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1 0 ZIntreduction

The objective of this report is to review and evaluate the anplicakilit
cf spacecraft remote sensing technldues to map and inventory focd resources
and related features of developinyg countries, including a summar of or-
going and planned remote sensing act:ivities by anternational arc u S
agencies in developang countrlies

Remote sensing technology seems to provide z cost-effective tool o
collect and use resource data that 1s badly necded by developing countr.es

to plan the execution of development pregrams in food productior, water

resources management, range and forest management, land-use plawrirg, and
mineral exploration This x5 an wmportant role for satellite re—ote se-sCcrCs

to play particularly in the development process of emerging countries wners

the problem ¢f acquiring adeguate data on earth resource systems nas pee™ =

major limitaing factor to successful development planpring Thers are sgre-s

indicatrons thak utilization of resource data acquired from spacecraft ca-
reduce efforts and expense ordinarily devoted to conventlonal catner_rg cf
data using arrcraft or ground surveys

Remote sensang technology cuks across a2 broad range of sciertilac
EdlsCLpllnes and requires close communication a~d copperation betseen toese
:615c1911nes to provide useful apblications in Mapplng and ronitoring tne
'land, vegetation, water and mineral resources of cur planet Zerial
photography, one kind of remote sensing, has been used 1n manv area- oI t-e2
world for decades as a base on which to map sorpls, to prepare la~d use
inventuraes, to identify and measure crop areas, to celineate corcritzors <2
crop stress and to make other observations of t-e earth's surface since

19260, many new sensors have heen developed anc creat advances have been ~az2s

in analysis and interpretation technigques

*
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In July 1972, the Haticonal Aeronautics and Space Administration
launched Landsat-l, a satellite an polar orbat designed to study earth
resources from¥an altrtude i1n excess of 900 kileometers. Landsat-2,

a duplicate of Landsat-l, was placed inte polar orbat ain January 1975
Each satellite has a remote sensor device, called a2 multispectral scanner
{MS5), which scans the earth's surface every 18 days, and a return beam
vidicon {RBV)} systen (Figurel-l1}. The MSS measures four wavelength inter-
vals or bands of energy radiating from the surface of the earth These
bands have the following wavelengths
Band 4 0 5-0 6 Micrometers (Vaisible green)
Band 5 0 6-0 7 Micrometers (Visible red)
Bané & 0 7-0 8 Micrometexrs f{Reflective infrared)
Band 7 0 28-1 1 Ilicrometers {(Reflective infrared)
Research results harse s~can that each of these bands has particular utilaty
for separating certa.n features From the different bands of radiation
data, shown abkove, ~hich are transmitted to receiving stations and
recorded on magnetic tape, iRages or pictures can be produced The smallest
Area which the-fancsat scanners can resolve or see on the earth's surface is
appreximately half 2 pfectare or about 1 10 acre This 1s eguivaleiit to about
70 meter ground rescluticn  Thile this resolution 15 poorex than that
attainable from airrzralt, it is better than that of any non-military
satellite In comparisos, the Nimbus III High Resolution Infrarea Radiometer
“Whicdh mabs serface temperaztures has a resolution of 10 km, "while MOIRA-2
can resolve 1 km w1t~ .tz thermal scannsr
Each frame or icage Zrom Landsat covers an area 185 by 185 km, Fnown as
v a “scene" 1t takes cust 25 seconds to collect the data for one frame The

1orb1t was designed Tz ostain multispectral data at approximately the same



local time each day in every location In considerang the total land area
of the world and cloud probability otatistics a mid-mornlhg data acguisitic—
time was selected

A single Landsat image contains about 8 million picture elements OX
pixels per wavelength band Each pixel represents & hectare or approxi-—
mately I 10 acre To process such a vast amount of data extensive computer
operations are regquired Specific computer systems have been devsloped
to use special purpose circuitry for extracting thematic infoxmation fron
multispectral scanning data FPour examoles of such computer systems are rne
Bendix Multispectral Data Analysis Systen (1DAS), General Electric's Imawe-13C,
Environmental Research Instatute of lMichigan's Multivariate Interactive
Digirtal aAnalysis System (MIDAS), and the Laboratory For Anplications of

i
yRemote Sensing, Purdue University (LARS) system
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2 0 Remote Sensing of Agricultural Crops

2 1 Introducton

W e

As the worid population contlnues to grow at an alarming rate,
the ability to cultivate and manage food rescurces to feed thiz expancinc
population is being guesticned A report published by the United States
Department of Agriculture {USDA} documents that the wast major:ity of
countries must rely on gra:n rmports to satisfy their food reguirements

Since the conclusicn of World Var II, the number of 1mportlng cCountries

throughout the world has increased and, as the 1975-76 crod export

figure dramatically shows, greater than 95% of all grains erported came

from just four countries the United States, Canada, Australia, and

New Zealand {(ref 1) according te the Internat:ional Fooa Policy Researc-

Instrtute, 1f the grain productlon trends of the past 15 gears contipues,
, those developaing countries with market economies will have food-crain
deficits of abkout 100 million tons a vear by 1986 If tne trena of &ne _z=Z:

seven Years continues, then focd-grain deficits could reacn close to 277

mrllion tons a year (ref 2)
‘ These figures stress the need for efficient and timel world zood

production management This management 1s requrred not onl, to i1nsare T-i:

encugh food 1s produced to feed the world's population, but also so trac
developing nations may effectively manage thelr resoudrces in order rto
becoma self-sufficient
Ote of the tools which is beang developed and used by fooa managars
in combating this problem 15 1emote sensing Users of remoite sensing
technology have learned that they can observe large areas Suichlt argz
v accurately from amagery products taken from aircraft and satellite nlaticr-us

,Based on these observations, users ranging in level from tae 1adividia.
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farmer to state and national governments can assess the type, condition,
and@ extent of theiy crops With this information, producticn and yaield
L3

estaimates can be derived

2 2 agricultural Applications of Remote Sensing

Remote Sensing for agricultural purposes has been used as early as the
1930's rn the United States  The sensor most employed has been the aerial
camera. Agricultural information that can be extracted from varaious types
of aerial photograpns includes the measurement of crop acreage, adentifica-
tion of specific crops or types of farming, assessment of crop vigor,
evaluation of so1l characteristics from terrain indicators, location of
surface water resources, and analyses of changes in land use patterns
However, since the development of the computer compatible multispectral
scanner {i!S5) in the mid-60's and the launching of the Earth Resources
Technology Satellite {now known as Landsat) in 1972, increased attention
15 being focused on the potential that MSS technology has to offer

