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ABSTRACT 

Satellite data from GOES and LANDSAT where evaluated as a 

source of information for hydrologic distributed models applied to 

large watersheds. Three basins within the Llanos area of the Orinoco 

River basin, Venezuela, were selected as study areas. 

The 	 specific objectives of the study were; 

{1) 	 To test the applicability of meteorological satellite 

data for improving information on the temporal and 

areal distribution of precipitation,as we11 as estimates 

of amount over large areas. 

{2) 	 To investigate photographic and digital LANDSAT data as 

a source of land surface information for hydrologic 

distributed models. 

The 	satellite and ground data used in this research were: 

(1) 	 GOES WEFAX electrostatic facsimiles, 

(2) 	 Lfi.NDSAT photographic and digital data, 

(3) 	 Re~ports and maps on soil studies by Desarrollo Industrial 

Agricola C.A (1958) and Comerma and Luque (1971). 

The analysis of the data \"las carried out by visual analysis 

on the photographic products of GOES and LANDSAT using r·egular photo­

-interpretation techniques. GOES photographic data allowed the analysis 

of temporal and areal distribution of precipitation over large areas. 

Follansbe's (1973) method for estimating precipitation using satellite 

imagery was found potentially applicable to hydrologic distributed 
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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. Analysis of the multidate imagery was found very use­

ful in detecting seasonal and non-seasonal changes. 

Digital analysis of LANDSAT data was carried out on the 

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

Contrast stretched images and breakpoint enhancement~ supervised and 

unsupervised classifications were produced.The results showed that 

LANDSAT digital analysis either by unsupervised or supervised classifi ­

cation can be used for the extraction of land-use/land-cover information 

for application in hydrologic distributed models. 
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CHAPTER 1 

INTRODUCTION 

1.1 Statement of the Problem 

In recent years~ the development and use of mathematical hydro­

logic models has increased greatly. Although there are many different 

types of models, they generally require a large amount of information. 

This information is obtained from climatologic and hydrologic records, 

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

{1975) pointed out that very often most of the time is spent on the in­

formation-gathering process, rather than on the running of the model and 

the interpretation of results. 

The data-gathering process is obviously a great challenge 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 covert 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 usually a lack of data 

with regard to geology, soils and vegetation types and cover. All these 

factors cause difficulties, not only for hydrologic response modelling, 

but also for watershed management. 

Remote sensing from spacecraft such as SMS-GOES and LANDSAT 

provides a possible means of gathering part of the information rapidly, 
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economically~ repetitively and with an acceptable accuracy. To maximize 

the potential benefit of remote sensing for large drainage basin studies, 

the values and limitations of this approach must be understood. 

1.2 	 Objectives of the Study 

The specific objectives of this research are: 

(1) 	To test the appl icabi 1 ity of meteorological satellites 

(SMS-GOES) for improving the information on the areal 

distribution of precipitation. The application of that 

information to deterministic hydrologic models will also 

be considered. 

(2) 	To evaluate the methods for estimating the amount of 

precipitation from satellite data. 

(3) 	 To investigate photographic and digital LANDSAT data as 

a source of land surface information. 

(4) 	To study the possibilities of using information from 

satellite data as an input for deterministic distributed 

models. 

1.3 Outline of the Project 

In this chapter the statement of the problem and the objectives 

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

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

hydrologic mathematical models. 

Chapter 2 is devoted to a review of the literature on this sub~ 

ject. In the first 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 provides 

a base for the direct and indirect extraction of information applicable 

to hydrologic models. In the third part, convnents are presented regard­

ing the 1 iterature on remote sensing . in watershed modelling.· 

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

ed in Chapter 3. 

The evaluation of GOES data as a source of information for 

precipitation inputs (areal distribution and estimates of amount) to 

distributed models is presented in Chapter 4. 

In Chapter 5, the results of the evaluation of LANDSAT as a 

source of information on drainage basin characteristics (physiography, 

land use/land cover and soil) is presented. The possibility of using 

such information as an input to hydrologic deterministic distributed 

model is discussed. 

In Chapter 6 the conclusions of this research are presented. 



CHAPTER 2 

REMOTE SENSING APPLICATIONS IN HYDROLOGIC MODELS: A LITERATURE REVIEW. 

2.1 Introduction. 

This review is divided into three parts. First it is neces­

sary to analyze the concept of hydrologic inodels:. their purpose and 

which of them are capable of receiving infonmation extracted from remote­

ly-sensed data. Second, how information applicable to hydrologic deter­

ministic models is gathered by means of remote-sensing systems must be 

considered. Finally,one must examine the work already carried out by 

other authors dealing with remote-sensing applications to hydrologic 

mathematical models. 

2.2 Hydrologic Mathematical Models. 

Based on a general definition of mathematical models:-Y.ben. by 

Weik (1969), a hydrologic mathematical model may be defined as a math­

ematical representation of an hydrologic process:.. which allows mathematical 

manipulations of variables as a means of determining how th~ process reacts 

in different situations or under different stimult... 

Freeze {1974) holds that a general form of a hydrologic model 

-can be expressed as: 

Yt= f(xt-1' xt-2, ••••••• , Yt-1' Yt-2, ••••al, a2 •••• ) + gt (l) 


·where: 


xt= represents the input .at time t 
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yt= corresponds to the output at time t 


a = the system parameters 


r = defines the model function 


e: 	 = expresses the error or lack of fit of the model with 

reality. 

Mathematical models in hydrologyhave been in use since the 

early sixties. A better understanding of various hydrologic process has 

aided their development. Also of importance has been the availability 

of digital computers that allow 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 routing models. It is in the realm of the · 
1 

deterministic conceptual IT'tOdels where remote sensing could have its most 

valuable contribution 

In Table 2.1, a list of some of the conmonlyused deterministic 

models is presented. It can be observed tha.t the majority of these models 

are lumped, and only a few of them are partialy or totally distributed. 

The main difference between them is one of spatial or temporal averaging. 

A lumped model is one in which the basin is considered as a single en­

tity and the model parameters represent an average value for the entire 

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

(1) II 	
If all variables in equation (1) are regarded as free from random 
variations, so that none is thought of as having a distribution in 
probability, then the model is regarded as deterministic"(Clarke, 
1973, p. 3 ) 



TABLE 2.I DETERMINISTIC MODELS.· 


Date 

1958 
1959-1966 
1962 
1965 
1966 
1966 
1967 
1968 
1968 
1968 
1969 
1969 
1969 
1970 
1970 
1971 
1972 
1974 

After: F1em1ng· 

Name of ModeZ 

SSARR Corp. of Engineers Model 
Stanford Watershed Models 
Road Research Laboratory Model 
Dawdy and O'Donnell Model 
Boughton Model 
Huggins and Menke Model 
Hydrocomp Simulation Program
Kutchment Model 
Schultz Model 
Hydrologic Engineering Center {US) Model 
USDAHL-70 Agricultural Research Service Model 
Kozak Model 
Mer.o Model 
Institute of Hydrology Model 
Vemuri and Dracup Model 
Van de Nes and Hendriks Model 
Water Resources Board Dee Research Model 
Gupta Model 

(1975) 

Land Sw:oface 
Parameter Representation 

Lumped
Lumped
Lumped
Lumped
Lumped
Distributed 
Lumped
Lumped
Distributed 
Lumped
Lumped
Partly distributed 
tumped
Lumped
Lumped
Distributed 
Lumped
Distributed 

~ 
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number of units. Calculations are carried out in each of these units, 

surface characteristics and climatological information being average 

values. 

Several authors have pointed out the problems of lumping. 

Murray (1970) suggested that inaccuracie.s can be introduced into the 

simulation by .lumping input such as precipitation in both space and time. 

The same problem occurs when assigning an averaged infiltration rate to 

the whole basin. 

Freeze (1969) holds that the purposes of hydrologic response 

·models are: 

(1) 	To synthesize past hydrologic events, 

(2) 	To predict future hydrologic events and to evaluate, for 

design purposes, combinations of hydrologic events oc­

curring rarely in nature, 

(3) 	To evaluate the effects of artificial changes imposed by 

man on the hydrologic regime, and 

(4} 	 To provide a mean of research for improving our understand­

ing 	of hydrology in general, and the runoff process in 

particular. 

If the model is to be used in analyzing the influence of tem• 

poral and spatial variations of climatologic inputs,as well as changes 

in basin characteristics (land use/land cover),a distributed approach 

is the most appropriate to use. This is of particular importance in 

urban, agricultural and forest hydrology. 

The hydrologic distributed models operate· on a grid element 

basis. Therefore the infonnation {climatologic and land use/land cover 
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inputs) has to be gathered at the same leveL It can be appreciated 

that the procedure is time-consuming, particularly 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 interpretat·ions 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 inputs and drainage basin characteriStics. 

2.3 Remote Sensing of Information for ~tathematical Hydrologic ~1odels. 

A classification of data normally required for determinist·ic 

hydrologic models (Fleming, 1975) is shown in Table 2.II. Information 

for hydrologic models can be extracted by remote-sensing techniques in 

three forms: 

(1) 	direct qualitatively, 

(2) 	 direct quantitatively, and 

(3) 	 indirect or by correlation between ground measurements 

and some properties of the remotely-sensed data 

(Meyer and Welch, 1975). 

In direct quantitative measurements, spatial resolution and 

radiometric fidelity are the most important factors. In the latter 

case, scene contrast affects the detection and therefore direct measure­

ment. 

The 	direct measurements involve the interaction between 



TABLE 2.II CLASSIFICATION OF DATA FOR DETERMINISTIC MODELS. 


