |

(1) direct quélitatfvely,
(2) direct quantitatively, ‘and
(3) indirecf;or by correlation between ground measurements
and some properties of the remotely-sensed data
(Meyer and Welch, 1975).
In direct quantitativé‘measurements,fspatiq] resolution and
}radiometrié fidelity are the most important factors. In the latter

case, scene contrast affects the detectionland therefore direct measure-

ment.

The direct measurements involve the interaction between

e
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the eIecﬁromaQnetic radiation and the»objects. The change suffered by
the e1ectromagnetie radiation when it is reflected, emitted, absorbed
or transmitted by different objects are used_a5~a}source of information
to_ana!yze the properties of these objects. ”

The possibility of work1ng in d\fferenf spectral regions in
which each one of these elements has its unique or characteristic spec~
tral signature, allows their iEentificetion. By monitoring changes in -
the spectral response of water, soil, vegetation and clouds, seasonal
variaﬁioné, as w21l as changes in physicel properties of those elements
can be followed.

Several'remotemsensing systems are capable of gathering

information to be applied to distributed hydrological models. Conven-

tjonal aerial photography {panchromatic, black and white infrared, colour

and colour infrared) has been used for years and is considered the best
system available. Radar, as well as multispectral scanners on aircraft,
has been used to extract 1nformdt ion yotent1a11y useful for hydrologic'

models. However, Iwmxtat1ons imposed by the size of the bas1ns and

seasonai changeo reduce the applicability of these systems.

Based on Table 2.1II and cons1der1ng the actLa1 capabilities
of the spaceborne sensors {SMS- GOES and LANDSAT), it seems feas1b1e to
gather the following 1nformat1on for hydro!og1c models:
(1) Areal d1str1but1on and estlmates of amount of prec1p1tat10n.
(2) Land surface data 1nc1ud1ng land use/land cover and soil
character1s»1cs.

- Therefore in the fo]]ow1ng sections a review / of the T1terature

dea11ng with the use of meteoro1og1ca] sate]lites and LANDSAT, in obta1n-
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the earth's curvature affects the measurement. Information from satel-

7ites thus becomes suitable to help solve the problem of'precipitation

distribution over large areas.

| | Martin qnd Shererh(1973) pointed out that satellite borne sen-
sors do not see rain directly; neither do they respond selectively to
.raiﬁ and frozen drops ,as does radar. Spatial resolution has also been

meﬁtiohed as a limitation on the use of meteorological satellite data,'

since it does not permit the.exact location of the cleud in relation

to a geographibal.grid system. |

| ~ In spite of these constfaints,severai methods have been devel-
oped to estimaie rainfai] from satellite data. Precipitétion estimates
have been obtained by aﬁaiyzis of c]on characteristics such as type,
size and brightness,. (Conover, 1962;.Barret£,1967). Barrett (1970)
obtained a rainfall coefficient based on cloud cover and cloud type to
esimate monthly precipitation. Fo]]anebe 11973) improved Barrett's
appreach using sate]iite images insteed of clouds charts and developed
an eduetion for estimating daiiy rainfall. He only considered rain

~

producing clouds, however, such as cumulonimbus, nimbostratus and cumulus

- congestus. This will be dichSsed further in Chapter 4.

'Noodley and Sancho (1971) and Martin and Suomi {(1972) found
thatcioed'brightness‘correiates well with large radar echoes. .This is
based on the assemptioh that the brightest cloud masses on the satel-
lite.imageny will corﬁesppnd to the clouds with the greatest vertical
QeVeiopment. These c]oudé are the most likely ones to contain precipi-

tation areas. Woodley and Sencho (1971)'found~tha£ 87 % of the 372 radar

v echoes detected by the 10 cm. University of Miami's radar system fell
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~ within brightness spots. It was also found that 70 % of 124 bright spots .

were related to radar echoes. They emphazised that changes -.¢f the cloud

system with time  seem to affect the rainfall estimate when using the

brightness method.

There are still some limitations ,however,to the use of satel-

lite data in estimating precipitation. Martin and Sherer .(1973) hold

that for precipitation estimates of .24 hours or less over small areas,

it is necessary that the cloud seen in the imagery be representat1ve of

or dominant for the period. Changes in time lndeed affect estimates

from sate]]%te data, partiqu]ar1y.those made using the brightness

approach. It has been observed that the brightness approach tends to

Qnderestimate precipitation when cloud of low_brightness produces sig-

nificant rain, ‘and conversely,iﬁ overestimates precipitation when bright

clouds broduce ne\sfgnificant fain; | ‘
Martin and Sherer (1973) point out that most methods concentrate

on estimat1ng_convectjve rainfall. Therefore observat1ons are required

to isolate areas of convective activity from background cloudiness. It

§s also important to establish the effect of nonconvective rainfall on

the area under study.

Better rainfall estimates can prcbably be obtained with develop-

ments such as spaceborne sensors working'in the microwave region, as well

~-as, through improvements in ‘spatial resolution, navigational accuracy and

cont1nuous coverage.

2.3. 2 Drainage Basin Character1st1cs.

For modelling purposes and eCpec1a11y for distributed models,

drainage bas1n characterlstlcs are sub-d1v1ded 1nto two groups. First
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those defivéd from drainage basin physiographic characteristics includ-

ing:

1) River basin boundary,

2) River basin area,

3) Grid eiement, ' _

(4) Channel network (stream length, stream order),

(5) Topography (contour lines, elevation, average slope,
aspect of slope,etc.), and

(6) Flow paths and direction of the flow

The second group includes: S ‘

(1) Land use/land cover and
{2) Soil characteristics.

After: Gupta (1974)

Fleming (1975). holds that'parameters derived from drainage
basin characteristics are required in digital sfmu]ation because they
are used to define the retention and release characteristics of the
basin. He also mentioned that ;his information can be incorporated into
equations for ca]culating the rate at™ whfch water.moves‘from the ]and--
surface (F]eming, 1975). | |

, Measurements of Sasin physiographic characieristics are pos-
sible_dsihg most remote-sensing imaging systems. The feasibility of
6bserving and measuring thesevcharacteristiCS depehds on a composite
effect between the size of the feature and the resolving power of the
system., Up to now, the. type of information mentioned has horma1Ty been
extracted from maps and aeria] phqtography. . These.data sources .are
considered the best avai1ab1é." | |

‘Due to the characteristics of satellite borhe/sensors, it is

‘not possible to measure . parameters such as elevation, average slope

and contour lines, within the range of precisioh ‘required, although
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with future development it may be possible. However,Kesik (1973) and
Rango et al. (1975) found that LANDSAT imégery allows the detection and
measurement of certain characteristics. These characteristics are

drainage density, basin area, basin boundary and sﬁréam Tength. It has

been suggested that LANDSAT could be used to extract information equiv-

alent to that gathered from 1:1000,000 scale maps. In some cases, par-

ticularly in dissected terrain, information equivalent to 1:100,000
scale maps can be obtained. However, in areas with dense forest
the amount of information that can be extracted is diminished by the
masking effect of vegetation.

The second group, as wés mentioned before, is formed by
Tand Qse/]and cover and soil infdrmation. The use qf the term land
use or land cover dépends'on fhe conditions of the area to be studied.
In rural areas in which no use of the land is apparent,there is a
tendency‘to consider the information extracted as land cover,

| The amount of information required on land use/land cover will

depend on fhe model under consideration. In:his model, Gupfa (1974)
used a Veféfonbof a lénd—uselland—cover c]assification based on the

Canada Land Inventory. The classification is shown in Appendix A

In the model, the effects upon infiltration of each class ("A"parameter

in Holtan, 1971 equatidn) is considered by assigning to each one of them

a relative coefficient. For each grid element (5x5 km.) a weighted

" average coefficient is computed to account for the percentage of cover

of each class.

As can be seen, information on land use/land cover is required

in detail. Thus in the following sections a dichssibn-wi11 be presented
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on how remote sensing has been used to detect and measure vegetation;

 water and soil characteristics.

Vegetation: vegetation has an important role in the hydrologic
cycle. It controls protesSés such as evapotranspiration and infiltration.

Structure and density are the most important elements in describing

‘vegetation for application in hydroTogic models. Vegetation structure

refers to the'separation of the different vegetational strata, such as

tree, shrub, dwarf shfub and herb Tayers. Density may be defined as
the percentage of vegetative cover in re]ation to the soil background.
Flemfng (1975) proposed a’ general classification. for vegetatfon
types when zoning a drainage basin. They are:
(1) Heavy forest,
(2) Forested areas,
(3) Mixed forest and openland,
(4) Openland | '
a. Natura1 Qrass1and
b. Agric&]tural grass]and,vand
(5) Non vegetated areas (bare'surface).

The separation of these_c]asses is based on their differing

- effects upon the hydrologic processes already mentioned.

The effect of vegetation and changes in vegetation cover on

basin hydrologic résponse have been demostrated in the literature. These

changes can be classified as seasonal and non-seasonal. The seasonal

changesvarefexpressed by variations in vegetation density rather than

structural changes. Non-seasonal changes occur as a product of fire

16
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damage or human activity.

Both changes affect spectral response of the'Vegetat%on; The

influence of. maturation, water content variations and senescense on

spectral reflectance have been analyzed under laboratory conditions. A
véry extensive literature dealing with these aspects is covered in
Myers (. 1975 ). In the same pubiftation the principles involved in.
the detection of vegetation using remote sehsing systems are discussed. -

Several autho#s have demostrated %he possibi]ities of using
LANDSAT dafa, either visual or digital, in studying the seasonal vari-
ations of vegetation. Structural changes resulting from'f{re damages
have been detected and measured using LANDSAT data, as demonstrated by
ﬁeshler (1974) and Lauer and Kfumpe (1973). |

Detection and measurement of these changes can be performed
using.LANDSAT déta. Measurement can be made using any conventional
measuring device (planimefer or ruler, etc.) when using photocgraphic -
products.' More precise measdrements, however; can be obtained using
digital products. Areg measurements using the pixel counting tech-
nique have been found uéefu] in estimating, for exampie, vegetation
cover and fire extension.