While M55 remote sensing 1s st1ll a developing technology, and many
improvements in i1ts capabilitles are foreseen, 1t has demonstrated that :xt
has reachedfan operat:ional stage Numerous studies have shown the utality
and cost effectiveness of airborne and satellite MSS when applied ko
agriculture For instance, from 1973 ta 1975, the Mexican Water Plan {iiWP)
with assistance from the United Nations and the World Bank, used Landsat
imagery to map 242 million hectares for present and potential land use 1in
Mexico (Ref . 3} By comparing the maps of present and potential land
use at a scale of 1 1,000,000, the MiP was able to assgess areas with hxgh,

medium, and low agriculture and pasture productaivaity am well as areas that

contained water erosion hazards Using manual interpretation technaiques, the

present land use study was performed at a rate of 8 wmillion hectares per

)



smonth and at a cost of 0 1 cents/hectare The potentral land uge study
progressed at a rate of 4 million hectares per month and its cost was
0 33 cents/hectare

Macieod in 1974 used Landsat imagery to locate water resarves in tne
Sahel region of West Afraca, an area that has had severe drought conditisas

for several years By examination of the NMSS i1magery, e located the

Echannels cf extensive, ancient drainage systems which contain large,

J annually renewed reserwves of near-surface water This -reviously untarnedé
i water spurce can be used by humans and livestock as well a5 for irrigaticm
{ neeads

; Completed i1n late 1973, the Food and Agriculture Organization,
Government of Sudan, and LARS ([Laborateory for fgricultural "emote Sensing

Purdue University) scientasis conducted a demonstration zroject an Sudar

using Landsat imagery to inventory land, vegetatlion arc «~&ter resources
(ref 2). Utilazing computer-arded analysis of Larasast data, maps ~ere
produced at a scale of 1 20,000 which delineated importe~= so01l daifferences,
vegetation complexes, surface drainage patterns, erosio~ ~azards, and
present land use,

As these studies demenstrate, a great advantage of remwote sensing
for agriculture purposes 1s the ability to obsarve larcs =rezas in high
resglutic” on 2 near real-time basis This ability 15 recelving increasac
attention by tnose who are connected with the status of T-= sorld's fooc
resources The ability to detect, monitor, and predicz t-= effects of
drought, cuiseass infestation, and other calamities on azrzzilture 15 neescec

by the countr;'s planners ip order to Lnsure acequate Zoos supplies for

1ts people
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With the successful demonstration of Landsat's capabilities, efforts
are being Made ko establisn a global crop production forecasting system
Two majox advances tow~ard this global system are discussed below The first
1s the Crop Inventory Tecnrolegy Assessment for Remote Sensing (CITARS)
project which was comnletea in 1975 Although the development of a global
crop anventory systen ~as ot one of its stated objectives, this project
was the first to-guantitatively address the technical problems of cTop
mapping with Landsat datz over large areas The second project discussed
15 the Large Area Crop Inwentory Experiment {(LACTE) Initrated an 1974,
this ongeoing program 1s cesigned to develop, test, aand demonstrate the
ability to map wheat ana Zroject accurate production and yield estimates

in the United Stites a-a seven foreign countraes

-

2 3 The Crop Inventor Tscanology Assessment for Remote Sensang Project

The CITARS {(Crop i~re-tory Technology Assessment for Remote Sensing)
project, conducted betasze- L973 and 1975, was the First major atbempt to use
Landsat MSS data over larze areas for the remote idcntification of major
agricultural crops Imsestigators from the Johnson Space Center (JASA),
ERIM (Envi¥onmental Ses=arca Institute of Machigan), LARS, and the.l S
Department of Agricul:tars [J5DA) assessed Landsat imagery 1n an attempt to
address such questrons 2s o4 corn and soybean identification performance
varied with time dur_-2 & Zrowlng season how crop 1dentificatrion performance
varied among drfferent zesuraphic locations having different soils, Aeather,
management practices, Tra% alstraibutnons, and field sizes 1f statistical
measures acguired from o2 time or location could be used to adentify crops
at other locations or t_==5 i1f the use of radiomelric preprocessing
extended the use of fra.~-.~g staktistics oxr increased nonlocal ¢rop
ldentifarcation performa—<2 and 1f the use of multitemporal data i1ncreascd

crop adenFification perisrmances (ref 5)

g
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:Indlana and Illinois, the CITARS 1nvestigators found rhar crop wdent._cztion

Based onr data collected from six test sites, each 8 X 32 ¥m, leczzed 1n

agcuracy for corn and soybeans varied throughGut the growing“season, ..z~
maximum accuracy occurring in late August (approximacely 807 accurac } The

investigators, however, alsc noted the difficulty they had in 1denz.- _-

crops based on nonlocal data  On rhe average, classification aceurac
decreased 23 percent when compared to classificagions based on loczl carz
The investrgators also found that the use of preprocessing techniques o

minimize atmospheric differences between Landsat scenes improved accurzc.zs

My

W

£ ICLnC

but not in a comslistent manner However, the use of muiltitemporal czzz .

significantly increase classification accuracies when compared to tas

i

n
)

ri

single date classification performance The performznce went from S-

accuracy for the single date data to 89% for the multidare data

2 4 The Large Area Crop Inventorv Experiment

Because the Landsat rogram offers great potential as a tool fo- :v.:
inventorying and monirtoring on a glebal scale and hecause an  urgent —=s2
exists for efficirent management of the world's food resources, a sacz-=
large scale agricultural program utilizing satellite M55 was initaagss _-
1974  hknown as LACIE (Large Area Crop Inventory Esperiment), this
mulcryear (1974-1978) program 1s a cooperative effort involvimg N-Sa -
and USDA (ref 6) Although 1t shaves the same general objective 25 227 %
that 1s, to develop, test, and provide an ecowomically important apeo..zz. -
of remote sensing from space, it differs greatly 1n 1ts specific obicII. =3
Unlake CITARS, LACIE 15 comcerned only with wheat  VWheat tas choser zz-- 32
of the comsiderable experience obtained from past remote Sensing 1o w5_:=I_0"%
and because of 1ts i1mportance as a world food resource Uheat 18 tre = =~

abundant cereal crop zan the world bath in terms of production and .tea.