HYllllOMETroROG:lic PARAMETERS 

I 
PRD:IPITATIO!f 

znow, rain, hail, dew 
EIIAPClRATlON 

RADIATION 
~hort and long wave 

T!l\PIJlATURE 
ulr, wuter rm!.l toarth 

WlNU SPI:Ell AND DWI:CTION 
IIUM!JHTY, Vl.t'Oil I'I<I::,!;SUI!F. 
CLOUD 
JliVIJI f.'rAGr. 

::THI:AMt1.£lW VOLlllU: liND Vl:WCITY 

!;llOUJHJ.III'ftJI U:VIJ. 
DlVIl1S100S 

Tll!l: 

:;u:;r•tJ'HJt:U llt:DIHUI'r CONCil'ITIVITION 
llt:U !il:l!lHt:N'r WAD 

DATA CLASSIFICATION 

PROCESS JA~ETERS 
I 

Interception Storage 

MOISTURE STORAGE 
Surfo,.e Md lower zoneo 

INFILTRATION 

Itl'l'l..lU'LOW 

TllANSPIJlATlOM 

CONSUMPTIVE WATER USED UY Vt~t~AT!ON 

OVlJILAND tl.OW 1-.lU<.illlml.l; 
TlHI: IJ!l.AY IIIS'I'IXlllAHll 
UNl'l' IIYil!IOGilAPII llt&J'QN!l£ 
MUSKJNWIAH COt:tl'IClEN'rU 
JUXt:SSION IIA'IT.S 

lnto•·flo~o~ 1 f!l"<!undwl>tor 

QllOUN1111ATt:R J'l.OW 

lNACTIV£ O~UNPWATCR 

SNOWMELT PARAML"l'££UU 
melt r11tet. •lue to 

radia~ion, condencatioft 

convect4on, eround 


IINW I»:Nn'l'Y 

SNO'.ol PACK WATi:R CON'!'tN'r 
maximum volume equivalent 


EIIOSION MT£ PARAHE'l'EitS 


--~-----· ­ PHYSICAL PARAMEn:RS 

I 
LAND SURFACF. 

n .•Lvl\-l'lON AkEA ZOt.'ES 

OVr.RLIIND FLO'.I U:NG'lll 

GFX>LOOIC TYPF. 

VEGL"fATlON COVER (ARF.AS) 

SOIL TYPE AND SlZI: CLASSIFICATION 

LIIN!J-IIUt: TYI't:!l 
LJ\tlU t'OilHA'I'JON CLA!l!IU'ICA'I'ION 
I Ml'lliV I OUU Aut:II::; 

IIA'I'IIIIA!. CIIA!ftii:J. NI~I"WOUK 

CUN'I'III UU'J' INl.O AIUJI 
U:t«J'I'II1 SUJP!-; 1 l;UO!l:;-:a:c•J1101l 
ANU lluUOIINt::l:.l 01' CIIANNI·:L 

11111\AN CIIANNt~. NE1'WOIIK 
I.EUG'I'II I !lliJJ'I; I 1.1111\WAUI: Akt:A 
CULVIJIT lJIIIMtm:U 
HOU(illfU~;s 

ln:'H:IIVOITIS 
CON'I'IIJUti'I'INil AU.:.\ 

I'.AXlHt!H ll.£VA'l'l01l Allll ll'l'OHAu•: 

HllllHlJM l.U.VATl.ON ANU C1'QII!Vlt: 

SPILLWI\ Y CRWf 


IIIU:A·IlJ:VATlON·CAI'I•Cl'l'Y•!il CCIIM«:•: 
reloLiora,:htJI 

OPtR/ITHII:: ,.tllJ:$ 

Source: George Fleming, "Computer- Simulation Techniques in Hydrowgy",
(New York: Elsevier), 1975, p. 56 

\0 
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the e1ec.tror..agnetic radiation and the objects. The change suffered by 

the electrofT'.agnetic radiation when it is reflected:t emitted, absorbed 

or 	transmitted by different objects are used as a source of information 

to analyze the properties of these objects. 

The possibility of working tn different spectral regions in 

which e.ach one of these elements has its unique or characteristic spec­

tral signature, al1ows their identification. By monitoring changes in 

the spectral response of water, soil, vegetation and clouds, seasonal 

variations, as well as changes in physical properties of those elements 

can be followed. 

Several remote-sensing systems are capable. of gathering 

information to be applied to distributed hydrological models. Conven­

tional 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 e;Ktract information potentially useful for hydrologic 

models. However, limitations imposed by the size of the basins and 

seasonal changes reduce the applicability of these systems. 

Based on Table 2.11 and considering the actual capabilities 

of the spaceborne sensors (S~1S-GOES and LANDSAT), it seems feasible to 

gather the following information for hydrologic models: 

(1} 	 Areal distribution and estimates of amount of precipitation. 

(2) 	Land surface data including land use/land cover and soil 

characteristics. 

Therefore in the following sections a review of the literature 

dealing with the use of meteorological satellites and LANDSAT, in obtain­
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ing that information, will be presented and discussed. 

2.3.1 Hydrometeorological Information. 

Since the first operational meteorological satellite system 

inaugurated by the launching of ESSA 1 in February 1966, great attention 

has been given to, the interpretation of remotely-sensed data in terms- of 

atmospheric parameters normally observed using conventional methods 

(Barrett, 1973). Precipitation is one of these parameters, and is with­

out doubt the most important climatological input for hydrologic models. 

Rain gauge netHorks_ are the most widely used system for 

measuring precipitation. They are generally dense in populated areas, 

but scarce (if not totally absent) in rura1 areas and in the remote and 

isolated upper portions of basins. Because of the areal variability of 

precipitation, the estimation of average rainfall over an area has al­

ways been a problem. Several rr~thods have been developed to overcome 

this. Arithmetic mean, Thiessen polygons and Isohyetal procedures are the 

most widely used. All of them, however, are greatly affected by rain 

gauge distribution. This problem becomes critical when dealing with 

large and poorly instrumented basins, a very corrmon situation in tropical 

countries. Because of the uneven distribution of the rain gauges, con­

vectional storms (very localized and co!'l1Tl0n phenomena in the Tropics) 

could occur and go unmeasured. 

As was pointed out by Gruber (1973), for the measurement of 

the area covered by precipitation, satellite data are better than any 

data obtained from ground acquisition systems, with the exception of 

radar. It has been found, however, that radar systems are only suitable 

for measurements· !JP to: 100 n.mi. This is because for greater distances 
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the earth's curvature affects the measurement. Information from satel­

lites thus becomes suitable to help solve the problem of precipitation 

distribution over large areas. 

Martin and Sherer (1973) pointed out that satellite borne sen­

sors do not see rain directly, neither do they respond selectively to 

rain and frozen drops,as does radar. Spatial resolution has also been 

mentioned as a limitation on the use of meteorological satellite data, 

since it does not permit the exact locatioh of the cloud in. relation 

to a geographical grid system. 

In spite of these constraints,several methods have been devel­

oped to esti~ate rainfall from satellite data. Precipitation estimates 

have been obtained by analyzis of cloud characteristics such as type, 

size a"ld brightness1. (Conover, 1962; Barrett,1967}. Barrett {1970) 

obtained a rainfall coefficient based on cloud cover and cloud type to 

esimate monthly precipitation. Follansbe (1973) improved Barrett's 

approach using satellite images instead of clouds charts and developed 

an equation for estimating daily rainfall. He only considered rain 

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

congestus. This will be discussed further in Chapter 4. 

Woodley and Sancho (1971) and Martin and Suomi (1972) found 

that cloud brightness correlates well with large radar echoes. This is 

based on the assumption that the brightest cloud masses on the satel­

. lite imagery will correspond to the clouds with the greatest vertical 

development. These clouds are the most likely ones to contain precipi­

tation areas. Woodley and Sancho (1971) found that 87 %of the 372 radar 

echoes detected by the 10 em. 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 ··lOf the cloud 

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

brightness method. 

There are still some 1 imitations )lowever,to the use of satel­

.1 ite 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 representative of 

or dominant for the period. Changes in tir,.e indeed affect estimates 

from satellite data, particularly those made using the brightness 

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

underestimate precipitation when cloud of low brightness produces sig­

nificant rain, and conversely,it overestimates precipitation when bright 

clouds produce no significant rain. 

Martin and Sherer (1973) point. out that most methods concentrate 

on estimating convective rainfall. Therefore observations are required 

to isolate areas of convective activity from background cloudiness. It 

is also important to establish the effect of nonconvective rainfall on 

the area under study. 

Better rainfall estimates can probably 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 

continuous coverage. 

2.3~2 Drainage Basin Characteristics. 

For modelling purposes and especially for distributed models, 

drainage basin characteristics are sub-divided into two groups. First 
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those derived from drainage basin physiographic characteristics includ­

ing: 

(1) River basin boundary, 
(2) River basin area, 
(3) Grid element, 
(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: 


(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 simulation because they 

are used to define the retention and release characteristics of the 

basin. He also mentioned that this information can be incorporated into 

equations for calculating the rate at which water moves from the land 

surface {Fleming, 1975). 

Measurements of basin physiographic characteristics are pos­

sible using most remote::-sensing imaging systems. The feasibility of 

observing and measuring these characteristics depends on a composite 

effect between the size of the feature and the resolving power of the 

system. Up to now, the.type of infonnation mentioned has normally been 

extracted from maps and aer·ial photography. _These. data sources .are 

considered the best available. 

Due to the characteristics of satellite borne sensors, it is 

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

and contour lines, within the range of precision required, although 
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with future development it may be possible. However,Kesik (1973) and 

Rango et al. (1975) found that LANDSAT imagery allows the detection and 

measurement of certain characteristics. These characteristics are 

drainage density, basin area, basin boundary and stream length. 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 was mentioned before, is formed by 

land use/land cover and soil information. The use of the term land 

use or land cover depends on the 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 info~ation extracted as land cover. 