Quantitativé estimates of spectral. reflectance can be:obtéihéd

using digital data allowing the monitoring of séasonal’variations.

Water: The LANDSAT repetitive coverage permits the monitoring

of seasonal variations in surface waters (lake, ponds }  This is an

- important fa;tdr, along with vegetatﬁon,'in producing better estimateéi

N

L
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of evapotranspiration. vThis is po<s1b1e due to the strong contrast
between water and dry surfaces in the 1nfrared (ref1ec*ed) spectral
region. Measurements of changes in the area of water bodles can be

made using LANDSAT data (Barker, 1975) if there are sufficiently large

. variations.

{

§gil: The distribution of water and soil moisture is control-
Ted by variatibns'in soil types and.precipitation. Fleming (1975)
pointed out that soil may be clessified from the h&dro}ogic.point of .
view by particle size, infi]tration characteristics and'profile type.
This informaticn is obtafhed'from soil survey reports and laboratory

tests.

Some studies have been carried out, however, to investigate.

- if remote sensing can be ueed in mapping soil types and in detecting -
some soil characteristics at the regional Tevel. It must be emphasized,

_however, that none of the available sensors is able to measure soil

properties down the ”omp1ete soil profi]e. The information that can be
directly gathered js réstricted to a thin layer of no more than 5 cm
on top of the soil (the part most affected by tempora1 changes). How—
ever, some soil characteristics can be_ inferred by analyzing soil spec-

tral reflectance,. colour, vegetation cover, 1and-use pattern, lands- -

- cape and -hydrolegic behaviour. Under laboratory conditions, as well as

- from remote—sensing systems,it has been observed that particle size,

texture,co1our,-organic matter and soil water content affect soil

spectral response.

In general it can be conc]uded that LANDSAT data either in

’
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its photographic or digital format, hés been successfu11y used in dif-
ferentiating surface elements such as vegetation, water and soils. The
repetitive coverage (18~day cycle), although not ideal when changes
occur in shorter periods of time'Yeg..fires), allows the analysis of
variations in spectral response of the elements as a product of seasonal

and non-seasonal chanaes. The resolution of LANDSAT permits quantitative

measurements using either visual or digital techniques.

2.4 Remote Sensing App1ications to Hydro]ogic Models.

' Some attempts have been made.on an expefimenta] and quasi-
operational basis, to use remote1y~sensed information as an input to
hydrological mathematical models. |

As already ment1oned in Section 2.3.1, Fo]]ancbeo (1973) im--

pro#ed Barrett's method for estimating 24 hour rainfall for large areas, -

using meteofologica] satellite imagery. The rainfalllestimates were
Qsed as inputs‘to hydroiogic models for simu1ating streamfiow. Appli-
cation of this method has been made in'several'tropical'countries,
b351ca1]y for flood forecast1ng.

Amorocho (1975) used a s1m11ar approach based on ATS-3 geo-
synchronus sate111te 1magery for estimating 24 hr. rainfall, in the
SinG River of Colombia. The estimate of precipitatiqn obtained for the
upper portion of the basin and the data recorded in the Tower part were
used as input to a 1umpéh conteptua] model. The model was used to

simulate discharge for engineering purposes (spillway design) and the

results were h1gh1y sat1sfactory.

w1th regard to non- meteorolog1ca1 sate111tes, the f1rst
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" attempt at using remote sensing as input was made by Ambaruch and

Simmons (1974) using LANDSAT data. This study was developed from

oriented to meet three main objectives: »

(1) To determ1ne the opt1ma1 values and perm1ss1b1e tolerances

of inputs to the model needed to achieve an arceptably
4 accurate simulation of streamflow for the watershed,

(2) To determine which model inputs can be qua]ified by remote
sensing, directly, indirectly or By.inference, and

(3) To evaluate the required accuracty of remotely-sensed
measurements to provide a basis for quantifying model
inputs w1th1n perm1ss1b1e tolerances.

The model used in this experiment was. the Stanford Watershed

Model Version IV developéd by Crawford and Linsley (1966). This is the
best known dnd most sidely‘used-Of all the deterministfc Tumped para-
metric models. |

They arrived at the following conc]usions:

(1) At preseﬁf remote sensing from space (LANDSAT) is
‘applicable to the determination of ﬁode] parameters
related to physiographic characteristics, land use[
land cover,7snow coverage;, yater and impervious area.

(2) At least eight perameters,used in the model eould be

| measured from LANDSAT_data. With. new improvements, .
bas1ca11y in 1nterpretatlon procedures. rather than

reso]ut1on, probably seven more new parameters can be

added.
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(3) ngmissfble'to]erances do not impose séver requirements

| on the resolution of the systém (LANDSAT),

Ambaruch and Simmonﬁ (1974).suggested that to improve modeiljng_

by means of remote éensing, further study is required in the following
_aspects: | |

(1) Soil surface and'sub-surfacé charactefistics,

(2) Remote measurements‘of temporal phendmena such as
-precfpitation,'air tghpérature, re1ativé humidity and
evaporation rate, | ' ‘ SR

(3) Remote obser?ation-of snow pack depth at several poinfs'_ L
to estimate Snow pack volume and water equivalent, and -

(4) Soi1 moisture mea;qreménts on daily basis within the
watershed.

After Ambaruch and Simmons several studies have been cérriedi

out mainly dealing with-tﬁe use of LANDSAT for extraéting Tand use/.

land cover information for hydrologic models. Ragan and Jackson (1975,

: generaté Tand use information requiked by a LANDSAT éompatib]e version

of the Soil Conservation Service (SCS) model. The results were consider}
ed as good és those obtained using high altitude aerial photography..
It can be notiéed,‘hoﬁever, that all. the applications have

been oriented towards mathematica] lumped models, applied to urban basins

of 1ess‘than 5,000.km2. ‘It is suggested that the time is now right

" to investigate the application of satellite-generated data to determi-

nistic distributed mode1s,for large and ungauged wateksheds.
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CHAPTER 3-

STUDY AREA AND DATA

3.1 Introduct1on

The objective of this chapter is first to descrlbe the environ-

«

mental characteristics of ~ the selected study area. -In the second part <

‘the platforms, remote sensing systems chosen and the data obtained are

described The third and last part is devoted to a discussion of the

-types of ground information used and the reasons for thelr se]ect1on.

3.2 Study Area

The area selected for this study is the Venezuelan Llanos?!.
This distinct physiographic region covers approximately 28 % of the

Orinoco River Basin (Figure 3.1). The Llanos are bounded by the Guayana

$h1e1d to the south and by the Andes and Coastal Ranges to the nortbwest

~

and north respectively. The southwestern 11m1t 1° the poiitical boundary

W1th Colombia, although the same physiographic unit continues into that

country where it is known as the L]anos Orientales (Eastern Llanos).
Fre1.e (1965) has stated that the Llanos in Venezuela can be i

d1v1ded 1nto four physiographic sub reglons, name]y

1 The term Llanos may be translated as gYassy'p1ains; It is a distinctive
type of environment encountered in various parts of the world.

22
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1. Llanos Occidentales of Barinas Portuguesa (wésternleanos) '
2. Llanos de Apure (Apure-Llanos)- | '
3. Llancs Centrales o de Calabozo (Central L}anoé)

4. Llanos Orientales o dé'Maturin (Eastern Lianos) -

The work reported in this study is concentrated in the Apure

. Llaros sub—region. This area is characterized by a general low relief,

-a]though there ‘are occasional areas of smooth and gently rolling hills,

as well as isolated hills. The latter occur .particularly along the

western margins of‘the Orinoco River. The study area occupies. the south-

ern protion of the Apure sedimentary basin (Figure 3.2). The surface

_material consists p?imar]y of unconsolidated Tertiary (Neogene)'and

Quaternary sediments; including recent alluvial deposits. The hi]ls are
composed of Precambrian rocks which are part of the Gugyana Shield.
Using the terminology applied in a Biophysical Land Classifi-

cation system (Lacate, 1969), three Land Districts® can be identified.

“within the Llanos Land Region. These three Land Districts will be named

Cinaruco H1gh P1a1ns, Capanaparo Sandy Plains and the Arauca -Apure Low—

Tands (F1g. 3.3). The1r 1imits are almost equivalent to the H1gh

‘Plain, Aeolic Plain and»Flood_P]ain areas designated by Comerma and

Ludue(1971)

" To 1nvest1gate the applicability of remotely-sensed information

~in hydro]og1c mode]11ng, three river basins were selected, namely: the

1 Land District is an area characterized by a distinctive pattern of '/
relief, geology, geomorphology and associated regional vegetation.
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Qal = QUATERNARY (Alluvium) P¢c, PEp = PRE-CAMBRIAN (Plutonics rocks)

.; 'fj::fj; TQ = TERTIARY = = PE€cn = PRE-CAMBRIAN (Gneiss, quarzitevand‘schist:)‘

" ¢
i

Source: Ministerio de Minas e Hidrocarburos
(1972)

Figure 3.2 Genera] Geologic Map of the Study Area.‘
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Cinéruco‘(9,900 kmz), Capanaparo (19,450 km?) and Matiyure (6,530 ki)

Basins (Figures 3.4, 3.5, 3.6 ). There are several feascns for their

selection: | : |

| | (1) The basins are represehtative of the different environ-
menfa] and hydrologic conditions encountered in the Llanos.
‘Each basin is located within a different Lénd District.

(2) The availability of remote sensing data.