wEPRODUCIBILITY OF THp.
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extent. 3By concentrating theirr efforts and resources on a single important
crop, the LACIE investigators hope to simplify the problems which arise 1in
the development of multicrop recognition techniques Once a successtul
demonstration for wheat has beern achieved, then the focus could be shifted
to solving the problems which erist for muiticrop applicaticn

In addition to adentifying wheat fields, LACIE is designed to produce
perzodic yield determinations and producélon egtimates on a regironal and
national level In order to achieve accurate vield and productaion estimates,
LACIE has been designed to aincorporake mebeorological data {pramarily monthly
temperature and precipitataon averages) obtained from an established ground
network

The experiment 15 structured into three phases Phase I. which was
completed 1n April, 1976, was devoted to completing the overall experiment
design, amplimenting a guisi-operaticonal system which would estimate wheat
acreage in selected areas in the United States, and develop and test vield
models Phase II,scheduled to be completed in the summer of 1977, 1s
designed to incorporate vield and production estamate models developed in
Phase 1, umlate the system based on Phase I results, and apply the system
to larger and more aiverse geographlc areas In the thaird phase, which will
be completed in Junsa 1978, the system will be applied to important wheat
producing regrons of the world (ref 7)

buring each phase tne LACIE system 15 fto be extensively evaluated for
1ts- accuracy- and cost-sifectiveness The accuracy critericon to be used as
the 90/90 criterion This indicates tha; a 90% accuracy level for $0% of
the time mist be achieved in preducticons estrmates at harvest time at a

country level In addition, the LACIE 1nvestigators have imposed the

restriction that the accuracy, timeliness, and cost—effectiveness of

10
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"this information must improve upen the accuracy, timeliness, and cost-—
;effectlvgness of infermation already obtainable by the USDA from areas
Eoutszde the United States and Canada

% Although Phase II s nok coﬁpieted,iihe interim results are pr;mlslqc
iThe LACIE yreld results for a;eas tested within the Unated States apwear to
1

1be following closely to the USDA Statistical Reporting Service ({S=S)
i

lestimates (ref 7) tthen the LACIE system was applied and evaluated
‘for the first time over a foreign wheat producing region, the yield esti-

i
tmates were lower than those expected for a normal Year — However, due 1o
i
]

lcurrent weather conditions for this region, the trend of this reduction .as

in line wath expected results Complete, detailed evaluations of Phase T1

are erpected to be released Ly Aucgust, 1977
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3 0 Remote Sensing of Rangeland and Forestland

3 1 Intreduction

Over the past few decades, the demend for more efficrent utilazation of un-
cultivated land has dramatically increased At ¢éne time, the bount:ful range
ana forest lands were thought of as infinite resourcas Howewver, w«i1th the
extractive ipdustries improving therr methods and anecreasing therr yields,
careful governrent management s now required

The range a-d forest land data reguirements negessary to efficiently
manage vast forage and timber areas are more complex and involved than ever
hefore In order to use modern Modeling techniques, the rangeland and
forestland managers reguire voluminouws amounts of data and 1n a level of
precision acceptable to successfully perform multiple decision making
processes To be effective in long range planning schemes, the data must
be provided in a taimely manney

Remote sensing techniques have demonstrated the ability to assist in
satrsfyang these data requarements At present, the aerial photographic
survey 1s Lhe pramary operational. system :in use in most parts of the world
However, 1in areas -ith plentiful rainfall and cloud cover, side-looking
radar has shown t0 be an cost-effective alternative. The use of satellite
plattorm sensors appears to be promising but have yet to achieve the accuracy

, required to fagilitate good ranagement decisions

12



3 2 Rangeland Management

Rangeland covers approximately 55% of the land area w1thin tne Lnated
! States and more than 40% of the Earth's total land mass  Fistorically, tnas
land has played an important xole as forage area for laivestock and walelife
As our awareness increases, we alse find that rangeland 1s 1mportant as
watershed areas, recreational areas, and siges of potential agricultuyral -z
industrizal development Thas land reguires constant monitering by resource
managers in order to assess its present condition and project its future
| status and value For instance, within a rangeland there &re varicus ¢raziwg

regions which differ in geographac and climatic regime £S

[}

result, znesa
i
l grazing regions vary in plant compostition, tuming and rate of nlant develc—-
ment, plant density, productivity, and season for optimur Sraz.nc fire
‘the additaiocnal variability due to weather 15 realized, owe can unaerstara
how vast differences in condition and production of forace 1z Lph 4 rarselzro
can occur and wny constant inventory and mopnlioring pract-.te8 are reculrec
Information on rangeland forade production iLs vital =3 Thne economies
of many parts of tne world In the United States and abreo2s  cstate ard
nafronal agencies monthly report on ranhoe-feed capacity, Zzed -rospects,
morsture cordrtions, and livestock conditrons  Thais infer~stion 1s then 523
by local farmers ard ranchers, livestock assoclations, feezlre lot oerxaters,
and agri-businesses which produce livestock feed Durirs 274, 1n the
united States alore, the livestock industry was valued at c.c~+ to 41 kall.s-
dollars ($ J S } (ref 1)
The carr/aing capacity of ramgeland, wvhach is the fou-.sT_on of tre
livestock inaustry, often may be increased two- or threefc.z -, more
tntensive maradement programs — Because of the vast exparses =/7icallt

assoclated -1t rangeland, remste sensing has appealed to ra~~<land manacers

13

REPRODUCIBILITY
oF
ORIGINAL PAGE IS P{BS\II{;I ’



Edue to the abality te provide economical, accurate, and up-to-date

!lnventorles of the plant communaties and continuing appraisals of range

fconditicns  Since the late 1950's, rangeland managers have :increasingly relied on
i

black and white, coleor, and coloxr infrared aerial photographs to inventory

tand monitor range conditions With the launching of Landsat, however, an
(appetite for space imagery has been developed by resource managers and its
!utlllzatlon 15 being stressed an range. research programs Space imagexry
!offers advantages over estensive ground and aerial svrveys in that its

| lmagery 1s rnexpensive, repetitiVve, syncptic, and obtainable in near real-taime