The amount of infonnation required on land use/land cover will 

depend on the model under consideration. I~:h:is model, Gupta (1974) 

used a version of a land-use/land-cover classification base~ on the 

Canada Land Inventory. The classification is shown in Appendix A 

In the model, the effects upon infiltration of.each class (."A 11 parameter 

in Holtan, 1971 equation) 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 discussion 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 processes such as evapotranspiration and infiltration. 

Structure and density are the most important elements in describing 

vegetation for application in hydrologic models. Vegetation structure 

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

tree, shrub, dwarf shrub and herb layers. Density may be defined as 

the percentage of vegetative cover in relation to the soil background. 

Fleming (1975) proposed a general classification for vegetation 

types when zoning a drainage basin. They are: 

(1) Heavy forest, 

(2) Forested areas, 

(3) t1i xed fares t and open1 and, 

(4) Openland 

a. Natural grassland 

b. Agricultural grassland, and 

(5) Non vegetated areas (bare surface). 

The separation of these classes is based on their differing 

effects upon the hydrologic processes already mentioned. 

The effect of vegetation and changes in vegetation cover on 

basin hydrologic response have been demostrated in the literature. These 

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

changes are expressed by variations in vegetation density rather than 

structural changes. Non-seasonal changes occur as a product of fire 
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damage or human activity. 

Both changes affect spectral response of the vegetation. The 

influence of maturation~ water content variations and senescense on 

spectral reflectance have been analyzed under laboratory conditions. A 

very extensive literature dealing with these aspects is covered in 

Myers ( 1975 ) • In the same publ i'cation the principles involved in~ 

the detection of vegetation using remote sensing systems are discussed. · 

Several authors have dernostrated the possibilities of using 

LANDSAT data, either visual or digital, in studying the seasonal vari.­

ations of vegetation. Structural changes resulting from fire 9amages 

have been detected and measured using Le..NDSAT data, as demonstrated by 

Deshler (1974) and Lauer and Krumpe (1973). 

Detection and measurement of these changes can be performed 

using LANDSAT data. Heasurement can be made using any conventional 

measuring device (planimeter or ruler, etc.) when using photographic 

products. ~tore precise measurements~ however, can be obtained using 

digital products. Area measurements using the pixel counting tech­

nique have been found useful in estimating. for example, vegetation 

cover and fire extension. 

Quantitative estimates of .spectral reflectance. can be. .obtained 

using digital data allowing the monitoring of seasonal variations. 

Water: The LANDSAT repetitive coverage permits the monitoring 

of seasonal variations in surface waters (1ake,ponds } . This is an 

important factor, along with vegetation, in producing better estimates 



18 

of evapotranspiration. This is possible due to the strong contrast 

between water and dry surfaces in the infrared (reflected) spectral 

region. Measurements of changes in the area of water bodies can be 

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

variations. 

Soil: The distribution of water and soil moisture is control­

led by variations in soil types and precipitation. Fleming {1975) 

pointed out that soil may be classified frcm the hydrologic point of 

view by particle size, infiltration characteristics and profile type. 

This information is obtained from soil survey reports and laboratory 

tests. 

Some studies have been carried out, however, to investigate 

if remote sensing can be used in mapping soil types and in detecting 

some sail characteristics at the regional level. It must be emphasized, 

however, that none of the available sensors is able to measure sail 

properties down the complete soil profile. The information that can be 

directly gathered is restricted to a thin layer of no more than 5 em 

on top of the sail. (the part most affected by temporal changes). How­

ever, some soil characteristics can be inferred by analyzing soil spec­

tral reflectance, colour, vegetation cover, land-use pattern, lands­

cape and hydrologic behaviour. Under laboratory conditions, as well as 

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

texture,colour, organic matter and soil water content affect soil 

spectral response. 

In general it can be concluded tr.at LANDSAT data, either in 
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its photographic or digital format, has been successfully 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 (eg. fires}, allows the analysis of 

variations in spectral response of the elements as a product of seasonal 

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

·· measurements using either visual or digital techniques. 

2.4 Remote Sensing Applications to Hydrologic Models. 

Some attempts have been made.on an experimental and quasi­

operational basis, to use remotely-sensed information as an input·to 

hydrological mathematical models. 

As already mentioned in Section 2.3.1, Follansbee (1973) im:­

proved Barrett's method for estimating 24 hour rainfall for large areas, 

using meteorological satellite imagery. The rainfall estimates were 

used as inputs to hydrologic models for simulating streamflow. Appli­

cation of this method has been made in several tropical countries. 

basically for flood forecasting. 

Pmorocho (1975) used a similar approach based on ATS-3 geo­

synchronus satellite imagery for estimating 24 hr. rainfall. in the 

Sina River of Colombia. The estimate of precipitation obtained for the 

upper portion of the basin and the data recorded in the lower part were 

.used as input to a lumped conceptual model. The model was used to 

simulate discharge for engineering purposes (spillway design) and the 

results were highly satisfactory. 

With regard to non-meteorolog.ical satellites, the first 
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attempt at using remote sensing as input was made by Ambaruch and 

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

previous theoretical work carried out by them in 1973. The study was 

oriented to meet three main objectives: 

(1) 	To determine the optimal values and permjssible tolerances 

of inputs to the model needed to achieve an acceptably 

accurate simulation of streamflow for the watershed, 

(2} 	 To determine which model inputs can be qualified 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 within permissible tolerances. 

The model used in this experiment was the Stanford Watershed 

Hodel Version IV developed by Crawford and Linsley (1966). This is the 

best known and most sidely used of all the deterministic lumped para­

metric models. 

They arrived at the following conclusions: 

{1) 	 At present remote sensing f~ space {LANDSAT) is 

applicable to the determination of model parameters 

related to physiographic characteristics, land use/ 

land cover, snow coverage, water and impervious area.· 

(2) 	At least eight parameters used in the model could be 

measured from LANDSAT data. With new improvements, 

basically in interpretation procedures.rather than 

resolution, probably seven more new parameters can be 

added. 
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{3) 	 Permissible tolerances do not impose sever requirements 

on the resolution of the system {LANDSAT). 

AT;baruch and Simmons (1974) suggested that to improve modelling 

by means of remote sensing, further study is required in the following 

aspects: 

(1) Soil surface and sub-surface characteristics, 

(2) 	 Remote measurements of temporal phenomena such as 

precipitation, air temperature, relative humidity and 

evaporation rate, 

{3) 	 Remote observation of snow pack depth at several points 

to estimate snow pack volume and water equivalent, and 

(4) Soil moisture 	measurements on daily basis within the 

watershed. 

After Ambaruch and s·immons several studies have been carried 

out mainly dealing with the use of LANDSAT for extracting land use/ 

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

1976} and Jackson et al. {1975) have used computer-compatible tapes to 

generate land use information required by a LANDSAT compatible version 

of the Soil Conservation Service {SCS) model. The results were cons·ider­

ed as good as those obtained using high altitude aerial photography. 

It can be noticed, however, that all the applications have 

been oriented towards mathematical lumped w~dels, applied to urban basins 

of less 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 models~for large and ungauged watersheds. 



CHAPTER 3 

STUDY AREA AND DATA 

3.1 Introduction 

The objective of this chapter is first to describe the environ­

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

the platforms, remote sensing syste~3 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 their selection. 

3.2 Study Area 

The area selected fo-r this study is the Venezuelan Llanos 1 • 

This distinct physiographic region covers a?proximately 28 %of the 

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

Shield to the south and by the Andes and Coastal Ranges to the northwest 

and north respectively. The southwestern limit is the political boundary 

with Colombia, although the same physiographic unit continues into that 

country where it is known as the Llanos Orientales (Eastern Llanos). 

Freile (1965) has stated that tr.a llanos in Venezuela can be 

divided into four physiographic sub-regions, namely: 

1 The term Llanos may be translated as grassy plains. It is a distinctive 
type of environment encountered in varioLiS parts of the world. 
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1. Llanos Occidentales of Barinas Portuguesa (Western Llanos) 

2. Llanos de Apure (Apure Llanos) 

3. Llanos Centrales o de Calabozo (Central Llanos} 

4. Llanos Orientales o de Maturin (Eastern llanos) 

The \>IOrk reported in this study is concentrated in the Apure 

Llanos sub-region. This area is characterized by a general low relief, 

although there are occasional areas of smooth and gently rolling hills, 

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

western ~argins of the Orinoco River. The study area occupies the south­

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

material consists primarly of unconsolidated Tertiary (Neogene) and 

Quaternary sediments, including recent alluvial deposits. The hills are 

composed of Precambrian rocks which are part of the Guayana Shield. 

Using the terminology applied in a Biophysical Land Classifi­

cation system (Lacate, 1969), three Land Districts 1 can be identified. 

within the llanos Land Region. These three Land Districts will be named 

Cinaruco High Plains, Capanaparo Sandy Plains and the Arauca-Apure Low­

lands (Fig. 3.3). Their limits are almost equivalent to the High 

Plain, Aeolic Plain and Flood Plain areas designated by Comerma and 

Luque(l971). 

To investigate the applicability of remotely-sensed information 

in hydrologic modelling, 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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Cinaruco {9,900 km2), Capanaparo (19,450·km2) and Matiyure (6,530 km2) · 

basins (Figures 3.4, 3.5, 3.6 ) • There are several reasons for their 

selection: 

(1} The basins are representative of the different environ­

mental and hydrologic conditions encountered in the llanos. 