(3) Hydrologic and meteorologic information are avéi]aple'for
the period when the remote-sensing data were recorded. :
(4) The avai]apility of background information on the geoTbgy,
vegetation and soil characteristics of the area. This

information can be used as an aid in the intérpretatfon of
the remote—sensing data.
' Information on precipitétion and_femperature for the area, as

well as other c]imato]ogical parameters, is scarce. This problem is

~ being solved,however,as the Venezuelan Government is now improving its

network of meteorological stations. So far, rain gauges héve been ins-
ta1led in several hew Tocations (Figure 37 ) but information on tem-
'perature,vradiation and evaporation are sti]]_]acking.

~ From the available data, it has been deduced that preéipitation
occurs in a very definite season from ]ate Apri] until IAte_September.
Some minor variations can be-‘observed, depending on the location of the

station. Precipitation increases towards the west and south (due to the

- effect of the Andes) and the south. Within the study area, maxima occur:

%n,the southérn sector (Carabobo and Puerto Paez) and minima in the

north-eastern sector (San Fernando and Corozo Pando), as shown in
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F1gures 3.8 and 3.9,

femperature data are available for only few ;tat1ons within

the study area. From'the_ana]ysis of the available data it can be

concluded that temperature‘variations over the year are very small,

averaging 2.5 °C; The daily variat%on is approximately 109C.

With regard to soils, the information for the,study area is
laTso.sparse. Some studies have been carried out at a reconnaissance
level, by Desarrollo Industrial Agricola C.A (DIACA C.A, 1958), Co-
merma and Luquel(1971) Shargel and Gonzalez (1973) and'Ministerio.de
Obras Pub11cas (1975) These soils studies are concenfrdted in the
northern port1on of the study area ma1n1y around San Fernando de Apure
and Bruzual-Mantecal sector. To meet the objectives of this research,

the works done by DIACA C.A (1958) and Comerima and Luqne(1971) were

_ selected as the ma1n sources of reference. There are two reascns for

this. First, the soils are mapped at 1: 500 000 which is a sca]e su1tab1e )
for comparison with LANDSAT data. Other reports show more detailed

information, but only for limited areas. Second,the vegetation ang

moisture conditions were used as elements in the classification.

Comerma and Luque (1971), identified four important Tandscapes

within the'Apure Llanos physiographic region. These are the’Piedmont,

the F]ood Plain, the Aeolic P1a1n and the High Plains. The soil- Studjes,

however, were only carr1ed out in the 1ast three regions. The 7th

approx1mat1on was the class1f~cat1on system used, and the results are

, presented in abbreviated form in Table 3.1 and Figure 3. 10

As far as vegetat1on is concerned Sarm1ento and Monasterio

~
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Fjgure 3.9 Monthly preqipitatipn for San Fernando and Corozo Pando stations.
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SOIL ORDERS AND SUBORDERS (7%% Approximation)
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Source: Ministerio de Agricultura y Cria (1974). - .

‘Figure 3.10 General soil map of the study area.
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(1969) found four different areas within the Venezuelan Llanos. These |

_areas were designated as:

(;) Tropical Deciduous Seasonal Forest,
(2) ngi-evergfeen Forest, |
'(3) Wet Savénna, and
(4) Dry Savanna.
" The approximaté extenf-of each 6f these areas is shown in
Figure'3.11 .- | | | |

Detailed studies of the vegetation communities in the study

~are do not exist. Analysis of the distribution of the dominant veget-

ations commuhities.(savannas ah@ forests) however, has been carried out
as supplementary information fpr the soil and gequrpho]ogica] studies -
by DIACA C.A (1958) and’ Comerma and Luque (1971). |

The presgnt study areé corresponds to the so called dry.'
savanna of Safmiento and Monasterio (1969).  Significant variations in
vegetation communities occur, however, wifhin this region. The variétions

are a result of different soil types and moisture conditions encountered

~

3.3 Remote-Sensing Data.

The remoteTyfsénsed data used in this research were obtained

from both the SMS-GOES and the LANDSAT satellites.

The SMS-GOES satellites are placed in a circular, geostationary’

or geosynchronous orbit over a fixéd point on the earth's equator. This

type of orbit allows the system on board the catellite to record data

on a continuous basis.
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Two sensor system are on board the SMS-GOES satellites. These
are the visible and Infrared Spin-scan Radiometer (VISSR) and the Space.

Environmental Monitor. (SEM) " The latter is used to provide measurements

- lof sun activity and thus will not be cons1dered in this research.

The VISSR sensor records data from the earth s surface from '

- west to east in eight v1s1b]e and LWO 1nfrared spectral channe1s A
- complete image of the earth's disc is reconstructed from nerth to south
'every 18.2 minutes. The maximum resolution is 0.7 km for the visible

bands (.55 to .70 pm).and 8.0 km for the 1nfrarcd 1mages (10.5 to 12 6 um).

The SMS-GOES satellites are able to relay information from

Data Collecting Platform (DCP's). The system is capable of handling
"a maximum of 10.000 DCP's. ‘

‘The imagery used in this research was obtained«from the National
Oceanographic‘and Atmosphefic Admiﬁistfationv(NOAA) of the United States
and from the Ontario Centre for Remote Sensing, Canada.

Two Earth Resources Technology Satellites (LANDSAT-1 and

LANDSAT-2) have been in operation since 1972. They were placed in a

| sunsynchronous orbit allowing the observation of the same point on the «

“earth's surface’every 18 days ., approximately at the same\locaT time.

" Three sensor systems are mounted in the spacecraft, the

Multispectral Scanner (MSS), the Return Beam Vidicon (RBY) and the

" Data Collecting System (DCS). The MSS and the RBV systems generate
. images of the earth S surface beneath the spacecraft The DCS relays
1nformat1on (eg. temperature, stream levels and wind velocity) from

- remote Data Collect1on P]atforms (DCP s). The two latter systems were

not used in th1s proaect and thus will not be cons1dered in it.



The Mqltispeqfra] Scénner Systems  (MSS) oscil]éting mirvor
continuously searchs information in a strip 185 km wide from directly
beneath the'sateilite. The reflected energy is recorded simultaneously
by six detecfors grouped in four spectral bands from 0.5 ym-to 1.1 wm.

The instanténeous field of view (1FOV) fér each detector is
a rectangﬁ]ar area at the earth's surface measuring 79 m on a side.

Every 9.95 usec the rectangular surface js sampled in the crosstirack

direction, coresponding to an equivalent ground motion of 56 m,

Each rectangle of approximately 79 x 56 m is calied a picture

.element or pixel. Approximate]y 3,200 of them are generated in each sweep.

The data is recorded continuously. As each image contains aroUnd Z,400

‘Jines, more than 7.5 x 106 pixels are thus generated for each spectraT

“band.

The reflected energy is focused onto a detector which measures

the amount of energy for each pixe]. In each band and for each pixel

the reflected energy is recorded as a numericai'ya1ue from 0 to 63. The

value 63 is equiva]ent.to the highest amount cf energy and 0 to the
lowest. For each pixéT fpur different Qa]ﬁes a%e reéorded corresponding
to each of the four spéctral bands.  Normally the set of four values is
called the spectral signature or intensity véctor for the pixel
(Howarth, 1976).- | N | | |

| The data can be either recorded or transmitted in real time. -
In the Venezuelan Ease,-the data are recorded and stored on the wide- |

band tape recorder carried on the satellite. Later on the data are

"transmitted}to any of the receiving stationé (U.S.A or'Brazf]), when

the satellite is within reception range. The datalméy be analyzed in:
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its.digital format or may bevtransformed into imagery covering 185 x
185 km. | |

The LANDSAT imagery and computer compatible tapes were avail-
able as a result of a cooperatiye proéramme estabiishedvin April, 1972
befweeh the'former Ministerio de Obras Pdblicas (now Ministerio de los

Recursos Naturales y del Ambiente), Direccidn de Cartograffa Nacional,

Venezuela, and the National Aeronautics and Space Administration (NASA)

of the United States. A
The imagery was proéésSed and supplied by the Departamehto

de Sensores Remotos, Direccifn de Cartograffa Nacional {Venezuela).

Colour cbmpositesvand computer compatible tapes were obtained from the

EROS Data Center, of the United States Geological Survey.

3.4 Ground Data

Ground 1nformat1on for the present study was obta1ned from
the pub11cat1ons by Desarro]]o Industrial Agricola €.A (DIACA) 1958
and Comerma and Lugue (1971). The purpose of their studies was to
peride information‘abdut'the méjors landforms, ﬁofi types and vegetation.
preSent'on the Llénos de Apure. The information.contained}on the maps
and fn the report was considered suitable for this researéh. “This a
information was selected, due to the impossibility of carrying out

detailed field work for this report. - -
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CHAPTER 4
APPLICATIONS OF GOES-1 DATA TO HYDROLOGIC DISTRIBUTED MODELS

4.1 Introduction.

- This chapter considérs the meteorologic satellite data (GOES-I)
as a source of distributed information on}precipitatioh,that can be
applied in ﬁydro]ogic models. The gvd]uation was carried ouﬁ to meét
two objecfive$§, | | | _

(1) To test the value of meteoroiogical satellite data in
analyzing the temporal and areail distribution of precipi- .
- tation, - -
, ' (2)' To select an adequate method for_estimating precipitation

~ from satellite data.

4.2 Analysis of GOES-1 Data.

 The material used in this research consisted of weather fac-

 similes (WEFAX) and photographic copies from GOES-1 satellite. The

WEFAX originals were reproduced from the archives of the Ontario Centre

for Remote Sensing using a 35 mm camera loaded with high contrast film.

- During the reproduction- process care was taken to maintain the same

illumination thereby avoiding data distortion.