Nopmercus recent stuedies have demonstrared the potential of Landsat in

g rangeland managemsnt programs —Carnegge and DeGloria (1974}, DeGloria et al
E (1975), anrd Reeves and Faulkener (1975) have shown that 1t ag possible to

!

i;nventnry certair rangeland plants and to monator germaination dates, effects
lof morsture stress, tae length of the green feed perrod for an area, and
ilocate range areas #nich are affected by favorable and unfavorable climatic

I
avents

Seevers et a2l (1975}, Wiegand et al (1973), and Rouse et al (1973}

have attempted to associate vegetative bromass to Landsat radiance data
L

Although the initial®results are not conclusive, there does appPear to be a

general correlation cetween biomass and radiance The complicating facter
r1n thais approacn 1s tnat the rangeland vegetation varies in density, type,
and cover withir a resolution cell {(pixel) In addition, there arzs shadowing

3
and obscuring 2fZects gue to a plant's canopy which prevents the veagetation

T
1

below the canopy <o kg accounted for
beshler {1974) ras demonstrated the ability to map the extent of fare burns
in the grasslancs anc savannahs of Africa with Landsat imagery By usang multidate

imagery of an erea sriending from gentral Nigeria east to the Lthiorian highlands,

14



Deshler was &ble to trace the seasonal progression of burn from north we

Lol
e

1
Esouth He concluded that with the use of Landat imagery, the extent of

damage can be accurately and efficiently mapped and accounted f£or

[

Despirte these advances toward the utilization of Landsat imagerv for

rangeland applications, aeria)l photography remains the cnly fully eoperatic-sl
remote sensing system in general use by rangeland manzgers As the
development of space platform remote sensing progresses and its applicaz.c-

potential 1s verified, one can expect 1ts utilization by rangeland manacers

to ncrease
1
f
i
j
J

3 3 Porestland Management

Forests represent a valuable cash c¢rop to the economy of many covm-r_es
‘In addition, forests and forestlands are productive areas vhich provias
forage, shelter and water for wiidlife and hold recreational and estnic
value for human populations Because of 1ts value, the need for carcill
supervision has long been recognized and is employed in varying decrcrs _-
'all countries It 15 the role of the forest land manager to defermine z-g
appropriate uses of this land in view of the multiple ana competitive -zezs
In order to make sound and fair decisions on forestland utilizas.z-
the forestland manager must have zimely and accurate information on “-e

rextent, density, tvpe, and guality of trees on the land Remote sensive .

U
mn

an lmportant role in providing this information To date, tne inStru—s-=

which has received the most usage 1s tha aerpal camera The aerial [ czzsra--_c
survey is an operational system which has demonstrated that it saves ~.7¢

and mohey and permits coverage of large, and often inaccessible, areas

Using conventional aerial photographic techniaues, a forestland managrr =z-
guickly cbtain information ©n 1) locatron and distribution of fores- zzz-zs

2) tree herght measurements , 3} tree qualaty, 4) tree yrowth rate, %; =res

15
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crown drameter, 6) stand volume per acre, and 7) site qualxrty This type
of ﬁfmote sensing has been used by forestland managers in the Unated States
and abroad sance the late 1950°s

With the launching of Landsat an 1972, research programs have attempted
to develop the potential of satellite remote sensing an forestland
management. Forest-type mapplng from Landsat imagery has been accomplished
in daifferent parts of tﬁg world under yaricus surface, weather, and
seasonal conditions  Reguirements of the 1974 UNESCO classification system
have been met 1n the United States, Philippine Islands, New Guinea, and
East Africa {ref 8) For instance, a total of 14 classifications of
timber type and condition were achieved at sample sites in the San Houston
Naticnal Torest an Teras [Ref 11) Various typesare Glscernahble,
depending on location, but tost commonly the basic Lypes of conmifers and
hardwoods can pe 1dentaified

Landsat investigators have attempted to use sakellite remoie sensing
technigues 1n order to derive forest volume inventory informaticn Such
information 15 used to determine the value of land for timber production
It can also be used to determine the harvesting dates and rates which can bhe
anfluenced b+ the amount of timber avalilable to the logging industry In
additien, xt zan be used to evaluate the effects of various management
practices sucr~ as precommexcial thinning To date, attempis to derave volume
estimations o titered land from Landsat data have had moderate success
The standard error Zor studies an California and Qregen {ref 8}
ranged from 8 %o 16 percent It is believed that the intreduction of the
thematic mapoer ir the 1980's, with its increased resoluticon, will increase

the accuracy ¢ Jsolume estimates from satellxite data
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Insect-caused defoliation has been observed from Landsat data hall

ma—

(Ref 8) found that Landsat data can discriminazte sufficiently between

normal and very abnormal condaitions an a fairly homogeneous forest Usi-~c

visual interpretation techniques of enhanced color composites enlargec to

1 80,000, Hall was able to detect areas of heavy defolaation and light,
imed1um and heavy mortality with a reasonably high degree of reliabilit,

! Although Landsat cannot monitor forest fires due to the firme reguir=s

]
H
110 process and relay the data, Landsat amagery can ke used to locate aré —ag

1

jareas of fire damage (Ref 9} In this manner, burm areas can peg
EaCCurately mapped and i1ts land value reassessed

1

% As a result of the inroads these investigators have maae 1n applsing

’Landsat imagery to forestland management, NASA, 1n a report 1ssuec in
i
:September 1976, states that during the early 1980's an operat:ional satell_ze
isystem for forestland management should be completed (ref 8}

A third type of sensor which 1s being used by forest managers is
ialrnorne radar Originally developed as an all «eatner military

jreconnasissance senscr, side-locking radar as now demenstrating 1ts a2kiliz

'tO optain information on natural resourcas

I
cr
Hf

Along with the ability to penetrate cloud cover and provide inacer
areas where a camera or HSS system might be useless, radar has otner

t
:
i advantages As an active senscr, emitting pulses of raaration wniick
]
!
i
1

1llurainate a scene, its imagery 1s independent of sunlight arae tnus ca-
used either during the day or at anight Also, the i1nacery scale 15 ¢o"sTs—s
1