Each basin is located within a different Land District. 

(2) 	The availability of remote sensing data. 

(3) 	Hydrologic and meteorologic information are available for 

the period when the remote-sensing data were recorded. 

(4) 	The availability of background information on the geology, 

vegetation and soil characteristics of the area. This 

information can be used as an aid in the interpretation of 

the remote-sensing data. 

Information on precipitation and temperature for the area, as 

well as other climatological 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 have been ins­

talled in several new locations· (Figure 31} but information on tem­

perature, radiation and evaporation are still lacking. 

From the available data, it has been deduced that precipitation 

occurs in a very definite season from late April until late 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 

in the southern sector (Carabobo and Puerto Paez) and minima in the 

north-eastern sector (San Fernando and Corozo Pando), as shown in 
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Figure 3.4 Cinaruco River basin map. 
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Figure 3.5 Capanaparo River basin map. 
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Figure 3.6 Matiyure River basin map. 
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Figures 3.8 and 3.9. 

Temperature data are available for only few stations, within 

the study area. From the analysis of the available data it can be 

concluded that temperature variations over the year are very small, 

averaging 2.5 °C. The daily variation is approximately 10oc. 

With regard to soils, the information for the study area is 

also sparse. Some studies have been carried out at a reconnaissance 

level, by Desarrollo Industrial Agricola C.A (OIACA C.A, 1958), Co­

merma and Luque (1971), Shargel and Gonzalez (1973) and Ministerio de 

Obras Publicas (1975). These soils studies are concentrated in the 

northern portion of the study area mainly 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 Comerma and luque(l971). were 

selected as the main sources of reference. There are two reasons for 

this. First,the soils are mapped at 1:500.000 which is a scale suitable 

for comparison with LANDSAT data. Other reports show more detailed 

information, but only for 1 imited areas. Second,the vegetation and 

moisture conditions were used as elements in the classification. 

Comerma and Luque (1971), identified four important landscapes 

within the Apure L1 anos physiographic region. Tne;5e are the Piedmont, 

the Flood Plain, the,Aeolic Plain and :the High Plains.• ·The soil.studjes, 

however, were only carried out in the last three regions. The 7th 

approximation was the classification system used, and the results are 

presented in abbreviated form ·in Table 3.I and Figure 3. 10. 

As far a·s vegetation is concerned, Sarmiento and Monasterio 
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TA!lLf: 3.1 

~- . , ... LANDSCAPES, SOIL TYPES, VEt;ETATION AND DRAINAGE CONDITIONS IN TilE STUDY MEA 

LAriD SYSTEM1 
______S_QILS ------­ ----·----------­

LAND DISTRICTS lANil TYPE2 ORIJEil SllllORO[R 

Area with anastomosic 
drainaqe, gallery River banks Incept! sols Fluvents 
forest and subjected 
to flooding. 

APUP.C-MAUCA 11 0ajfOS 11 !ncept~$01s "-·· ... -· ...n•p.n;,;p~o;, 

------­-­ --­
"Esteros" yerU1iQ}L____ _ u_rre~.s 

Area with meander! ng - "Bajfos" Inccptisols 1\quepts & 
rivers, without Fluvents 
qallery forest and -----= LmiLI\ND 
subjected to flooding "Esteros" Entisols Aquents 

-­ ------­
Area subjrcted 

Riv~r banks Inceptisols Fluvents 
Alfisols Us ta lfs 

to occasional -----·---­ ___ .. ···--· -----·­ -··· . ~------

"Bajfos" I ncepti so 1 s Aquepts 
flooding. -----·-----­------­

"Esteros" Vertisols Uderts and 
Usterts 

Cf.?:,~:,~,r>,\~(1 

Sand dunes Entisols Psantnents 

SN:r>Y 

Sand field and Ultisols Ustolts 

PLI\!115 
flat surfaces flxisols Ustoxs 

Ultisols Ustolts 
WII\RUCO Smooth rolling hills 

Oxisols Ustoxs 
IJI~H 

PLA!tiS 
Flat surfaces Ultisol s Aquults 

'' 
••. •... f-.·.. 

1. la~d sy~t~~ is an area of land with a recurring patterh of land forms, 
sofls and vegetation. (Lacate, 1969). 

2. r-and tlpe is a land area with a cha.racteristic parental material with 
a fairy h~nogeneous soil and veqetation chronosequence. (Lacate, 1969). 

DtSCRIPTION 

Medium to fine 
texture, and acid 
soils. 

Texture medium to 
fine, gray colour 
and yellow mottled. 

-
tfi dromorphi c soils, 
with medium to fine 
texture anrf low 
or9ilnic matter 
content. 

So i1 s formed by
931 sand and 2-5% 
of clays. Orgilnic 
matter only is 10 
to 15 em depth. 

Sandy ·soils with 
deeper organic
matter layer 
( 15 em).
Plynthite at 50 to 
100 em depth. 

~ledium texture, 
red, and lower 
organic matter 
content soils. 
(pll 5.0). 

Medium texture 
with s 1 ope 1 ess 
than 0.5%. 

VEGETATION DRAINAGE CONDITIONS 

Trees: Samanea saman (saman), 
Guazuma ulmlfolia (guhimo), Well to poorly drained soils. . 
Grasses: Leersia hexandra -. 
( l ambedoraT; -P-arii cum Poorly drained soils. 
illJ>hantipes (paJa oe agua). 

',. 
Grasses: PjspalLnh faciculatum Poorly drained (internally 
Hilld (game ote c iguirerol7":"" as well as externally).

Areas-with well drained 
soils only along the main 
rivers: Arauca and 1\pure.·---------------­
Poorly drained soils. 

Grasses: Ourinq the rainy season 
•this 11rea is covered by a 

~xonopus sp shallow laver of water 
~~hich is lost by evaporation. 

Trees: B~rsonima and 
Curatella {chaparro), 
BoWdltchla virgiloides, H.B.K. 
(a1 cornoque). Very well d~ined soils. 
Grasses: Trachvlogon sp (paja
saeta), Paratner a ~rostrata 
(paja carretera). 

Trees: Mauritia minor, Burret 
(palma moriche) along the \lell to poorly drained 
river channels. soils. 
Paratheris prostrata (paja 
carretera ). 

Trees: Some isolated and 
small groups of trees can be 
found, I~here the p 1 i nthite is Hell drained snils. 
discontinuous. Grasses: 
Trachl~ogon se (paja saeta). 

Grasses: Trachypoqon sp tredium to poorly drained 
(paja saeta), Paspalum soils. 
plicatulum, Micnx (gamelotillo) 

w 
U'1 

Based on: Comerma•.and ~U!Jue.• (19_71). 
--~_.,:- -·~-- ~-~---- _·,:::~;>- 3~-~:·~~~-!~~r:~i:-~:~~-; ·­
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(1969) found four different areas within theVenezuelan Llanos. These 

areas were designated as: 

(1) Tropical Deciduous Seasonal Forest, 

(2) Semi-evergreen Forest, 

(3) Wet Savanna, and 

(4) Dry Savanna. 

The approximate extent of each of these areas is shown in 

Figure 3.11 . 

Detailed studies of the vegetation communities in the study 

are do not exist. Analysis of the distribtttion of the dominant veget­

ations communities (savannas and forests) t:owever, has been carried out 

as supplementary information for the soil and geomorphological studies · 

by DIACA C.A (1958) and Comerma and Luque (1971). 

The present study area corresponds to the so called dry 

savanna of Sarmiento and Monasterio (1969). Significant variations in 

vegetation communities occur, however, within this region. The variations 

are a result of different soil types and moisture conditions encountered 

in the reqion • ., 

3.3 	 Remote-Sensing Data. 

The remotely-sensed 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 fixed point on the earth's equator. This 

type of orbit allows the system on board t:1e satellite to record data 

on a continuous basis. 
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Figure 3,11 Venezuelan Llanos: vegetation regions. 

Source: Sarmiento and Monastertos (1969) 
(p. 581 ) 
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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 

of sun activity and thus will not be considered in this research. 

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

west to east in eight visible and two infrared spectral channels. A 

complete image of the earth's disc is reconstructed from north to south 

every 18.2 minutes. The maximum resolution is 0.7 km for the visible 

bands (.55 to .70 ~m) and 8.0 km for the infrared images (10.5 to 12.6 11m). 

The SMS-GOES satellites are able to relay information from 

Data Collecting Platform (DCP's). The system fs capable of handling 

a maximum of 10.000 DCP's. 

The imagery used in this research was obtained from the National 

Oceanographic and Atmospheric Administration (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 \'/ere placed· in a 

sunsynchronous orbit allowing the observation of the same point on the 

earth's surface every 18 days , approximately at the same local time. 

Three sensor systems are mounted in the spacecraft, the 

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

Data Cell ecting System (DCS). The MSS and the RBV systems generate 

images of the earth's surface beneath the spacecraft. The DCS relays 

information (eg. temperature, stream levels and wind velocity) from 

remote Data Co1lection Platforms (DCP's). The bto latter systems were 

not used in this project and thus will not be considered in it. 
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The Multispectral Scanner Systerro (MSS} oscillating mirror 

continuously searchs information in a strip 185 km wide from directly 

beneath the satellite. The reflected energy is recorded simultaneously 

by six detectors grouped in four spectral bands from 0.5 ~-to 1.1 ~· 

The instantaneous field of view (IFOV} for each detector is 

a rectangular area at the earth's surface measuring 79 mona side. 

Every 9.95 J.!Sec the rectangular surface is sampled in the crosstrack 

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

Each rectangle of approximate1y 79 x 56 m is called a picture 

element or pixel. Approximately 3,200 of them are generated in each sweep. 