The GOES_l data is available in two spectral bands; one visible -

"and one thermal infrared (Tab}e 4.1 ). Temperatdre enhancement of the f

infrared data is carried cut to aid the identifitétion‘of significant

a2




" TASLE 4.1
- ' FORMAT OF GOES-1 (75° 0°)
No ‘. Format - * Spectral Band Re»solution. - Availability .
1 Full Disc. Visible 3.7 km - At CODF and EDS
- WC-1 - -
2 uc-1 Visible C 3.7 km ~ Transmitted (WEFAX)
3 WB-1 Visible 1.9 km " At CDOF and EDS
4  Full Disc  Infrared C9.3km  Transmitted (WEFAX)
IR - |
5

uc-1 IR ~Infrared 9.3 km  Transmitted (WEFAX) -

~ After: Corbell et al. (1976)

- Eb
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- clouds and surface features (Figures 4.1 and 4.%. ). Further informa-

tion about these techniques and about the GOES system can be obtained

from Corbell et al. (1976).

4.2.1 Analysis of the Tempcral and Areal Distribution cf Précipitation
hased on Goes-1 Data.

Analysis was carried out using data from the WEFAX system.
Dde to résolutioh‘limitation of this system the analysis had to be.
carried out over the Apure L}ancs,as a whole. Using hard photographic-
copies or digital data.it shou]d_be poséible'to cbtain higher resolution .
for the study of smaller areas. | |

The imagery used in this research was recorded between June 1$tr
and July 15th‘1977, beforé the maximum activity of the Intertropical
Convergénre Zone (ITCZ) occurred over the study area. ’ |

The ITCZ! has been identified as the most important factor
contr01]1ng weather over trop1ca1 areas, its effects being primarly
reflected in rainfall activity. On an individual satellite image, the |
ITCZ exhibits a cdmp]fcated structure comprising several c]oud‘clustérsv
separated by clear skies (Holton et al., 1971).

| With‘regard to the study area, the passagé of- the ITCZ produces.

a notiteabie ihcrease in precipitation as seen in Figure 3.8 and 3.9. This
Occurs'formrAprif to November with a maximum around July. The months

of April, July and.November correspond to the advance, max mum activity.:

! The ITCZ is a narrow east-west band of heavy cumulonimbus convect1on
resulting from the contacf of the two trade w1nds. It produces heavy
precipitation. o
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and retreét of the ITCZ respectiVely. -The‘locatipn and degree of inten- -
sity of the ITCZ can be observed using the Fu1l1 Disc (Visible or IR)
imagery as shown in Figures 4,1 and 4. 2

GOES-1 sensors generate images every 30 minutes, as is shown
in the sequence recorded on June 10th 1977'(Tab1e 4. 11 and Fig. 4.3

This coverage allows the continuous monitoring of cloud activity on a '

given area. The size of the area, as well as-the cloud or clouds clusters

that can be detected, will depend on the resolution of the data used.

The maximum feso]ution of GOES-1 data is 1.9 km(WB-1 Sector) in the

visfb]e band and 9.3 km (UC-l, IR) for the thermal region in the_fype

of data used for the study area. ' '
Rain-producing clouds such as cumu]on1mbus, cumuius congestus

and nimbustratus are generally well developed in size and cover relative-

iy‘large areas, parficular]y in tropical areas. Tﬁerefore, their

detection is not difficult using high resolution satellite imagery.

4.2.2 Precipitation Estimates Using GOES-1 Data. .

The»area] Variabi]ity of precipitation is a major problem
When‘estimating average rainfall over large areas. The methods.avail—~
able (Arithmetic Mean Thiessen Polygons and Isohyeta]) are highly - |
dependent on rain gauge distribution. None of the above techn1ques
can be relied upon when dealing with large and poorly jnstrumented
basins, as is the case of the study areas (Figure 3.7 ).

However, the extensive coverage and the resolution of GOES-1

" data allows the location of cloud types. This allows the identification

of areas where precipitatidn is must 1ikely to occur. .Cata1ogues for
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TABLE 4.1I

GOES-1 IMAGERY RECORDED
ON JUNE 10, 1977

Date Format

© June 10, 1977 DC27N90W-1

DC27N69W-1
DC27N6YW-1
DC27N6OH-1
Full Disc IR
DC27N69H-1
DC27N69W-1
DC27N69W-1
DC27N69H-1

Time
GMT

10:30

12:30

13:00
16:30
17:00
18:060
16:00
19:30
20:01

Local
06:30 a.m
08:20 a.m
09:00 a.m

'12:30 p.m

01:00 p.m ..
02:00 p.m
03:00 p.m
02:30 p.m
04:01 p.m

~ Source: Ontario Centre of Remote Sensing (GOES-1 Archives)
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for identifying the different types of clouds have hbeen published
(e.g Conover, 1962).
Several methods have been developed to estimate precipitation

using meteorological satellite data. Follansbe (1973) developed a method
imagery. The method, although empirical, has been found useful and its
application has produced satisfactory results in seyera] areas of the

world, notably ih the United States (Central and South) and Zambia,

The 24 hr rainfall estimafe of the area is based on cloud

\

' identificationvfrom the satellite imagery. The following equation is

then app11ed
= KiCyt K2C2+ K Cs‘
100 ‘

Re

where: ,
" Re= 24-hr Variab]e estimate for the‘area,in inches
Cis Cz, and C3= are the percentages of the area covered by
| the rain-prcducing c]ouds:_cumulbnimbus,
nimbustratus and cumulus congestus.
‘Kl; K2, and Ks= are empirical coefficients for each of the
| | _'différent cloud types.
| SeveraT applications of the.method have shown that optimum
-values for the coefficients are: Ky =1.0, K, = 0.25 and K3 = 0;02.4

Therefore the final equat1on is:
1.0 C; + 0.25 C, + 0.02 Ca

Re =
- 100 .

The coefficients are calculated using the formula:

based on Barrett's approach for estimating 24 hr. rainfall from satellite
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(=R
c
~where: R = 1is the“average‘of the rain coTlecced by a11'gauges
in the area on a given day in hundreths of an inch.
C = is the percentage of cloud cover at the time the

image is recorded.

This methods assumes that the image selected (preferabiy one.
in the afterncon) fs repfesentative of the day. Also it can be observéd
that the maximum estimate of ﬁrecipitation thaf can be obtained by this
method is 25,4 mm (1 inch) for a 24-hr period if the selected image of
the area undef study disp1ays 100 %. cumulonimbus -cover. '

JUsing the continuous coverage of GOES-1, the risk of selecting
an anapprop1ate representat1ve 1mage can be av01ded Furthermore, it
has been found that in trop1ca1 areas large amounts of precipitation can
fall late in the evening or at n1gnt. ‘Thus estimates are unlikely to

be very accurate. The cloud activiy at night can be monitored using

the thermal infrared imagery, although the identification of small

individual c]duds is limited by the reso]ution‘of 9.3 km.

| It has also been found that in tropicai areas, particular1y
those affected by the ITCZ, estimates of precipitation from satellite
data are lower than observed Follansbe tested the method in the
Suriname river'basin_of Surinam (East of Veheiue]a) and found that

the coefficient for cumu]on1mbus (1 0) must be multiplied by 3 to -

' produce better est1mates dur1ng the rainy season.

o To be ab]e to app]y this method to hydro1oglc distributed

mode]s,'some mod1f1cat1ons are requ1red. These will be discussed 1n‘

the next section.
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4.3 Discussion.

" The method developed by Follansbe is to obtain estimates of

precipitation on a 24-hr period basis. This time interval, however,.
s not suited to most hydrologic models.
As.previously mentioned, GOES-1 sensors generate data every
30 minutes. It is suggested therefore that_the approach can be adapted.
tovestimate precipitation values over large areas for time intervals
of less than 24 hr, |
The time interva] most frequently used in hydrologic-models
.is 1 hr. For this time {nteryal the values of K are ohtained using the |
average rain (R) of all the stétions in the area for the.i_hr—period |
and the percentage of each type of cloud cover on the image taken at
the time of precipitation measurement. |
The use of GOES-1 data is limited by its resoluticn. For
" distributed models, the minimum area over Which rainfall estfﬁates can
be obtainéd using ‘the WB-1 Visible Sector format is of the order of .
1.9 x 1.9 km (3.61 kn2). |
o The_se]ectioh of the size of the unit element must be based
on the following factors: |
(1) The resolution of the satellite datéfas already mentionéd,
(2) The sizequ’the area to be studied,
(3) Thé amount of information required.
The time interval over which the calculations are carried out
'for each one of the unit elements is détermined.by:
(1) Time intervail of'data1écquisition by the satellite,.

"-(2) Timé interval of the hydrologic model.
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When the size of the unit element and the time fnterva1 have

“been selected the process is quite straightforward, and the steps to

follow are:
4(1)‘ Identification of the unit element in which c¢loud or
cloud clusters occurs (Fig.4.4 )

(2) Recognition of the different type of clouds. Estimate

pefcentage cf éover of each one of the types

(3) At unit element 1evé1 the weighted coefficient is

calculated and applied to estimate precipitation.

Uneven distribution of_rain gauges, discontinuous information
and delay in'dété distribuiion are problems thati have to be solved when -
studying large drainage basins. It can be concluded that GQES—l satel-
lite “daia can be used to partiaily o?ettome'these prcblems because of

its coniinuous coverage, spatial resolution and near-real time mode of

operation.
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Figure 4.4 GOES-1 image
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CHAPTER 5

EVALUATION CF LANDSAT DATA

5.1 Inuroductwon

The ongct1ve of -this chapter is to demonstrdtg the poss1b11-

ities of LANDSAT data, as a source of information in determining land

use/land cover and soil characteristics for hydrologic distributed

models. The data used was composed by black and white transparencies

of Band 5 and 7 and colour composites made from Bands 4,5 and 7. Also

‘qomputer compatible tapes (CCT's) were used in the evaluation.