' andevendent of aircraft altitude

Because of these features, radar 1s being used as the primarv senscr

‘ain many countries that are located near the normally cloud covered anc ~.—_c

eguatorizl belt Venezwela and Brazil are two such countries whicn nave
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utilized this Sensor in mapping vast areas of previcusly unmapped tropical

and mountain forestland Surveys conducted by Litton Industries' Aero

Service Corporation working with Goedyear Aerospace have mapped over

5 milizon square kilometers in these two countries alone (Maller, 1972}

It x5 felt that such i1nformation obtainaed over previously unmapped &areas

¢can assist 1n timber inventories and be ysed in subsequent lunber operations
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4 0 Repmote Sensing of Coastal Food Resources

4 1 TIntroduction

The wetlands, estuaries, reefs, and upwelling regions along many of
the world's coasts compare favorably in terms of gross primary productivity
with the most intensely cultivated agricultural lands (Refs 1 and Z)
Table 4 1-1 couwvincingly 1llustrares rhis facy  Hewever in
most ¢ountries, the coastal zone :s not being fully ut:ilized as a source of
food for an ever increasing world population Over the hascory of man's
expansion, the true value of coastal resources has not been understood and
wetlands in particular have been viewed as wastelands thet must be filled-n
or orherwise "improved" For the berterment of maniaipd Difficult access to
wetlands and estuarine Food resources has also prevented the assessment of
their areal extent and productivity

With the launch of LANDSAT and Skylab, relatively hagh resolution space-—
craft dara became available for mapping and fnventorying on a global scale
tidal marshes, their plant speciles, and condition, upwelling regioms which
attract large fish populations, and other coastal water properties which
relate ro the presenca of finfish, crustacea and shellfish of signaficant

economic value

4 2 Wetlands Happing

Coastal wetlands represent an impprtant food resource for several

reasons The foad web of numerous estuarres and coastal waters 1s based

on the high primary preductivity of coastal -marshes which constitute centers

of solar energy fixation and an i1mportant 1ink an the mimeral cycles  The
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Table 4 1-1 Estamated Gross Primary Preduction {annual basis)
of the Biosphere and Its Distraibution Among Major Ecosysters
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f1ved carbon and minernls enrer the weter pramarily as detritus where a
complex food teb makes then accessible to commercially important fish and
benthic communities

Seed~pearing plants growing in saline soils or in areas where saline warer
1s avarlable for irriga2tion are also being studied as food for man or domesCi~
cated anlmals in the future Millions of acres of land might be turned ingo
Eood—prodgc1ng areas and the loss or irrigated land to farming due to salidiza-
cion might be reversed In one evperiment 235 selections from 65 halophyte
species, largely from tide rarshes of the U § A , Bolivaa, India and Afraca
were found &0 germinite and grow an the laboratory, growth chambers, and in the
field A lim:ted number appeared promising for growth in highly saline water

and are being studzed in getarl (Ref 3)  Among others, Spartina alrernifiora,

Distichlis spacata, and Spartine patens, were found to merit censiderativm

because of salt tolerance  TFurthermore, Spartina alterniflora provaides the

praincipal base for the fooa .eb n the werld's major mirshes and can be mapped

from aircraft and satellites

Operationnl wetlme = [ -znag pros rans desigued to nocl rijorous
Cirted pApne stand wds = 11y employ photo—mmicepyritation of lew-1ltitude
color or color=1nfiatia « ¢ 2 phwtopraphs supplencnted by grouwd surse,s
AL leawsl ex nt 05k (O1s. ~l5%es 1 Lthe [T 5 A hive mipped Lheir wot lands
Lo defroe v cthnds bos e » apd Lo anpventory nagor mosh plang spocies
setles vapgan, tem B2 A omo 1 24,000 (Befe 4, 5, and 6) Artreeaft e
tiao buen wsed 1 viartens o Llogilcal situdies, Luclgﬂ;nh speLics compo Jilron of
wotbind vegitition, wee  nw --oductivity, weldlife fiabitae, diversit,, umpict

of nim—-naca structitees i crands md swsguite broodny et T 7, &, 9)
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More recently, the potential of Skylab imagery and LANDSAT multispectral
scanmer (MS3) daigital data for mappang and rnventorying tidal wetlands has
been demonstrared (Refs . 10, 131, 12 and 13) In one 1nvestigation, digital
analysis of LANDSAT imagery was used in an attempt to lnventory the significant
ecological communitres of Delaware's coastal zome {(Ref 11) According to
Table 2, economical analysis showed that classification accuracy for most
of rhe ren vegetation and land-use diserimination categories was quite good
The classification accuracy of the key marsh plantg ranged from 837 to 97 57
Classification accuracies derived by compariscon with existing maps were above

80% for most categories  Blowups of portions of the themaric maps dagitally

‘derlved from ERT5 data showed very good correlartion with known sices Cal-coop
i

plots of thematic data at scales up to 1 24,000 showed excellent cartographic
i

{prec1smon when superimposed on exasting maps The spatial resolutioh of the
iLANDSAT M85 CCT's averaged abour 70 meters, representing a nominal resoclution
iaell of abour 0 49 hectares (1 1 acres) Visual photcinterprecacion of
ELANDSAT transparencies resulted in poorer resolution and lower classificition
laGCuracy
i In comparison, Skylab's 85190a Multispectral Photographic Facilaty had
2 resolution of 130 meters and 1t's 5190B Earth Terrain Camera about 15 meters
{Ref 12 ), providing valuable information for detailed wetland mapping
II-h.th regard to classification, five wetrland plant species were identified,
and draimzge patterns were mapped in more dectail (Ref 10) One sagnificant
advanrage of the LANDSAT system 1s the repetitive coverage, permifcing.
observations of plants over their entire growing cycle, including the estima-

tion of plant physical and merpholegical characteristics (Ref 10 )

REPRODUCIBILITY OF THH
ORIGINAL PAGE IS PONR

23



}

Monatoring Coastal Upwelling

Upwelling 15 & process of vertical water motion in the sea whegeby
subsurface water moves toward the gurface Upwelled water can introduca
large quantities of nutrients (phosphates, nitrates, etc ) to the euphotic
or light zone, thus, uvpwelling i1s conducive to high organic production