The data is recorded continuously. As each image contains around 2,400 

lines, more than 7.5 x 106 pixels are thus generated for each spectral 

band. 

The reflected energy is focused onto a detector which measures 

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

the reflected energy is recorded as a numerical value from 0 to 63. The 

value 63 is equivalent to the highest arr.'{)unt of energy and 0 to the 

lowest. For each pixel four different values are recorded corresponding 

to each of the four spectral bands. Normally the set of four values is 

called the spectral signature or intensity vector for the pixel 

(Howarth, 1976). 

The data can be either recorded or transmitted in real time. 

In the Venezuelan case, 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 stations (U.S.A or Brazil), when 

the satellite is within reception range. The data may be analyzed in 
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its digital format or may be transformed into imagery covering 185 x 

185 km. 

The LANDSAT imagery and computer compatible tapes were avail­

able as a result of a cooperative programme established in April, 1972 

between the former Ministerio de Obras Publicas (now Ministerio de los 

Recursos Naturales y del A~biente), Direcci6n de Cartograf1a Nacional, 

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

of the United States. 

The imagery was processed and supplied by the Departamento 

de Sensores Remotes, Dtrecci6n de Cartograffa Nacional (Venezuela). 

Colour composites and computer compatible tapes were obtained from the 

EROS Data Center, of the United States Geological Survey. 

3.4 Ground Data 

Ground information for the present study was obtained from 

the publications by Desarrollo Industrial Agricola ·C.A (DIACA), 1958 

and Comerma and Luque (1971). The purpose of their studies was to 

provide information about the w~ors landforms, soil types and vegetation 

present on the Llanos de Apure. The info~~tion contained on the maps 

and in the report was considered suitable for this research. This 

information was selected, due to the impossibility of carrying out 

detailed field work for this report. 



CHAPTER 4 

APPLICATIONS OF GOES-1 DATA TO HYDROLOGIC DISTRIBUTED MODELS 

4.1 	 Introduction. 

This chapter considers the meteorologic satellite data (GOES-1) 

as a source of distributed information on precipitation that can be 

applied in hydrologic models. The evaluation was carried out to meet 

two objectives: 

(1) 	 To test the value of meteorological satellite data in 

analyzing the temporal and areal distribution of precipi­

tation, 

(2) 	 To select an adequate method for estimating precipitation 

from satel iite data. 

4.2 	 Analysis of GOES-1 Data. 

The material used in this research consisted of weather fac­

similes (WEFAX) and photographic copies ft'cm GOES-1 satellite. The 

WEFAX originals were reproduced from the archives of the Ontario Centre 

for Remote Sensing using a 35 rm1 camera loaded with high contrast film. 

During the reproduction process care was taken to maintain the same 

illumination thereby avoiding data distortion. 

The GOES-1 data is available in two spectral bands, one visible 

and one thermal infrared (Table 4.1 ). Temperature enhancement of the 

infrared data is carried out to aid the identification of significant 
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NO Fo:mzat 

1 Full Disc 
WC-1 

2 UC-1 

3 WB-1 

4 Full Disc 
IR 

5 UC-1 IR 

After: Corbell 


TABLE.4.I 

FORMAT OF GOES-1 

Speat:r>aZ Band 

Visible 


Visible 


Visible 


Infrared 


Infrar·ed 


et a1. {1976) 

(75°W 0°} 

ReaoZution 

3.7 km 

3.7 km 

1.9 km 

9.3 km 

9.3 km 

AvaiZabit.ity 

At CDDF and EDS 

Transmitted (WEFAX) 

At CDDF and EDS 

Transmitted (WEFAX) 

Transmitted (WEFAX) 

.c:. w 
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clouds and surface features (Figures 4. 1 and 4. 2 ) • 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 Temporal and Areal Distribution. of Precipitation 
based on Goes-l Oata. 

Analysis was carried out using data from the WEFAX system. 

Due to resolution limitation of this system the analysis had to be 

carried out over the Apure Llanos as a whole. Using hard photographic 

copies or digital data it should be possible to obtain higher resolution 

for the study of sma11 er areas. 

The imagery used in this research was recorded between June 1st 

and July 15th 1977, before the maximum activity of the Intertropical 

Convergence Zone (ITCZ) occurred over the study area. 

The ITCZ 1 has been identified as the most important factor 

controlling weather over tropical areas, its effects being primarly 

reflected in rainfall activity. On an individual satt:llite image, the 

ITCZ exhibits a complicated structure comprising several cloud clusters 

separated by clear skies (Holton et al., 1971). 

With regard to the study area, the passage of the ITCZ produces 

a noticeable increase in precipitation as seen in Figure 3.8 and 3.9. This 

occurs form April to November with a maximum around July. The months 

of April, July and November correspond to the advance, maximum activity. 

1 	 The ITCZ is a narrow east-west band of heavy cumulonimbus convection 
resulting from the contact of the tv1o trade winds. It produces heavy
precipitation. 
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Figure 4.1 GOES-1 mage of the visib1e spectral band (WC-1) 
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t 14:00 24AU76 13A-Z 0006-1640 FULL DISC IR 


Figure 4.2 GOES-1 image of the thennal infrared spectral band. 
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and retreat of the ITCZ respectively. The location and deg.ree of inten­

sity of the ITCZ can be observed using the Flull 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 lOth 1977 (Table 4. II 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 resolution of GOES-1 data is 1.9 k~WB-1 Sector) in the 

visible band and 9.3 km (UC-1, IR) for the thermal region in the type 

of data used for the stQdy area. 

Rain-producing clouds such as cumulonimbus, cumulus congestus 

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

ly large areas, particularly in tropical areas. Therefore, their 

detection is not difficult using high resolution satellite imagery. 

4.2.2 Precipitation Estimates Using GOES-1 Data. 

The areal variability of precipitation is. a major problem 

when estimating average rainfall over large areas. The methods avail­

able (Arithmetic Mean, Thiessen Polygons and Isohyetal) are highly 

dependent on rain gauge distribution. None of the above techniques 

can be relied upon when dealing with large and poorly instrumented 

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 precipitation is must likely to occur. Catalogues for 
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TABLE 4. II · 

GOES-1 IMAGERY RECORDED 
ON JUNE 10, 1977 . 

Date 	 Format 

June 10, 1977 	 DC27N90\~-1 

OC27N69W-1 

OC27N69W-1 

DC27N69H-1 

full Disc IH 

OC27N69W-l 

DC27N69i4-l 

OC27N69W-1 

OC27N69~4-1 

Time 
GUT 

10:30 

12:30 

13:00 

·16:30 

17:00 

18:00 

19:00 

19:30 

20:01 

Lo:::a.~ 

06:30 a.m 

08:30 a.m 

09:00 a.m 

12:30 p~m 

01:00 p.m 

02:00 p.m 

03:00 p.m 

03:30 p.m 

04:01 p.m 

Source: Ontario Centre of Remote Sensing (GOES-1 Archives) 
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12:30 GMT 16:30 . GMT 

17:00 Gt1T 18:00 GMT 

20:01 G~1T 

Figure 4.3 GOES-1 image sequence taken on June 10, 1977. 
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for identifying the different types of clouds have been published 

(e.g Conover, 1962). 

Several methods have been developed to estimate precipitation 

using meteorological satellite data. Fo11ansbe (1973) developed a method 

based on Barrett's approach for estimating 24 hr. rainfall from satellite 

imagery. The method, although empirical, has been found useful and its 

application has produced satisfactory results in several areas of the 

world, notably in the United States (Central and South) and Zambia•. 

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

identification from the satellite imagery. The. following equation is 

then applied: 

Re = KzC1+ K2Cz+ K3C3 
100 

where: 

Re= 24-hr variable estimate for the area,in inches 

C1 , C2, and C3= are the percentages of the area covered by 

the rain-producing clouds: cumulonimbus, 

nimbustratus and cumulus congestus. 

K1 , K2, and K3= are empirical coefficients for each of the 

different cloud types. 

Several applications of the method have shown that optimum 

values for the coefficients are: K1 = 1.0, Kz = 0.25 and K3 =0.02. 

Th€refore the final equation is: 

Re = 1.0 C1 + 0.25 c2 + 0.02 C3 

100 

The coeff'icients are calculated using the formula: 
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K = _R_ 
c 

where: R = is the average of the rain collected by all 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 (preferably one 

in the afternoon) is representative of the day. Also it can be observed 

that the maximum estimate of precipitation that can be obtained by this 

method is 25,4 rrm (1 inch) for a 24-hr period if the selected image of 

the area under study displays 100 %cumulonimbus cover. 

Using the continuous coverage of GOES-1, the risk of selecting 

an inappropiate representative image can be avoided. Furthermore, it 

has been found that in tropical areas large amounts of precipitation can 

fall late in the evening or at night. 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 clouds is limited by the resolution of 9.3 km. 

It has also been found that in tropical areas, particularly 

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 Venezuela) and found that 

the coefficient for cumulonimbus (1.0) must be multiplied by 3 to 

produce better estimates during the rainy season. 

To be able to apply this method to hydrologic distributed 

models, some modifications are required. These will be discussed in 

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, 

is 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 

to estimate precipitation values over large areas .for time intervals 

of less than 24 hr. 

The time interval most frequently used in hydrologic models 

is 1 hr. For this time interval the values of K are obtained using the 

average rain (R) of all the stations in the area for the 1 hr-period 

and the percentage of each type of cloud cover on ttre image taken at 

the time of precipitation measurement. 

The use of GOES-1 data is limited by its resolution. For 

distributed models, the minimum area over which rainfall estimates can 

be obtained using the WB-1 Visible Sector format is of the order of 

1.9 x 1.9 km (3.61 km2). 