Several LANDSAT images are required to cover thé study area, -

as shown in Figure 55_1 . “Because of this, a selection of representative

jmagery was required. Two images were selected and they are identified

| as A and B in Figure 5. 1 . In the selection cf the images care was

taken to include all the environmental conditions of the study area.
From thé'computer list,.fmagery was also selected to represent

the DRY and WET or RAINY seasons. This selection is of particu1ar in-

‘terest for the analysis of seascnal variations in vegetat*on cover,

surface water and surface soil moisture.

Only one CCT was available for this pfoject and that was
the image £-2029-14142'recorded on February 20, 1975 by LANDSAT-2. Part

'of the Matiyure River basin is covered by tnis tape.

The information was extracted from the appropr1ate data sources

using visual, optico-methanical and digital techniques. Instruments

55
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located at McMaster University,.the Ontario Centre for Remote Sensing

and the Canada Centre for Remcte Sensing, were used in this project.

5.2 Visual Ahalysis.

5.2.1 Introduction.

| Visual analysis Was carried out using imagery of the three :
baéins, namely Cinaruco, Capanaparo énd Matiyure. Howevef in this
section only the resuTts cbtained in thevCinaruco and Capanaparc basins
will be discussed. The results for the Matiyure basin will be consider-

ed in the section on d1g1ta1 analysis. .

To generate the photographic products “the . ref]ectance values -

~ in each band recorded for all the pixels in the range 0-63 are used to

generate islgkay tones, including b1a¢k and white. This process is

performed by an Electron Beam Recorder. The final product is a set of 

trasnparehcies}of approximately 1:3,3 mf]?ion scale on 70 mm film. From

“these, en]argeménts to 1:1,000,000 are prepared as a basic output of the

system. _
When the information is translated from the digital

form into the photographic'fdrm, a degradation of data occurs. Alfoldi

(1975) pointed out three reasons for this: (1) The consistency in the

photogfaphic process -is difficuit to maintain. (2) The radiometric
range and reso]ut1on is 1owered in the photograph1c product. (3) The

spatial resqlut1on is a1so degraded. It has been found, however, that

‘a great deal of information can be extracted by visual analysis of the

photographic product. A1foldi (1975) holds that the advantages of the



Photographic products are: (1) Less expensive than digital tapeé, (2)
Easy to handle ahd store; (3) Less vulnerable to damage, (4) The format
is familiar to greater number of peop]e, (5) The information contafned
in an 1mage is eas1ly extracted without any soph1s;1cated 1nstruments
and (6) The mach1nery to enhance the photographic data 1s more economi-.

cal and less dificult to operate.

Colour composites and black and white 1: 1,000,000 transpar-
encies were selected for the visual analysis. The selection of thxs
material was based on the fact that the photographic transparencies has -

better de.1n|t1on than: photograph1c paper.

The v1sua1 analysis of LANDSAT images of the Cinaruco and
Capanaparo river basins was carried out in two stages: '

(1) Analysis of single data image,

(2) Analysis of multidate imagery.

- 5.2.2 V1sua1 Analysis of S1ng]e Data Image.‘

From the group of images available for the area se]ected and
dont1f1cd as B in r1oure 5.1 one set of images was chosen to carry |
out the visual analysis. It-consisted of colour composite numbers
- E-1086- 14194 and £-1086- 14201'recorded on October 17, '1972. During
the 1nterpretaf1on process the b]ack and white 1:1,000, 000 transparencies:
~ of Bands 5 and 7 were used_to support the interpretation. As the ob-
jective of this research was to eva]uatevLANDSAT data as a primary
source of 1nformat1on no references were made dur]ng the ana]ys1s to -
"~ the ava11ab]e ground 1nformatlon. The results of the 1nterpretataon

however, were compared 1ater on with the work produced by DIACA C A (1958)
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and Comermaxand Lugue (1971)..

The first step was the identification of the image classes
bésed on normal photointerpretétfon procedures. The process was cérried
out usfng regular magnifying g1ésses {8X) and a Bauéh and- Lomb Zoom
240R Stereoscope and the Richards Light Table. From ﬁhis stage a map
shown in Figure 5.2 Was produced depicting.the classes occuring with-
in the two basins selected. | |

During this process six classes were found and they were
identified as follows: |

C]ass.l; This class includes biack and blue areas of smooth

texture, representing open standing water (lakes and pounds)

and rivers. The black and dark tones are mainiyrdue'td the
high absorbtion of ihfrared energy by water. To obtain better

discrimination of the water bodies, a check was made using B

Band 74(;8 to‘l.l um) in whiéh watef'has.its most characteriQ-

tic spectral response.

Class 2. Thi§ﬂspecfra11y distinct class has surfaces display-
very'lights,tones and smooth to medium texture. In sohe
cases this class has linear or irregular fcrms'corrésponding

to fossil sand dunes and sand fields.

C1assv3. Areas depicting pale blue tb1b1ue-browni§h tones and

medium textrue were delineated in this ciass. Thése areas

are bare ground (blue tones) and areas with very little |
o vegetation cover. Frequently théy represent éreas that have

previously been burned (b]ue-broWnish).



Figure 5.2 Visual interpretation of LANDSAT image, co]éur’composites E-1086-14194 and
£-1086-14201 recorded on October 17, 1972, : '

For description of the classes visually interpreted, refer to pages 59 and 61. &
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Class 4. Areas showing a brown-red tone and medium to coarse
texture. They represent areas with grass cover and occasional

"shrubs and small trees.

Class 5. This class includes areas with light to dark red
tones and medium to coarse texture. Such areas correspdnd
to dense vegetation mainjy aiong the rivers (galle vy forest)

and smdll areas on the Plains.

Class 6. This class was represented in the images by dark

tones but with a medium texture indicating burned areas.

A1l six classes can be ébﬁsidered as,fairly_homogeneoué, al-
though a more careful analysis shows that there are several transitional
c]ésses and sﬁb-classes within those a]ready idehtified. WT{h the
limitations imposed by the size of the area that cén be cdrtographicalTy'
displayed { 4mn? ), no.attempt was made tc separate.or map them. It
must be emphésized héwever that enlargements gt 1:500,000 and 1:25C,000
scale may be used as én image base for more detailed mappiné.

The informaticn that can be gathered about soil characteristics .
from LANDSAT visual analysfé cén Qn]y be inferred from landforms, vegeta-

tion cover and spectral reflectance characteristics. In Figure 5.3 the

‘map produced is pkesented, and can be compared with Figure 5.4, in which

the information from DIACA C.A (1958) and Comerma and Luque (1971) were -

- integrated.  The visual interpretation of the images of Cinaruco and Capa-

naparo basins was performed in 16 hours.

The results of the v1$ua] analysis partlcu]arry in lano use/

land ‘cover suggest that dlg1ta1 ana1y51s can perhaps provide more deta11-



. Gentle rolling terrain with sandy sofls,

Gentle rolling terrain with sparce sand dunes, '

Gentle rolling terrain with sparce sand dunes and wide ”bajfos .
Gentle rolling terrain with numerous narrow "bajfos® and sand dunes,

. Flat terrain with “bajios“. poor drainage and sand dunes.
~Flood plain.

VU B LIPS e
N .

Saturated soiis ¢n wet seasons,

and E-1085-14201 recorded on October 17, 1972.
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F1gure 5.3 Soxls 1nterpreta»1on using LANDSAT colour comnosites E- 1086 14194
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ed information.

5.2.3 lLandsat Temporal Analysis.

The objective of this part of the research was to evaluate

multidate LANDSAT data for monitering environmental changes. Emphasis

was given particularly to: (1) Vegetation cover (seasonal changes and
effect of fire), (2) Surface water, and (3) Soil moisture variations

(upper zone ). To carry out this evaluation two images of the Capa—

- paparo and Cinaruco river basins representing DRY and WET conditions

were selected.

Two approaches were used to test the LANDSAT data: (1) Regular
visual analysis following the technique already discussed in.seétion

5.2.1 and (2) Density slicing.

Visual Analysis

In the previous sethon.the resd]f of the visual ana}ysis
performed with the images of October 17, 1972 was presented. The
imagery used in that case vas recorded two months after the peak of
the rainy season. ThEvimagery dsed in this section was recorded on

March 10 , 1973 (peak of the dry season). Unfortunate]y no image was

ava1lab1e for the southern portion of the area.

In F1gure 5.5 the map produced from the interpretation is

presented. - From a compar1son of the two visual analyses, several

conc1us1ons can be drawn
(1) An 1ncrease of bare surface is apparent on the image

recorded on March 10 . This is due_to a decrease in
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Ta entle rolling terrain. fancy stils. : Iml and Lm2: Gentle rolling terrain vith sand dunes. Areas

i

ra2: Certle rolling terrain. Sand: scils with latherite. designated au Iml have wide "bajios", ard
L2 narrow ones. ‘

Lbl and Lk2: Flat terrain with "bzjics” and poor drainage.
V5: Flood plain.. . Scale 1:7,000,000

b3 and Ibd: Flat and gentle rollirg terrain with "bajios”
and "esteros",as well as small areas of sand _ . .
Source DIACA (1958)

dunes.

Figure 5.4 Soil map of the study area
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Figure 5.5 VisuaI,interpretation of image taken on March 10, 1973.

For'description of the classes visually interpreted, refer to pages 59 and 61.
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vegetation cover that in turn results in a decrease of

>§pectra1 reflectance, particularly in the.infrared spec- '

tral region (diminishing the red shade in the colcur

composite). Although, some sectors are still showing

(2)

vegetation response, this is mainly along the rivers .
were the water supply is more stable even during the

DRY season.

Changes in the area of surface water are easily observed. -

- The contrast between the DRY and WET seasons is particu-

Tarly important on the Capanaparo basin. The basin has

" a large area covered by sand dunes and sand fields. One

might think that this area will have no water stored at-
the surface due to the high infiltraticn characteristic
of sandy soils. It was found by Comerma and Luque (1971),

however that very heavy soils were developed in between

~ these sand dunes. This allows the storage of water for

" fairly long periods of time (3 months).