Knoweldpge of the location and prevailing conditions of upwelling areas

eonstrfutes umportant information for fishing Eleets For axample, espe-

cially extensive fishinp areas and kelp beds ate found in upwelling

aveas off the African and North and South American continents Inm
addition, considerable bird populations, whose guanc i1s of economic
imporcance, occur off Peru  Again, near the Antarctic Convergence,
particularly in the Atlantic, the abundance of nutrients supports an
unusually large scanding crop of diatoms and flagellates which, 1n turn,
ultrmately support krill, the main food of whales, seals and other specles

Upwelling may take place anywhere, but it is more ¢ommon zlong the
western coasts of contipents  Upwelling may be caused by wind displacing
surface water away from the ceast or by currents impilnging on each other
or on land masses  The most pronounced coastal vpwellings are found off
the wescern United States, Peru, Morocee, South Africa, and Western
Australia (Ref 14)

The abilaty to 1dent:fy upwellaing areas from aircraft and satellates
lies 1n the fact that deep water having propertaes different from those of
the surface warter is brought up to, or near, the sea surface The most
daistinguishing feature of the upwelled water 18 rhat it 1s colder and
denser than the wljacent surface water and may contain chlorophyll and

corther mutrients at concentratilons exceeding background levels
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/’ When nutrients and cold water are brought ante the sunlat lajyers,

;

photosynthesis 1nitiates a biological charn reaction which gilves rise to
accumulation of chlorophyll and ocher brochromes  In haghly productive
areas, the freshly upwelled water i1s inatially cold and clear but
gradually warms up and turns greemish with increased surface age  The
fade-outr of thermal comntrast and the buildup of color contrast are
supplementary processes (Ref 13)

Remote sensing systems that simultaneously measure sea surface
temperature and chlorophyll coloration have provided valuable new informa-
tron as to the distribution 1n space and time of the biologrcal actaivirs
in upwelling areas (Ref 16 )} Particularly successful have been surface
remperature observations from the NOAA series satellites (NOAA-1 and
NOAA-2) whach have been mapping the temperatures of vast coastal regions
with accuracies within several degrees helvin  Under relatwvelv (loug—“rze
condations, the Very High Resolution Radicmerer {VHRR) aboard NOAA-Z,
which has a spatial resolution of 1 km at nadar, gathers data in both
the visible and infrared chamnels The visible channel (0 6~0 7 um)
measures the reflected solar radiation from the earth, shile the infrarea
channel operates both day and night to measure the radiation emitted fro-
the earth's surface in the 10 5-12 5 um waveleagth region  The orbating
motion of the satellire (near-polar and syn-synchronous at an altitude
of 1460 km), together with the day-nmight operation of the VHRR scanrer,
provides thorough coverage of Worth America and the adjacent ocean areas
out to 1000 km or more from shore twice daxly at approwurately 0900 and
2100 hours lecal time The direct readout capabrlity of this instrumenc,
when the satellite rs within the range of the KOAA command and dita
acquisition ground sratiens at Wallops Island, Virgamia, Fairbanks, alas-z,
and San Francisco, Califernia, enables immediate use of the data The
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information content of the gray-scale images 1s extracted to produce
charts which display serverazl saign:facant ocean Surface thermal features
Major water masses, fronts, upwelling areas, currents, and eddies can
be i1dentified and located (Refs. 17, 18)

Detection and monitoring of photosynthetic productivaity in upwelling
areas has been tried wath alrcerafr, Landsat and Skylabs with some success
in locating chlorophyll-iich upwelling areas (Refs 19, 20) Attempts to
quantify chlorophyll concentrations in aquatic suspension have met wath
mixed results Inaccuracy 1s partly due to the fnability te discriminate
between chlorophyll and wnorganic sediment  However, measurements of
marine photosynthetic organisms show a "hingepoint" at approximately O 52 um,
below which chlorophyll in suspension reflects strongly and abowve which
absorption 15 domimant Sediment, on the other hand, acts as a broad-band
backscatterer  Thus, the use of two bands, sep;rated at approxunately
0 52 um, may allow discrimination of chlorophyll from inorganic sediment
In summary, one can say that ailrcraft and satellite remote sensors can
rapidly locate nutriepnr-rich upwelling areas for fishaing fleers, but
cannot rel:ably guantify the chleorophyll concentration or photosynthetic

productavity of the water
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Location of Coastal Fish Schools

Spotter prlots flying light arrcraft are regularly used to guide
twin purse seine boats and other fashing vessels te catch large schools

of fish such as menhaden (Brevoortaia patronus) The pilets direct the

boats to a particular fish scheol by radio and notify the boat captains
when to encircle a school with a purse seine  An actual school of fFis»
cannot be readily observed from satellite altitudes, due to resolutien,
atmosphernc trangmission and surface reflection problems — However,
satellites and azrcraft can detect secondary indicators of highls
producilve coastal waters, such as chlorophyll-a, sea—surface tetperafure
and turbidaty (Ref 18) The rationale based on the assumption tnat “is-
distribution 15 govermed by certain oceancgraphic parameters detectable
from satellites has been substantiated by kemmerer (Refs 21, 22)  Ocearo-
graphzec conditions reflecred un pround truth measurements of surface
temperature, chlorophyll-a, salinity, water coler (Forel-Ule}, ana
turbidicy {Secchi disc transparency) from the two study areas were co—Izren
to decermine which ones correlated with fishery data collected fro~ fisq--z
vessels at sites of menhaden capture  The assumption was that 17 -earaze-
were caught 1n the same kind of water with respect to one or rore of tre
parameters, then tne parameters showing conglstency probably vere afrect-"3
fish distribution

Forel-Lle water color, turbidity, and chlorephyll-a concent-zriors
were similar at locarions of menhaden capture in both study areas
salinity and temperature were not A5 the first three parameters can o¢
1dentified 1n LADSAT MSS imagery, a spectral pattern recegniciom
technique was used to determine 2f water containing nenhaden couic be

recognized from space Locarions of menhaden schools were trinsltated r—tTo
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the LANDSAT coordinate reference sysrem so that areas with and without
menhaden could be identified Radiance values from each of the Four
spectral channels were extracted from the data for these areas so that 2
computer algorithm could be developed Dagital LANDSAT MSS data were then
classifieé into hagh and low probability fishing areas wirh the algorithm