The selection of the size of the unit element must be based 

on the following factors: 

(1) The resolution of the satellite data 1as already mentioned, 

(2) The size of the area to be studied, 

(3) The amount of information required. 

The time interval over which the calculations are carried out 

for each one·of the unit elements is determined by: 

(1) Time interval of data acquisition by the satellite, 

(2) Time interval of the hydrologic model. 
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When the size of the unit element and the time interval have 

been selected the process is quite straightforward. and the steps to 

follow are: 

(1) Identification of the unit element in which cloud or 

cloud clusters occurs (Fig. 4.4 ) 

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

percentage of cover of each one of the types 

(3) At unit element level the weighted coefficient is 

calculated and applied to estimate precipitation. 

Uneven distribution of rain g.~uges. discontinuous information 

and delay in data distribution are problems that ha.ve to be solved when 

studying large drainage basins. It can be concluded that GOES-1 satel­

lite :·data can be used to partially overcome these problems because of 

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

operation. 

• 
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CHAPTER 5 

EVALUATION OF LANDSAT DATA 

5.1 Introduction. 

The objective of this chapter is to demonstrate the possibil ­

ities of LANDSAT data, as a source of infonnation in detennining 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 

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

several LANDSAT images are required to cover the study area, 

as shown in Figure 5. l • Because of this, a selection of representative 

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

as Aand B in Figure 5. 1 . In the selection of the images care was 

taken to include all the environmental conditions of the study area. 

From the computer list, imagery was also selected to represent 

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

terest for the analysis of seasonal variations in vegetation cover, 

surface water and surface soil moisture. 

Only one CCT \vas available for this project and that was 

the image E-2029-14142 recorded on February 20, 1975 by LANDSAT-2. Part 

of the Matiyure River basin is covered by this tape. 

The information was extracted from the appi~opriate data sources 

using visual, optico-mechanical and digital techniques. Instruments 
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located at McMaster University~ the Ontario Centre for Remote Sensing 

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

5.2 Visual Analysis. 

5.2.1 Introduction. 

Visual analysis was carried out using imagery of the three 

basins, namely Cinaruco, Capanaparo and Matiyure. However in this 

section only the results obtained in the Cinaruco and Capanaparo basins 

will be discussed. The results for the Matiyure basin will be consider­

ed in the section on digital analysis. 

To generate the photographic products the reflectance values 

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

generate 15 gray tones, including black and white. This process is 

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

trasnparencies of approximately 1:3,3 million scale on 70 mm film. From 

these~ enlargements 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 form, a degradation of data occurs. Alfoldi 

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

photographic process is difficult to maintain. (2) The radiometric 

range and resolution is lowered in the photographic product. (3) The 

spatial resolution is also degraded. It has been found, however~ that 

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

photographic product. Alfoldi {1975) holds that the advantages of the 
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Photographic products are: (1) Less expansive than digital tapes, (2) 

Easy to handle and store, {3) Less vulnerable to damage, {4) The format 

is familiar to greater number of people, (5) The information contained 

in an image is easily extracted without any sophisticated instruments 

and (6) The machinery to enhance the photographic data is 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 this 

material was based on the fact that the photographic transparencies has 

better definition than photographic paper. 

The visual analysis of LANDSAT i;rrages 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 Visual Analysis of Single Data Inage. 

From the group of images available for the area selected and 

identified as B in Figure 5.1 one set of images was chosen to carry 

out the visual analysis. It consisted of colour composite numbers 

E-1086-14194 and E-1086-14201 recorded on October 17th 1972. During 

the interpretation process the black 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 evaluate LANDSAT data as a primary 

source of information, no references \t~ere made during the analysis to 

the available ground information. The results of the interpretation 

hmvever, \t~ere compared later on with the \lt'Ork produced by DIACA C.A (1958) 



and Comerma and Luque (1971). 

The first step was the identification of the image classes 

based on normal photointerpretation procedures. The process was carried 

out using r_egular magnifying glasses (8X} and a Baush and Lomb Zoom 

240R Stereoscope and the Richards Light Table. From this stage a map 

shown in Figure 5.2 was produced depicting the classes occuring with­

in the two basins selected. 

During thjs process six classes were found and they were 

identified as follows: 

Class 1. This class includes black and blue areas of smooth 

texture, representing open standing water (lakes and pounds) 

and rivers. The black and dark tones are mainly due to the 

high absorbtion of infrared energy by water. To obtain better 

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

Band 7 {.8 to 1.1 ~) in which water has its most characteris­

tic spectral response. 

Class 2. This spectrally distinct class has surfaces display­

very lights tones and smooth to medium texture. In some 

cases this class has linear or irregular forms corresponding 

to fossil sand dunes and sand fields. 

Class 3. Areas depicting pale blue to blue-brownish tones and 

medium textrue were delineated in this class. These areas 

are bare ground {blue tones) and areas with very little 

vegetation cover. Frequent1y they represent areas that have 

previously been burned (blue-bro•Nnish). 
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Figure 5.2 	Visual interpretation of LANDSAT image.colour 
composites E-1086-14194 and E-1086-14201 recorded 
on October 11, 1972 
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E-1086-14201 recorded on October 17, 1972. · 
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61 

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 correspond 

to dense vegetation mainly along the rivers (gallery forest} 

and small areas on the Plains. 

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

tones but with a medium texture indicating burned areas. 

All six classes can be considered as fairly homogeneous, al­

though a more careful analysis shows that there are several transitional 

classes and sub-classes within those already identified. With the 

limitations imposed by the size of the area that can be cartographically 

displayed ( 4mm2 ), no attempt was made to separate or map them. It 

must be emphasized however that enlargements at 1:500,000 and 1:250,000 

scale may be used as an image base for more detailed mapping. 

The information that can be gathered about soil characteristics 

from LANDSAT visual analysis can only be inferred from landforms, vegeta­

tion cover and spectral reflectance characteristics. In Figure 5.3 the 

map produced is presented, 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 visual analysis particularly in land use/ 

land cover suggest that digital analysis can perhaps provide more detail­
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Figure 5.3 Soil interpretation using LANDSAT,colour 
composites E-1086-14194 and E-1086-14201 
recorded on October 17~ 1972. 



-

1. Gentle rolling terrafn·wfth sandy soils.: . 
2. Gentle. rolling terrain wtth sparce sand dunes. · 

.3. Gentle rolling terrain wfth sparce sand dunes and wide "bajfos"·.
4. Gentle rolltng terratn wtth numerous narrow "baJfos" and sand dunes. 
5. Flat terrain with •bajfos•; poor drainage and sand dunes.
6. Flood plafn. 

Saturated soils on wet seasons. ,',.----,,... ____ _
' ... 

Figure 5.3 Soils interpretation using LANDSAT colour composites E-1086-14194 
and E-1086-14201 recorded on October 17, 1972. 
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eel 	 infom.ation. 

5.2.3 Landsat Temporal Analysis. 

The objective of this part of the research was to evaluate 

multidate LANDSAT data for monitoring environmental changes.. Emphasis 

was given particularly to: (1) Vegetation cover (seasonal changes and 

effect of fire), (2) Surface water, and (3) Soil moisture variations 

( ~;pper zone ) • To carry out this eva1 uation two images of the Capa­

naparo c.:-c Cinaruco river basins representing DRY and WET conditions 

were selected. 

Tt~'O approaches were used to test the LANDSAT data: (1) Regular 

viscal analysis following the technique already discussed in section 

5.2.1 and (2) Density slicing. 

Visual Analysis 

In the previous section the result of the visual analysis 

perfo~~d with the images of October 17th 1972 was presented. The 

imagery used in that case was recorded two months after the peak of 

the rainy season. The imagery used in this section was recorded on 

tiarch 1oth 1973 {peak of the dry season). Unfortunately no image was 

available for the southern portion of the area. 

In Figure 5.5 the map produced from the interpretation is 

presented. From a comparison of the two visual analyses, several 

conclusions can be drawn: 

(1) 	 An increase of bare surface is apparent on the image 

recorded on March lOth. This is due to a decrease in 
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Figure 5.4 Soil map of the study area 
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Lal: Gentle rolling terrain. SandY soils. Lml and Lm2: Gentle rolling terrain 
La2: Gentle rolling terrain. Sandy soils with latherite. with sand dunes. Areas 
Lbl and Lb2: Flat terrain with "bajios 11 and poor drainage. designated as Lml have 
Lb3 and Lb4: 	 Flat and gentle rolling terrain with "bajios" wide "bajios", and Lm2 

and "esteros", as well as small areas of sand narrow ones. 
dunes. V5: Flood plain. 

0\ w 
Figure 5.4 Soil map of the study area. Scale 1:1,000.000 Source: DIACA (1958). I» 
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Figure 5.5 Visual interpretation of image taken 
on March 10, 1973. 
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Figure 5.5 	 Visual interpretation of image taken on March 10, 1973. 

For description of the classes visually interpreted, refer to pages 59 and 61. 

•."!:~,---:'..;.: ·1'-i.... :~· -· ·-· "-· ....... 

0\ 
.0:. 



65 

vegetation cover that in turn results in a decrease of 

spectral reflectance, particularly in the infrared spec­

tral region (diminishing the red shade in the colour 

composite). Although, some sectors are still showing 

vegetation response, this is mainly along the rivers 

were the water supply is more stable even during the 

DRY 	 season. 

(2) 	Changes in the area of surface water are easily observed. 