In the image recorded on March 10, 1973 (maxima of
 DRY'season) none of the water bodies observed on October
17, 1972 can be seen. ‘However, .scme depresed areas_whiéh.--
were occupied by water oh October 1972 showed toné] charac-
teristics (browinish -red shade in thekcolour compesite)
of vegetation aﬁ-can be observéd at locations A and B |
 in Figure 5.6 . The'occurrence-of vegetation in those

areas and no in others can only be exp1ainéd by the

existence of some moisture in the soil, condition no
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apparent in tﬁe sorroundingjareas.

(3) Due to thé characteristic spectral response (low
reflectance), séturated soils can be easily observed
‘using LANDSAT Band 7 (.8 to 1.1 um). Soil moisture,
regional as well as seasonal variations can be monitored

on the study area because the vegetation is not dense.
In most of_the'cases vegetation reflects the changes in

soil moisture.

Density Slicing.

Visual analysis is based on spectral and spatial information.

In some cases, however, the d1fferent1at1on between classes is d1ff1cu1t,u

particularly if the1r tonal characteristics - are very similar. A density

slicer is used for studying den51ty“var1at1ons in a single image. The

instrument separates different gray levels and assigns to them different‘

colours. Therefore tone jdentification is changed 'to hue discrimina-
tipn (ATfS]di,vl975). It.is important to emphasize that the meaning or
environmenta] signifiéance of each one of_the asSigned colours haé to
be estab]1shed by the interpreter.

Prob]ems were encountered durung the dens1ty s]1c1ﬂg process,
being the 1nconswstenc1es in the quality of the photograph1c products |
the major one. Desp1te this limitat 1on some attempts were made and
good resu]ts were obtained when the_features 1dent1f}ed were spectraly

distinct from their background, 1ike,water and sand. Thé'result of one

case study is presented in Figures 5. 7and 5.8 . This materiaT was -

obtained thrbugh the density siicer at the Canada Centre for Remote
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.

Color display of October 17, 1572 image.

Blue, light blue =nd green: sand dunes and sand fields.

Light brown: grass and shrubs. , ' .

Yellow: ta!l shrubs, dense vegetation (gallery forest) and wet soils.
Red: Water and saturated soils. ' o

Figure 5.8 Dansity slicing of LANDSAT image : Cese B

. . . .
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Sensing. -

5.3 ngjta1 Analysis of Landsat Data. | |

| A computer compatible tape of imagevE-2029—14142 recorded on
February'ZO'; 1975 by LANDSAT-2 was Qsed in the digitai analysis. The.
amount of information stored in each one of the LANDSAT scenes is 7.5 x.
106 four dimensicnal vectors. If the information required has to be

obtained at the 1imits of resolution, it can only be extracted using

- - digital systems.

Due to the size 6f the area tb be analyzed, it was decided to -
select test areas. ATheée were identified as MAT-1, MAT-2, MAT-3 and
MAT-4, named after the study area (Figure 5.9 ); A1l the areas cover-
ed 512x512 pixels ( 40 x 28Km). The cldssification‘brocedures vere |
applied to MAT-1 toﬁgénerate the signatures files, which were later

extended to the rest of the areas and finaly applied to the whole scene.

5.3.1 Systems for Analyzing Landsat Nigital Data.

For'processing and extracting information from LANDSAT digital

‘data, several systems have been déve]oped. The General Electric Image

100 and the Bendix MAD systems are the most widely used. -
The characteristics of the Image 100 system at the Canada
Centre for Remote Sensihg (CCRS) and used in this research are given’
in Table 5. I and Figure 5.10. |
' After the tapes are.Toadedvon the Image 100, the data can

be storéd in 512x512 pixels sections in the refresh memory (Alfoldi,

1975). - Up to three of four bands can be dﬁsp]ayed at one time, to
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TABLE 5.1

IMAGE 100 CHARACTERISTICS

PDP 11/40 within the.systeh
Assigned

Two tapes drives, and the wemory to feed the
image into the CRYT.

“Colour T.V. Screen (CRT). Eight themes (8).

Cursor with varied size and shape.

 Two units:i.DigitaT,procesSing'logic unit used:

to select several functions to car-
ried cut the analvsis of the data.
2.Tektronix display unit, is used in -
selecting programmes to operate the
- system. Also displays statistical
results. = - - o

1. Copies of the Tektronix products.

2. Gould Printer (scaled or unscaled)
3. Tapes to be processed via EBIR.

- 4, CRT display. _

based on Howarth_(1976)"
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Figure 5.10

Source: Goodenqugh (1976) p. 19

IMAGE 100 System.
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1

produca2 coiour composites. Tne.four channels can also be'disp1ayed one
by orne in black and white on the Cathode Ray Tube (CRT).

The system is capable of -performing several enhancement
(pre«prdcessing)»sucn as ratioing, nermaiization, spectral transformation
such as principal components and contrast stretching. None of these ..
techniques is consideredvé c]éssification procedure, é]though they can
be of great heip during the'classification process. 'Outputs of these
procedures can be obtained»thrqugh any of the output units (Gnqu print,
Line printer and CRT). |

One of the previoué]y mentioned technique called breakpoint
was used to make subtle tonal differénces-in the criginal scene more
obvious. This method was applied to Band 7 to differentiate burned
areas. The resu]t of the enhancement is shown in Figure 5. 11 . By, '
using this technique three conditions within the burned areas were
detected. In Figure 5.11 fhe three areas delineated correspond to:

(1) Recent burned areas (note the smoke p]ume),

(2) Burned areas with vegetation rogrowth -

(3) 01d burhed areas

In Figure .12 and 5.13 two colour composites are shown one using

the regular bands and the second one composed of the regular Bands 7
plus Bands 4 and .5 enhanced (contrast stretch1ng). In the second

cblourvcomposite,vit can be observed that the tonal (spectral) dif-

ferences resulting from vegetation are greatly enhanced (Fig; 5.13)

5 3. 2 Digital Analys1s Procedures.

These are two procedures for ana]yz1ng LANDSAT d1g1ta1 data
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Figure 5.11

~4
13

Breakpoint enhancement technique: Gould Printer cutput

(1) Recent burn

(2) Burned areas with vegetation regrowth

(3) 01d burned areas



‘Figure 5.12

" Colour composite of Bands 4,5 and 7
disp]ayed on the CRT of the IMAGE 100

6
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" namely, unsupervised and supervised classification.

Unsupervised Classification

The unsupervised classification is carried out on the system
by establishing statisticaly valid clusters. A colour is assignéd to
each one of the clusters and_they are displayed on the CRT. The mean-

ing cor environmental significance of the individual clacses must be

' estab]ished'by the interpreter. Several algorithms can be used to

perform the unsupervised classification, the Migrating Means and the
4-D Histoéram being the most commonly used procedures. '

| The a1gorithm used to carry out the unsupervised classification
was the Migrating Means. It was applied pnly to the test areavdesig-
nated és MAT-1. The reshTt of the unSupervised classification is shown |
'in Figure 5,14 |

The classes obtained in the unsupervised classification were:

~ Class 1: vegetation, bésical]y gallery forest.
Class 2: vegetation, mainly shrubs.
Class 3: area showing régrbwth of Qegetatfon )
- Class 4: burned areés showing very little vegetaﬁion regrow.
- Class 5: Eecentbburn | | o | |
Class 6: grasses 1
Class 7: sandy soils
Class 8: grasses 2

The final unsupervised classification for.the_test area .

. MAT-1 was fiTtereg using a Nearest Neighbour.Angrithm. This algorithm

. ig'déed.to"e!iminate the isolated pixels giving a "cleaner" appearence -

~ ¢
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to the final classified scene (Goldberg, 1975). In the present case’
a 3x3 strong‘filter was used and the result is shown in Figure 5.15

Thé signatures files used in MAT-1 were saved bn tape and

then applied to the areas MAT-2, MAT-3 (Figure 5.16 ) and MAT-4. The

final classification of these areas showed that the signature saved can

'~ be considered representative of the area displayed by the LANDSAT image.

The séme"signature files were applied to the whole scene and the results

were consistent as shown in Table 5.II . It must be pointed out that
this file extension method produce.good results in the study'afea; be-
cause of its simp]icﬁty. In Figure5.17the final unsupervised clas-

sification filtered (3x3 strdng) for the whole scene is presented.

Supervised Classification

The supervised classification is carried out in an interac-
tive mode. Four steps are generally followed:
| - (1) By means of an electronic cursor the user indicates areas
| on the image that are spectrally different. Thbse areas
(training seﬁé) are’selected based on ground infbrmatioh
" or on the interpreter knoW]edge about the area.
(2) The system analyses the spectral properties of the
training areas, using a procedure-known.as fone dimensional
'signature acquisitionf described by Economy et a1; (1974)
(3) ATl the pixels within the screen which have similar spec-
tral signatUreS to those selected in the trainihg areas
are -placed into one class, and disp]ayed as one colour

on the CRT.
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Figuré 5.15 Final unsupervised classification

for MAT-1 test area.