Menhaden school locatiens used to develop the elassificatiom algorithm
were limited to those identified + 2 hours of satellite coverage  Twenty-—
five of the 2% school locations satasfying this temporal limitation fell
within or immediarely adjacent to the high probability fishing areas, and
16 out of 19 orher schools located outside the alloeated time period fell
within or next to these areas A correlation analysas applied to menhaden
and M55 spectral data provided correlation coefficaents of 0 65, 0 75,

0 67, and 0 61 for bands 4, 5, 6, and 7, respectively, all szgnificant at
the 997 confidence level (Ref 22)

In ene mission, computer classificaticn of LANDSAT MSS data ainto high
probabalicy fashing areas was completed and disseminated to the fishing
fleet 21 hours after satellite reception The fleet reported that menhaden
were concentrated in these areas and the test was successful  This report
was verified by plotting locatiens of menhaden captures and observations
on the prediction chart HMost locations fell into or adjacent to the hagh

probability areas (Ref 22)
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2 0 Programs 1n Peveloping Countries

Introduction

Having cstablished that remote sensing techniques can effectiiels
 MOMLEOY, wWap and inventory important agricultural, wildlife and coastal
foed resources, we will artempt to sumnarize past and present Prograns .o
developing countries and point out some furure plans and possibilities

To attain an effective capabality to use space remote sensing data,
developing nations depend on technical and financial support from suen

countries as the U S A |, France, Canada, West Germamv, and the L § § R

The list of international organizations which have been most active in

promoting interest and cooperation in applications of remotfe sensin,, 1ncitées

the Lnited Nations, the World Bank, 1nd the Inter-American Deielopment nc=e
Requests from the developing countr:ies also come directly to United Strccs

agencles, such as the Agency for Intermational Developrent {AlD) or tne

Wational Aeronautics and Space Administrarion {NASA), for assistance 1n
equlpment procurement, 1n remote sensing training programs such s digreal

analvsis of satellite data, in establishing centers for remote sens.ng

research and zpplacation, and 1in project planning and esecution <pal 1-=

I remote sensing techniques

o Inired Nations Programs

To make remote sensang technology available to the developini counc~ es
the Unired Nations Space Applications Programme was established in 1976
and has, in the past seven years, sponsored Serinars in varlous parts oI

the world, arranged c<pert missions and disseminated i1nformation on de c.27-

ments 1n this field Within the UK system, the major source of “unas -2~
i

idevelopment projects 1s the Lnited hations Development Programme or LADT
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The UNDP, however, does not have technical expertise in this field, and the
management of rhese projects, once approved for funding by the UNDP, as
carried out by the appropriate specialized agency  The developing coumttry
involved usually contributes an amount comparable ©o that provided by the
UNDP and the total amount iavolved can range from a2 few thousand to a few
mrllion dollars and the project can take from a few months te several years
The TAQ and the Centre for Natural Resources, Energy and Transport of the
Secrctariat are the agencies most invelved in remote sensing, with the FAD
concerned with agriculture, forestry and fisheries and the CNRET concernad
with carcography, geclogy and hydrology Of the UNDP projects for which FAD
1s executing agency, 60 to 70 have some remote seunsilng component, while
CHRLT 1s responsible for z somewhat smaller number (Ref 1)

One of the most interesting of these prejects 1s the Bolivian Landsat
program, which has been assisted by 5150,000 from the UNDP matched by an
appro<imately equal amount from the Bolivian government  Thas program  1s
an evample of what a developing country can accomplish with a minimum of
funds, equipment, or specialized traaning The project consists of abour 12
people trained in the user disciplines and seconded by various user agencies
to the project The equipment consists pramar:ly of a small phote lab and
light tables with ine.pensive magnifying equipment and che data consists of
a few hundted Landsat images covering the 64 scenes over Bolivia From 9 x 9
color transparencies and 1 250,000 black and white primts, 1 250,000 base
maps and thematic overlays are produced for a number of disciplines includang
geclogy, geomorphology, hydrology, forestry, and land use The significance
of this project 15 clear when one considers that only aboet one fourth of the
countty has ever been covered by air photos, and that the only maps that exist

of most of the country are 1 1,000,000 asronautical charts For most of the
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discaiplines, ne thematic maps have exasted for any part of the countrs in
addition to che general mapping effort, the group undertook special projeces
such as the routing of a planned gas pipeline through eastern Bolivia Tt 1s
estimated that che route chosen on the basas of analysis of Landsac data
will save several million dollars am construction costs over the route pre-
vicusly chosen on the basas of ipnadequate data from other sources The grous
15 acquiring an airborne multi-spectyal camera to be mounted in a small
goverament aircraft and is planning to establish a small combuter processi—g
capab:lity for more detailed study of specif:ic areas when recuired

A major FAO administred UKDP preject is the Investigation of the Chava-gzo

' Delta in Botswana as a Primary Water Rescurce, funded with $600,000 of LND®

funds and 51,000,000 of Botswana Govermment funds and continuing frem 1973

to 1977 The Qkavango, the ouly perennially flowing river in Botswana, and
vhose swampy delta covers 16,000 square kilomecrers, 1s potentially a great
source of water for a country whose agricultural and industrial developrment .=
lamited by lack of water Befeore any significant diversion ¢f water tahkes

place, however, a thorough analysis over several years on U722 gxtent and

variation of seasonal floodinpg, of flow patterns, of seasona. and vearly cnances

1n vegetation patterns will have to be made  And when twater 1s duverted t-e
resulfing changes will have to be closely monitored to avord or reduce
any harmful effects Since very litrle dara exists for che area, Landsat
provades an 1deal tool for collecting data to be combinec ~il~ measurenents
from hydrologic platforms and other ground sources