The contrast between the DRY and WET-seasons is particu­

larly 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 infiltration· characteristic 

of sandy soils. It was found by Comenna 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 7. 1973 (maxima of 

DRY season) nene of the water bodies observed on October 

17, 1972 can be seen. However, some depresed areas which 

were occupied by water on October 1972 showed tonal charac­

teristics (browinish -red shade in the colour composite) 

of vegetation as can be observed at locations A and B 

in Figure 5.6 • The occurrence of v_egetation in those 

areas and no in others can only be explained by the 

existence of some moisture in the soil, condition no 
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Figure 5.6 Variations in surface water bodies. 
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' LANDSAT image 1086-14194 recorded on October 17, 1972. 

LANDSAT image 1230~14203 recorded on March 10, 1973. 


Figure 5.6 Variations in surface water~ bodies and vegetation cover. 
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apparent in the sorrounding areas. 

{3) 	 Due to the characteristic spectral response (low 

reflectance), saturated sons can be easily observed 

using LANDSAT Band 7 (.8 to 1.1 llfll). 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 differentiation between classes is difficult, 

particularly if their tonal characteristics· are very similar. A density 

slicer is used for studying density variations in a single image. The 

instrument separates different gray levels and assigns to them different 

colour-s •. Therefore tone identification is changed to hue discrimina­

tion (Alfoldi, 1975}. It is important to emphasize that the meaning or 

environmental significance of each one of the assigned colours has to 

be established by the interpreter. 

Problems were encountered during the densi.ty slicing process, 

being the inconsistencies in the quality of the photographic products 

the major one. Despite this limitation some attempts were made and 

good results were obtained when the features identified were spectraly 

distinct from their background, like water and sand. The result of one 

case study is presented in Figures 5. 7and 5.8 • This material was 

obtained through the density slicer at the Canada Centre for Remote 

http:densi.ty
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Figure 5.7 Density s1icing of LANDSAT image: Case A 
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LANDSAT IMAGE 1~6-14194 taken on .. October 17, 1972 

·'¥··.

Density level corresponding to water and wet soils 
., ::_'_:~-,. 

Figure 5.7 Density slicing of LAND3AT image: Case A 
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Figure 5.8 Density slicing of LANDSAT image Case B 

·.~. 



! 
Black and white .monitor display of October 17, 1972 image. 

Color display of October 17, 1972 image. 

Blue, Hght blue and green: sand dunes and sand fields. 
light brown: grass and shrubs. . 
Yellow: tall shrubs, dense vegetation (gallery forest) and wet soils. 
Red: Water and saturated soils. · 

Figure 5.8 Density sl·icing of LANDSAT image C~se B 
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Sensing. 

5.3 Digital Analjsis of Landsat Data. 

A computer compatible tape of image E-2029-14142 recorded on 

February 20·, 1975 by LANDSAT-2 was used in the ~igital analysis. The 

amount of information stored in each one of the LANDSAT scenes is 7.5 x 

106 four dimensional vectors. If the informat-ion required has to be 

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

digital systems. 

Due to the size of the area to be analyzed, it v1as decided to 

select test areas. These were identified as MAT-1, MAT-2, t1AT-3 and 

MAT-4, named after the study area (Figure 5.9 ). All the areas cover­

ed 512x512 pixels ( 40 x 28 Km). The classification procedures were 

applied to MAT-1 to generate 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 Digital Data. 

For processing and extracting infonnation from LANDSAT digital 

data, several systems have been developed. 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 Sensing (CCRS) and used in this research are given 

in Table 5. I and Figure 5. 10. 

After the tapes are loaded on the Image 100, the data can 

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

1975). Up to three of four bands can be displayed at one time, to 
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Figure 5.9 Location of the test areas MAT-1 

~1AT-2, MAT-3 and MAT..;4. 
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COf~PUTER 

OPER/UOR 

INPUT 

DISPLAY UNIT 

CONTROL UN IT 

OUTPUT 

TABLE 5.I 

IMAGE 100 CHARACTERISTICS 

PDP 11/40 within the system 

f..ssi gned 

Two tapes drives, and the memory to feed the 
image into the CRT. · 

Colour T.V. Screen (CRT) .. Eight themes {8). 
Cursor with varied size and shape. 

Two units:l.Djgita1 processing logic unit used 
to select several functions to car­
ried out the analysis of the data. 

2.Tektronix display unit, is used in 
selecting programmes to operate the 
system. Also displays statistical 
results. 

1. Copies of the Tektronix products. 
2. Gould Prir:ter (scaled or unsealed)
3. Tapes to be processed via EBIR. 
4. CRT: di sp1ay. 

based on Howarth (1976) 
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produce colour composites. The four channels can also be displayed one 

by one fn 	 black and white on the Cathode Ray Tube (CRT). 

The system is capable of performing several enhancement 

(pre-processing) such as ratioing, normalization, spectral transformation 

such as principal components and contrast stretching. None of these 

techniques is considered a classification procedure, although they can 

be of great help during the classification process. Outputs of these 

procedures can be obtained through any of the output units (Gould print, 

Line printer and CRT). 

One of the previously mentioned technique called breakpoint 

was used to make subtle tonal differences in the original scene more 

obvious. This method was applied to Band 7 to differentiate burned 

areas. The result 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 the three areas delineated correspond to~ 

(1) Recent 	burned areas (note the smoke plume), 

(2) Burned areas with vegetation regrowth 

{3) Old burned areas 

In Figure 5.12 and 5.13 two colour composites are shown, one using 

the regular bands and the second one composed of the r~gular Bands 7 

plus Bands 4 and 5 enhanced (contrast stretching). In the second 

colour composite, it can be observed that the tonal (spectral) dif­ .. 
ferences resulting from vegetation are greatly enhanced (Fig. 5.13) 

5.3.2 	 Digital Analysis Procedures. 

These are two procedures for analyzing LANDSAT digital data 
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Figure 5.11 Breakpoint enhancement technique: Gould Printer output 

(1) Recent burn 

(2) Burned areas with vegetation regrowth 

(3) Old burned areas 
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Figure 5.12 	 Colour composite of ~ands 4,5 and 7 
displayed on the CRT of the IMAGE '100 

' 	 . 
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Figure 5.13 	 Colour composite of Bands 4 and 5 

stretched and normal Band 7 produced 

by the I~tAGE 100 {CRT) 
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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 assigned to 

each one of the clusters and they are di~played. on the CRT. The mean­
- . ­

ing or environmental significance of the individual classes must be 

established by the interpreter. Several algorithms can be used to 

perform the unsupervised classification, the Migrating Means and the 

4-0 Histogram being the most corrmonly used procedures. 
-- -- . - - . -~ . - - - ·-· 

The algorithm used to carry out the unsupervised classification 

was the Migrating Means. It was applied only to the test area desig­
. . . 

nated as MAT-1. The result of the unsupervised classification is shown 

in Figure 5.14 

The classes obtained in the unsupervised classification ~ere: 

Class 1: vegetation, basically gallery forest. 

Class 2·: vegetation, mainly sh_rubs•. 

Class 3: area showing regrowth of vegetation 

Class 4: burned areas showing very little vegetation regrow. 

Class 5: recent burn 

Class 6: grasses 1 

Class 7: sandy soils 

Class 8: grasses 2 

The final unsupervised classification for the test area 

MAT-1 was filtered using a Nearest Neighbour Algorithm. This algorithm 

is used to eliminate the isolated pixels giving a "cleaner" appearence 
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Figure 5.14 Unsupervised classification for 

MAT-1 test area · 
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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 

The signatures files used in HAT-1 were saved on 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 same signature files were applied to the whole scene and the results 

were consistent as shown in Table 5.il • It must be pointed out that 

this file extension method produce good results in the study area, be­

cause of its simplicity. In Figure5.17the final unsupervised clas­

sification filtered (3x3 strong) 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. Those areas 

(training sets) are selected based on ground information 

or on the interpreter knowledge about the area. 

(2) 	The system analyses the spectral properties of the 

training areas, using a procedure known as "one dimensional 

signature acquisition" described by Economy et al. (1974) 

(3) 	All the pixels within the screen which have similar spec­

tral signatures to those selected in the training areas 

are placed into one class) and displayed as one colour 

on the CRT. 
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Figure 5.15 Final unsupervised classification produced via EBIR 
for MAT-1 test area. 

Class.# 1 Forest (Ul,acJ Class # 5 Recent burn (green) 

Class # 2 Shrubs (pink) Class # 6 Grasses 1 (turquoise) 

Class # 3 Regrowth (bZ:;.e) Class # 7 Sandy soils (beige) 

Class #.4 Burned areas (red) Class # 8 Grasses 2 (yeZ.Zow) 
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Figure 5.16 	 Final unsupervised classification produced via EBIR 
for MAT-3 test area, using signatures files created 
on MAT-1. 

Class # 1 Forest (Zi~J Class I 5 Recent burn (green) 

Class # 2 Shrubs, tall grasses(pinkJ Class I 6 Grasses 1 (turquoise) 

Class # 3 Regrowth (blue} Class I 7 Sandy soils (beige) 

Class # 4 Burned areas (red) Class I 8 Grasses 2 (yellow) 



TABLE 5.II 

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

TI-lE TOTAL SCENE (%) 

CLASS MAT-1 MAT-2 MA'l'·J MAT-4 'l'OJ'AL SCENE' 

1 1.87 0.56 3.78 7.37 	 2.88 

2 3.87 2.34 5.14 8.35 	 5.79 

3 7. 77 5.51 15.89 28.91 	 13.54 

4 14.39 14.79 24.03 31.38 	 20.84 

5 17.85 4.02 7.07 5.91 	 6.11 

6 28.96 33.02 13.78 7.70 	 18.81 

7 9.77 1.25 3.36. 2.10 	 3.88 

8 12.17 28.71 9.36 2.28 12.90 


CLASSIFIED 96.65 90.20 82.41 94.00 ~4.75 


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 
extension. The re~tiveZy larg~ percentage of unclassified pixels in ~T-J and total 
scene~is due to the oacurence of classes (sand-dunes and alouds) not present in MAT-1 
(Figures 5.16 and 5.17). CX) 

w 
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Figure 5.17 Final unsupervised classification produced via 
EBIR for the U.NDSAT scene E-2029-14142. 
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Figure 5.17 	 Fina1 unsupervised classification produced via 
EBIR for the LANDSAT scene E-2029-14142. 
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{4) 	 The procedure is repeated for 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. 