Class. #.1 Forest (lilac)
Class # 2 Shrubs  (pink)
Class # 3 Regrowth (biue)

Class #.4 Burnéd areas (red)

Class # 5

C]ass # 6
Class # 7
Class # 8

produced via EBIR

Recent burn - (green)

Grasses 1 (turquoise)

Sandy soils (beige)

Grasses 2 (yellow)
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~ Figure 5.16  Fihé1‘uhsupervised c1assification prodﬁced via EBIR

for MAT-3 test'area, using signatures files created
on MAT-1. I

Class # 1 Forest (Zilaec) ~_ Class # 5 -Récent burn (green)
Class # 2 Shrubs, tall grasses(pink) Class # 6 Grasses 1_(tﬁrquoise)
Class # 3 Regrowth (blue) <~ Class # 7 Sandy soils (beige)

Class # 4 Burned areas (red) ~ Class # 8 Grasses 2 (yeZZaw)
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TABLE 5.11

PROPORTION OF EACH CLASS DISPLAYED IN THE FOUR STUDY AREAS (MAT-1, MAT-2, MAT-3 AND MAT-4) AND *
THE TOTAL SCENE (%)

CLASS MAT-1 war-2 . MAT-3 . HAT-4 . TOTAL SCENE
1 187,056 3.8 737 2.8
2 3.87 2.3 514 83 579
3 777 . 551 15.89 28.91  13.54
4 1439 W79 2403 3138 - 20.84
5 17.85 4.0 7.07 - © 591 - 6.1
6 C28.96 33.02 . 13.78 770 18.81
7 97 L2533 210 - 3.88
8 1217 2871 9.3 228 . 12.90
CLASSIFIED  96.65  90.20 .  82.41 94.00 84.75

UNCLASSIFIED 3.35 9.80  17.59 6,00 15.25

NOTE: The low proportion of unclassified pixels in each case indicating good signature file
extenston. Ihe relatively large percentage of unclassified pizels in MAT-3 and total
scene,ig due to the occurence of classes (sand-dunes and elouds) not present in MAT-1
(Fzgures 5.16 and 5.17).

€8
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',(4) The procedure is repeated fbr each of the classes identified,
When all the classes occuring on the area have identified

a maXimum of 8 classes may then be displayed on the CRT.

Thréé types of output can be obtained:
(1) The photographic output through the Electron Beam Image .
Recorder (EBIR). - |

(2) The line printer (scaled).

(3) The Gould printer either one theme scaled or all the themes

unscaled.

The -themes obtained for MAT-1 usihg the supervised classifica-

tion were:

Theme # 1: Burned areas.

Theme # 2: Vegetation, shrub.

Theme # 3: Water (clear) -

Theme # 4: Grass #1

- Theme # 5: Grass #2 |

The djfferenqes between Grass #1 and #2 are mainly due to soil
conditions.rather thaﬁ structura1 or}density. | |

Theme # 6: Water (silty) |

Theme # 7:_Forest‘

The final classification is shown in Figure 5.18

5.4 Discussion. -

The results: show that LANDSAT photographic and digital products

can be used for obtaining information on land use/lTand cover as well

- as some soil characteristics over large areas.




86

o iy

-

Theme # 1

Theme # 2

Theme # 3

Theme # 4

s
%

N
A ;‘}
AT

<oahd

YA .
et

_‘,.

RS )
SN N, e

Figuré'5.18 Final suvervised classification produced

via EBIR for MAT-1 test area.

Burned area (green) Theme # 5 Grass 2 (pink)
Vegetation Shrub(yeliow)Theme # 6 Water silty (turquoise)
Water (clear) (blue) Theme # 7 Forest {1ilac)

Grass 1 (red)
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Various’le?e]s,of information,éan be gathered frovaANDSAT
data.. The visual analysis, although highly dependent on the scale of
the image used, produce useful information. Up.to six land cover clas-
ses were identified in the Cinaruco—Capanaparo basin and the same in
the Matiyure basin.

Regarding the results of the digital analysis, the supervised

- classification for MAT-1 test area produced seven classes, while with

the unsupervisedveight were identified. The signature files developed
in MAT-1 were extended to the whole scene (32,400Akm2) and acceptatle
results were obtained.( Table 5.11 ). o
The  information extracfed‘using any of thezéystems of analysis
arplied can not be used diréctiy in the mbdels. It has to be transform~
ed in order that it can be inéorporated into the pértinent equations.
Others have suggested fhat land use/land cover affect such
hydro]ogic proéesses as evapotranspiration and infiltration. Many
models, particularly those need ihiurban, agricu]turé] and forest.hyd§o4
logy, considefed land use/land cover as a very_important elements. One
example is thevHoltan'(197l) infi]tration equation expressed as:
£ FA.GL.a.Sah + fe |
.Qhere: | |
f= instantaneous rate of infiltration in_inches/hour
FA= a coefficient which tdgether with "a" accounts for the
- effect of land use types in infiltration. -
GI= growth indéx.of piants S
San=avaijable storége in surface layer of the soil {("A" horizon)

in inches of water equivalent.



; . N | . .

n= a function of soil texture. For silt n=1.4, sand n 1.4

and clay n 1.4 .

fc=constant rate of infiltration after prolonged we1ting in
inches per"hour (fc is associated with capillary fiow‘or _
with an‘impeding soil stratum) |

In Table 6.1IIvalues of vegetative parameter_"A“ are given. .

" Note that the land use/land cover fypes numbers 6, 7, 11, 12 and 14 are

present - in fhe study area.

For each unit elenent a weighted average coefficient is com-

puted. This coeff1c1ent accounts for the percentage of each land cover/

land use L]ass within each unxe e1ement.

Several methods can be used to extract that information from

“the maps produced by the visual ana]ysus or fror the outpu;s of the

d1g1ta1 systems.
"To extract information from the maps a 1 mm grid overlay is

suggested. The information is extracted grid by grid and then coded

for 1ocat10n and class.

In the case of the d1g1ta1 ana]ysas the approach w111 depend
on‘the type‘of outpue used.” With the EBIR (Fig.. 5.17), Gou]d'Prxnter,

scaled or unscaled (Figures 5. 19and 5.20 ) the system is the same as

the one mehtioned for the visual ana]ysis.‘ In this case the information
is mbre detailed, because it is processed and disp]ayed at pixel 1eve1s.b‘

'However 1t must be p01nted out that the method is time- consum1ng.

An a1ternat1v approach is to use the output generated by the

' L1ne Pr1nter aetatched to the Inage 100. The classes estab1lshed_1n the

',1nterpretat1on process are numerically coded {1 to 8) dnd-disp]ayed by
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F'lgure 5.19 Gou'ld Printer unscaled. Themes output of part of MAT 1
of,part of MAT 1, un:uperwsea cilassification.
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MAT-1, unsupervised classification (Forest) ‘

i i




'1114[46666R5666666684666464666488@6898“464566&Q§bpﬁﬁﬁﬂ86QRﬁﬁﬁﬁhéé

92

1119(66655R62864446R6H6066440668 8 .8866ﬁF55W7Lfjﬁﬁﬁagfhbhﬁﬁﬁﬁ6bl7

112506 66[16H6668646666436666866 E68R666RSTSS 5 T L6 REEH6666657 15 J7
1130 (R668A6666646664666466666666686666555TH01NToBE 6666605667711 1

1136[6388&886668666666466544664446544446§ﬂYzéﬂﬁ88866688ﬂ777777737
1141143889R839886656086854534345556556661 THOUBRGL6 AsSTIS s (117
1146f65868888666666686665664455555§2§ﬂ§77§Q]ﬁ88644537@b{p7ﬂz§3p78
1155 (44544544886686866568654864465777111766 886657 U1TH311734 177

115704446648 88%664566664545554466b757§;h6666664§2§ AL 277777117
116224446455 g&ﬁﬁﬁb56444566555555771277&6665§ﬁﬁéﬁég§777231777ﬂ7ﬂ7

1168(46664445T717 5444445755450 711755 150A 46660 15017771 1343277 77717

72 55 577 1343
1173[66@553§32§854466666455§jlzssﬁgq 556445564 15 60[17,32530177177753
1178{45@5577113554658666545§Q556611¢6663654665535§§1ﬂ2;ﬂ7777q7asm
1184[55ﬁ1j3?7§ﬁ5$5666446565&4656565566§§656666@777ﬂ§ﬁ§77777776556
1189[ﬁ?@ssﬁ753755655555§m6554655655§§5gj654 6517777777777 6666568

1194{ﬂzbsgj7773§665ﬁ%55L15656553264&555565397777§§?§ﬂ§ﬂm7ﬁg&asasg

'1200{65§§n7777@537%njjb62335621225@5555&@8531777355343778 BRERERB

1205[6ﬁ7il£§552f322346643365321233664688&55%5@]}Lﬁﬁﬁ?7774885 BRER
12111477555335431 346723452122212366685554 5 EET 117 16660886866844
1216[35724223232 224 222432122552465788668767 1777775664 1p668633
1221177662 334434355334333223 532223 66602657201777716878666944488

1227(582255555456664222212 32332322241;§7M“§ﬂ7 7775646444446468R24%

1232[66666666555553233333333332322§;§ng§5777 77 7/665666646668664

123714566465A17155443432 3333222223777 1502077 117586666666646388684

1243[5454§5ﬁLpM4433%15ﬁ7ﬂ54JB4§ﬂ7ﬂ77537@2@77@?3666588686636 48564
1248[565§7711§32233371 7%§§M2§ﬂ7{Qj777777771ﬁ6686644444b446668555
1253[62}6§ﬂ53342353ﬁﬁﬂ??ip71@777prllllllﬁﬂ5886444436644644668664
1259(14j52423§§§44ﬁ77777777Lﬂ77777748568888854646446534&366666455
1264{ﬁ514§7ﬁ§3j§gﬁ77777777777777777a8888668h654466654663444444564'
1269132333357733177777777771 7171588 €6564644465666664464343401404
1275[432;ﬁ§;ﬁ@§ﬁ§b77777ﬂ17688886668a88888644 £6666444646644444664
1230[55§p37777glﬁﬁj77336866684446688668564664@8966454435444466444
1286[357ﬂ%?llﬂBSﬂéll7ﬂ68866886668664444636@2688666446446444444444
1291 ([T717767565667 1561} 6R88688388444444344656464644444444664444343
1296{771557777777@3@]@85666644448@4444444644446666444646444334 44
1302 1l§53777ﬁ§777ﬁ57§4668866444446664666684334413664644444443344

1307(ssﬁ@gjvz7?§ﬁ€?57%e46649346464864333344431114338564444443444;
1312[2ﬁmz6§2?§44468ﬁlb446644444446844443433331244364644443344443ﬂ
131816752356666664856644446444833444466444431333R8644434344442343,
1323(575754664466644666644444444434444444431233666644434343334443
CCCErEerCr et e err e qerer e erereeeteteertiettrtireetet
2222222222222222222222222222222222222
992222222222272223333333333333333333333344444444444442444444
93344555667 788899001112233445556677888G900111223344455667778

938261593826159482615948271504827150483716048371604937160493

Figure 5.21 Line Printer scaled 1:100,000. Themes output of part of
MAT-1, unsupervised ciassification (forest)
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Figure 5.22 Comparison between Gould Printer and Line Printer

scaled 1:100,000 outputs.
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Figure 5.23 Comparison between Line Printer output and

1:100,000 scale topographic map.

4664444343
b6444334 44
14464443344
1444443444;
14433444433
RA3444642343;



.11001559465h66b98%5bba+7b%53546537l

©1443143443444344444443433323443444444444445444844888R84464644260 4

95

61T (AB6688661555656666062463655436666666036 6ALBRARHEHDBEARELA3IDS,

631{65648666565656561066123 55344666044R8R666H6G4BB545566454335555Y,
671(£66366665366663446444 54666h666666°99646554?544444I?Sbﬁb%714
699[ﬂ4)4466&89666663446234664460ncbb&6635235555 2564554555555545 8!
72410166637580666 64063b064604b6666878665553464431S33553522333226&
751 (44668388R666664686664337 6666888855686665555 553457255725137 ﬁ
77R[?8§S66888886677777% 656666655 6555%%5“86855“%3)75]55557?4]n3ﬁn%
5{38R88604666667838866555635565555555553333355 546335557576885645

837[808b446qa6666555b655?233/557§ 555545756445541315366557664114
858 [(66666666606T76552257555355555545556355766555 77ﬁ98956660644}411

1

885 [66656654666865545555566335656265557555555885566666656444441a9
912[56666565666665555556574664445335656 €366687653344444444444441]
939(444666666666555535557561435255646646666 2768554444464444444344
966 [666653565566355243555214266€6646666556147766664646444434442444,
1 992[6636734458655745555566456660666666668657666664444444444244464
1019(5546666253555565664866066666886666655717580646644143344464449,
1046 (636363 66686666658686R6666RRABBEERRTTTITEO66444444444444600148
1073147564666566886568866686666686666866 177766668664444474344637RG6,
1100{75536555826141666806666686575865776R66RE866664TT6R16444468642
11261465844458662 2335c666660506AA2[1 1RBERER 8444444662644444404434
1153[535864666 3333845 44?665[56n117 x8644416446b434243?”44344ﬂ4554
r£%644a6440644 33344433344444233
1207143311666648666657577522568 1 9966%46666494433?3 44121234434434
1233[;412163z3asqs374?6ss332ﬁ”7vﬁ
1200[106‘8h6¥56886534554777]3h0ﬂ6 54416444646443331444443331213444
1287033334662226634513 77JFE 66644444 44¢46444?35443333*73311464’1
1314[6157873616?037677374¢4464334&334b44444464644443?22)443544434w
T341133777575547777777 4444443334434344444444444443331132326443443
136710734465777456776444444334633344444444346444443332113333 3 4
1394144444777744444464444444644444444444444444444421124434 445 5
1421(444444444344444 33333348214344444444444443444448 4444 26639

1475(4464446444234443444448 6434464444444448588765R88877 BBBURHATS
{[[fili[[[[[([[(([[[[([[l[[(l[[[[[([ff[[f[{[[[l[[[f[f[[[[f[[l
1111111111”?22222222222???2?22?????222)22?????2? 222222233333
88%889999300001111172??23?334444%5555566667777189888999900000
(6246803579135802468135791368024681357914680246913579246802479
124578013467912457801346790?3568@1346790235689124578023568912

Figure 5.24 Line Printer scaled 1:500,000. Theme output of scene displayed .
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the printer at the scale desired. The character also has its location
within the scene coded by line and by pixel number as shown in Figure
5.21. The scale of this output is not as exact as the one from the

Gould Printer (Fig. 5.19) because of distortion due to character size.

However, Fig. 5.22 shows that both outputs related well. The Line Print-

er output was also compared with a 1:100,000 topcgraphic map énd the
result is shovn in Fig. 5.23. The number of pixels displayed for each

one of the characters is approximately 5.36 x 4.36 pixels (423x244 m)

or an area of 0.103 kmé. A second output at 1: 500 000 was generated

~ from the Line Printer (Fig. 5. 24) Although -a large amount of informa-

tion was |ost the general pattern remains the same as shown in F]gure

5.21. .

.hrea measurements from the Line Printer output can be made,
using a féctor of 0.103 km2 (1:100,000 scale) per character and multiply-
ing by the numter of occurrences of the class within the unit element.

In SectionA5,2.3vthe possibilities of’detecting seasonal and

. non-seasonal changes have béen demonsﬁrated. The results suggest that

seasonal information could be applied to obtain better estimates of

model parameters.




CHAPTER 6
CONCLUSIONS
In recent years the use of hydro]pgic mathematical models has

an important'tool in urban, agricultural and forest hydro1ogy. Their
usefhas aTwaysrbeeh']imited,'however, because of the amount of informa-
tion that they require. Conventfona] methods used in extracting the
information are-timesconsuming,'expensive and limited, particularly
when large drainage basins a}e involved. Remote.sensing from space-
crafts such as GOES,and LANDSAT can be used as means of gathering part
of the information requiredi(nameTy, precipitation and land use/ land
cover),,rapidiy, repetitively; with an acceptab]é aﬁcuracy in a less
gxpensive way. | | | |
GOES data‘wds fbund useful in improvingiinformatiqn on the
tempora] and areaildistribution of precipitatfon in'the‘study area.
The continuous coveéage (every 30 minutes) in two spectral bands (vis~
ible and thermal infrared) allowed the identification and monitoring
of activity of the Qifferént fypes of rain-producing_ciouds day and |

night.

satellite imagery was selected. .A]thcugh'the method is empirical, it"

It has produced satisfattcry'resu1ts'in areas where information is dif-

Y-

97

increased greatly. Distributed mathematical mcdels have been considered

Follansbe's (1973) method for estimatihg"precipitatioh from

‘has been tested in several areas of the world, including tropicai areas. -
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ficult to obtain. Some changes that are raquired to make it suitable '

~ for hydrologic distributed models are pioposed. Due to lack of

hourly precipitation data fqr thg study area, héwever, the method cbu]d
not be tested.

LANDSAT data in its ﬁwo formats (photographic and digital)
was evaluated. The results showed that the jevel of detail on land
use/Tand cover that ié-required fqr hydrologic distributed models can
be obtained; It is ]imited,hqweyer, by the type of product used. Vis-
ual analysis using sing1¢ and multidate data allowed the identification

and mapping of broad land use/land cover categories as well as soil

characteristics. This is possible because in the visual analysis both

tone and texture aided identificaticn. Multidate data was found appli-
cable to monitor seasonal as well as non-seasonal charges. The
inconsistency in quality of the photographic products; hdwever, limited
the use of the density slicing technique, althcugh goad results had
béen expected. | | v |
Digitally enhanced data was found valuable for improving
visual interpretation. These products could open a feasible way for

making the maximum appiication of both spatial and spectral information

“used in;visuél interpretation. Similar results to those produced by

Land-use/iand—cover information at the level requiréd for

hydrologic distributed models can be obﬁainedAby digital éha]ysis using

either unsupervised or supervised téchniqU°s. In the case of the un-

superv1sed classification more deta11ed post- 1nterpretat1on is requxred

From th1s evaluat1on, 1t can be concluded that sate111te data

98

digital methods could perhaps be obtained without the high cost involved.
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from GOES and LANDSAT are powerful tools for obtaining the information

required for hydrologic distributed models.
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APPENDIX A
'LAND-USE/LAND-COVER CLASSIFICATION.

crOPLAND: land usc for annual crops and fa11ow Tand.
URBAN-BUILT UP: inc]udes all built-up areas.
MINES, QUARRIES, SAND AND GRAVEL PI7S: extracting materials'aneass
ORCHARD AND VINEYARDS: fruit trees.
AORTICULTURE, FUR AND POULTRY:‘pkoduction of vegetables, small
| .'fruits, and large scale pou]try and
fur farming.
BOUGH GRAZING AND RANGELAND graslands (natural); arveas of sedges
~ and herbaceours plants, abandoned |
' farm]and and lightly wooded grass1and.
'ROCK AND OTHER UNVEGETATED SU?EACES areas in which bare surface .
cover more than 75 % of the.
total surface.

SHAMP MARSH OR BOG: open wet1ands, except: areas of swamp grass,

dnd wet land w1th a dense tree or bush cover.:

OUTDOOR RECREATION 1and used e1ther for pr1vate or pub11c recreat10n.

JUPROVED PASTURE AND FORAGE CROFS: 1mproved pasture only (fodder

~ crops).
SANDS FLATS DUNES AND BEACHE'S.

WOODLAND: 1and bear1ng forest of a commerc1a1 nature.
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13.  NON-PRODUCTION WOODLAND: it includes land with a growth of short
R trees or bushes. Also areas recently
logged or burned.

14. WATER: permanent bodfes of water, large enough>to be mepped.

~ Source: Gupta {1974) based on ARDA.

105



ESCUELA DE INGENIERIA CiVIL

DEPARTAMENTO DE METEGRGLOZIA € RIBROLOGIA