Three 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 

unsealed. 

The themes obtained for HAT-1 using 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 	differences between Grass #1 and #2 are mainly due to soil 

conditions rather than structural 	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/land cover as well 

as some soil characteristics over large areas. 
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Figure 5.18 Final supervised classification produced
via EBIR for MAT-1 test area. 

THeme # 1 Burned area (green) Theme # 5 Grass 2 {pink) 

Theme # 2 Vegetation Shrub(yellow)Theme # 6 Water silty {turquoise) 

Theme # 3 Water {clear) (blue) Theme # 7 Forest (lilac) 

Theme # 4 Grass 1 (red) 
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Various levels of infonnation can b~ gathered from LANDSAT 

. data. The visual analysis, although highly dependent on the. scale _of 

the image used, produce useful infonnation. 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 unsupervised eight were identified. The signature files developed 

in HAT-1 were extended to the whole scene (32,400 km2) and acceptable 

results were obtained.( Table 5.II ). 

The information extracted using any of the systems of analysis 

applied can not be used directly in the models. It has to be transform­

ed in order that it can be incorporated into the perffnent equations. 

Others have suggested that land use/land cover affect such 

hydrologic processes as evapotranspiration and infiltration•. Many 

models, particularly those need in urban, agricultural and forest hydro­

logy, considered land use/land cover as a very important elements. One 

example is the Holtan (1971) infiltration equation expressed as: 

f= FA.GI.a.san + fc 

where: 

f= instantaneous rate of infiltration in inches/hour 

FA= a coefficient which together with "a" accounts for the 

effect of land use types in infiltration. 

GI~ growth index of plants 

Sa"=available storage in surface layer of the soil ("A" horizon) 

in inches of water equivalent. 
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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 welting in 

inches per hour (fc is associated with capillary flow or 

with an impeding soil stratum) 

In Table 5. II Iva lues of vegetative parameter 11 A11 are g.iven •. 

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

present· in the study area. 

For each unit element a weighted average coefficient is com­

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

land use class within each unit element. 

Several methods can be used to extract that information from 

the maps produced by the visual analysis or from the outputs of the 

digital 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 location and class. 

In the case of the digital analysis the approach will depend 

on the type of output used. With the EBIR (Fig~ .. 5.17), Gould Printer, 

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

the one mentioned for the visual analysis. In this case the information 

is more detailed, because it is processed and displayed at pixel levels. 

However it must be pointed out that the method is time-consuming. 

An alternative approach is to use the output generated by the 

Line Printer attatched to the Image 100. The classes established in the 

interpretation process are numerically coded (1 to 8) and displayed by 
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TABLE 5.III 

VEGETATIVE PARAMETER "A" IN HOLTAN'S INFILTRATION EQUATION 

NO LAND USE DESCRIPTION VEGETAPIVE 
PARAMETER 

1 Crop Land 0.15 

2 Urban-built up 0.05 

3 Mines, Quarries, Sand and Gravel Pits 0.2 

4 Orchards and Vineyards 0.3 

5 Horticulture, Fur and Poultry 0.2 

6* Rough Grazing and Rangeland 0.4 

7* Rock &Other Unvegetated Surfaces 0.0 

8 Swamp, Marsh or Bog 0.0 

9 Outdoor Recreation 0.4 

10 Improved Pasture and Forage Crops 0.8 

11* Sand Flats, Dunes and Beaches 0.8 

12* Woodland 0.8 

13 Non-productive Woodland 0.7 

14* Water o.o 

Source: Gupta {1974)p. 211 * Categpries present 
in the study area. 
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Figure 5.19 Gould Printer unsca1ed. Theries output of part of MAT-1 
of part of MAT-1, unsupervised classification. 



Figure 5.20 Gould Printer unsealed. Themes outuput of part of 
~1AT-1, unsupervised classification (Forest) 
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Figure 5.21 	 line Printer scaled 1:100,000. Themes output of part of 

MAT-1, unsupervised c1assification (forest) 
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Figure 5:22 	 Cpmparison 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. 
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Figure 5.24 	 Line Printer scaled 1:500,000. Theme output of scene displayed 
in Fig. 5.21. is outlined. 
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the printer at the scale desired. The character also has its location 

wi · 

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 topographic map and the 

result is shown in Fig. 5.23. The number of pixels displayed for each 

one of the characters is approximately 5.35 x 4.36 pixels (423x244 m) 

or an area of 0.103 km2. A second output at 1:500,000 was generated 

from the Line Printer (Fig. 5.24). Although a large amount of informa­

tion was lost, the general pattern remains the same as shown in Figure 

5.21. 

Area measurements from the Line Printer output can be made, 

using a factor of 0.103 km2 (1:100,000 scale) per character and multiply­

ing by the number of occurrences of the class within the unit element. 

In Section 5.2.3 the possibilities of detecting seasonal and 

non-seasonal changes have been demonstrated. The results suggest that 

seasonal information could be applied to obtain better estimates of 

model parameters. 
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CHAPTER 6 

CONCLUSIONS 

In recent years the use of hydrologic mathematical models has 

increased greatly. Distributed mathematical models have been considered 

an important tool in urban, agricultural and forest hydrology. Their 

use has always been limited, however, because of the amount of informa­

tion that they require. Conventional methods used in extracting the 

information are time-consuming, expensive and limited, particularly 

when large drainage basins are involved. Remote sensing from space­

crafts such as GOES and LANDSAT can be used as means of gathering part 

of the information required (namely, precipitation and land use/ land 

cover), rapidly, repetitively, with an acceptable accuracy in a less 

expensive 'flay. 

GOES data was found useful in improving information on the 

temporal and areal distribution of precipitation in the study area. 

The continuous coverage (every 30 minutes) in two spectral bands (vis­

ible and thermal infrared) allowed the ider.tification and monitoring 

of activity of the different types of rain-producing clouds day and 

night. 

Fol1ansbe 1 s (1973) method for estimating precipitation from 

satellite imagery was selected. Although the method is empirical, it 

has been tested in several areas of the world, including tropical areas. 

It has produced satisfactory results in areas where information is dif­
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ficult tC? obtain. Some changes that are required to make it suitable 

for hydrologic distributed models are proposed. Due to lack of 

hourly precipitation data for the study area~ however, the method could 

not be tested. 

LANDSAT data in its two formats {phot_ographic and digital) 

was evaluated. The results showed that the level of detail on land 

use/land cover that is required for hydrologic distributed models can 

be obtained. It is limited,however, by the type of product used. Vis­

ual analysis using single and multidate data allowed the identification 

and mapping of broad 1and use/1 and cover categories as we11 as soi 1 

characteristics. This is possible because in the visual analysis both 

tone and texture ai.ded identification. Mul tidate data was found appl i­

cable to monitor seasonal as well as non-seasonal changes. The 

inconsistency in quality of the photographic produc.ts. however, limited 

the use of the density slicing technique, although good results had 

been expected. 

Digitally enhanced data was found valuable for improving 

visual interpretation. These products could open a feasible way for 

making the maximum application of both spatial and spectral information 

used in visual interpretation. Similar results to those produced by 

digital methods could perhaps be obtained without the high cost. involved. 

Land-use/land-cover information at the level required for 

hydrologic distributed models can be obtained by digital analysis using 

either unsupervised or supervised techniques. In the case of the un­

supervised classification more detailed post-interpretation is required. 

From this evaluation, it can be concluded that satellite data 

http:produc.ts
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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. 

1. CROPLAND: land use for annual 	 crops and fallow land. 

2. URBAN-BUILT UP: includes all 	built-up areas. 

3. MINES, QUARRIES, SAND AND GRAVEL PITS: extracting materials areas. 

4. ORCHARD AllD VINEY~JU?S: fruit 	trees. 

5. 	 HORTICULTURE~ FUR Jl.1YD· POULTF:I: production of vegetables • small 

fruits, and large scale poultry and 

fur farming. 

6. 	 ROUGH GRAZING AND RANGELAND: gras1ands (natural); areas of sedges 

and herbaceours plants; abandoned 

farmland and lightly wooded grassland. 

7. ROCK AND OTHER UNVEGETATED SURFACES: areas in which bare surface 

8. BflAMP,MA.RSH OR BOG: 

9. OUTDOOR R8CREATION: 

cover more than·75% of the 

total surface. 

open wetlands, except: areas of swamp grass:~ 

and wet land with a dense tree or 	bush cover. 

land used either for private or public 	recreation. 

10. 	 IMPROVED PASTURE AND FOP.AGE CROPS: improved pasture only (fodder 

crops}. 

11. S;l.NDS FLATS" DUNES AllD BEACHES. 

12. WOODLAND: land bearing forest of a corrmercial nature. 
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13. 	 llO:l-?RODUCTION T-iOODLAJID: it includes land with a growth of short 

trees or bushes. Also areas recently 

logged or burned. 

14. ri.4IER: permanent bodies of v1ater, large enough to be mapped. 

Source: Gv;pta (1974) based on .4.RDA. 
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