In another study, at the request of the Food and Agriculture Orgamizat_o-
and the Governmenti of Sudan, sciencists of the Laboratory for application o
Remore Sensing (LARS) of Purdue Lmiversity analyzed Landsat-1l data over the Z1
Fula region in fodofan Province, southwest of hhartoum  Tne eajective of

the study was to assess the utility of compurer-aided analvsis of Landsac dzte
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in preparing an inventory of the land, vegetatlon, and water resources of
Sudan's tropical savanna Results indicate that these technigques can provide
very quickly and efficiently ar scales as large as 1 20,000 maps delineating
important soil differences, vegetation complexes, surface drainage patterns,
erosion hazards, and present land use Since for most of the country few
surveys are available for the land, vegetation, warer and mineral resources
at scales greater than 1 1,000,000 or 1 400,000, Landsat data holds great
promrse for the Sudan, the largest country 1n Aftacz  The northern third
of 1ts two and a half million square kilometers is desert Much of the
remainder 1s semi-arid and, without careful plamning and management, is of
marginal use for agriculrure

Two of the United Mations reglonal groupings have also taken action
toward providing a remote sensang capability in thear regions  The Economic
Commission for Africa 15 establishang a remote sensing center for Africa
and the Ecoromic and Social Commission for Asia and the Pacific is conductang

a study for a remote sensing satellite ground facalacy
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3 3 World Bank Activicies

The World Bank has been 1nvelved in remote Sensing actlvities in over =
dozen developing countries Its Agriculture and Rural Developrnent Deparcoe-=
1s at present coordinating land cover mapping activities in Burma, Indaz,
Bangladesh and Zaire At one time or another ir has provided remote sens:i-z
fraining and expertise to such countries as the Philiippines, iIndones:a,

Malaysia, Tharland, Pakistan, Nepal, Srilanka, Papua, West Semoa, Salivador,

Honduras, the Dominrean Republic, Peru and orhers (Refs 2 and 3)

A cypical example 1s provided by the land cover mapping being condicce=
in Burma The Bendix Aerospace Division has been subcontracted to use
1ts Multispectral Data Analysas System (MDAS) to produce iand cover maps “=co
Landsat digital tapes at scales from 1 100,000 to 1 1,000,000 having the .o
dozen categories showm xn Table 5 3-1 Note that rice was not only discriz.-ztec
from other crops and matural plants, but rhar four different rice crops
0r types were idencified Since For many parts of Burma there evisted ~c
recent, large scales maps, the Laadsat maps will s:gnificantly enhance

that country's abality to plan 1ts land-use and improve 1ts food supplh
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Table 5 3-1

Burma Land Cover Mappang Categories

WATER FOREST

Unclassified Highland Mixed Forest (Diptocarps)

Cloud Shadow Lowland Coastal Forast (Mangrove}

bDeep Lake H1ll and Ridge Shadows

Ocean Major Distainct Species {1 e Rubber

Shallow Lakes or Conmifer}

Rivers Unknown Forest/Bushland

Shallow, Turbid Water & Coastal Secondary Distinct Species or
Curreant Apomoly {1 e Teak or Brushland}

Swamps, Marshland
QTHER
SMALL GRAINS

Sand/Salc Flats
Wetlands/Flooaded Fields Mudflaes/S11t Depousits
Pulses/Upland Rice/Dry Framing Urban/Industrzal
{Secondary Crop)} Single Crop Rice
{Tertrary Crop) Mited Crops plus

Rice

(Major Group) Double Race Crap

OTHER CROPS

Barren Land/Scrub Vegeration
Fallow Land/ULnknown Vegetation
Grassland

Riverine Shrubs/Peeds/Sugarcane
Palms/Horticulrure
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15 4 Intcer—American Development Bank Programs

’ The Inter-American Dewvelopment Bank uses remote sensing technology

as a tool in identifyimpg potenrial areas for project development, analyzing

icertaln phases of current projects and evaluating projects already

Icampleted  Central and South Amerzca  Thas actavity 1s carried out by an

Ilntardepartmental work group created in 1975 under the coordinatzon of

:the Bank's Project Analysis Department, including seminars to demonstrate

!the applicabality of remote sensing technology in development projects
Several member countries of the Bank (Bolivaia, Brazil, Chile, Colombia

]
:Ecuador, Cuatemala, Mexnilco, Peru and others} have been making uses of

remote sensing from satellites in a great number of projects (Ref 4}
One rllustrative example can be derived from the work of Carlos Breckma=n
j 1A Bolivia Brockmann stated that in making the evisting soil maps of
EBOllVla, a Brrtish contracr team worked eighr years to produce a verw
generalized soil map published at a scale of 1 2,500,000 at a cost of
$400,000 This cost undoubtedly included field sampling and analisis
Breckmann believes that using Landsat data he can make a more detailed sorl
map of the country at 2 scale of 1 1,000,000 rn two years at & cost of apc.t
520,000, sampling costs rot included He 1s initiating the effort ac this
1
time and hopes to have 1t completed in 1976  Porenctial benerits in saviass
of rime could, therefore, be estimated to be 4 1 and 1n dol:iars approninats.
20 1 Even with a signiticant increase in cost of satclilice daca 1o
the future, the potential bemefits may st1ll be substantial
Another esanple 15 a case study i1nvolving the analvsis oy computers
2

of Tandsat data in a 5,000 kn" area in northwestern Costa Rica  The aral -_x

demonstrated the applicarions of remote sensing from sarell:res and
the role of earth resources inventories as an important source ot infeors=--

tion It emphasized the value to policy makers ain making =anagerial

.
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decisions based on such data about the state of depletion of the natural
rescurces  The results of the project indicate that remeote sensing can

be an effective tool in identifying crop, forest, and other vegetative
covers, saline and other soil conditions, erosion problems, and drainage
pateerns. It also 1s useful ip delineating other meaningful ground features
in a Cropical environment whera the ecological conditions are generally

far more complex than in a temperate zome  An economic analysis of the
project suggests that benefits may be derived through reduced labor

requirements and development costs (Ref 3)

Research is being conducted by sorl scientists at the Ministry of
Agriculture 1n Chile to classify through computerized models the various
so1l groups, types and families, of the country  The long-range
objective of this research werk 1s to greate & data bank 1ncluding Landsat
data, whereby the multiple parameters necessatry LO estimate production
levels of various crops will be systematically classified and used as a
tool fo generate moxe efficient inputs in future agricultural development
projects

In ancther study conducted by T N P E of Sao Paulo, Landsat imagery
1s being used to map the natural vegetation units of central-eastern Brazil
Flant morphology, phyvsiology, and geomorphelogical characteristics are
considered to i1dencify each habatat  These habitats have heen verified by
promainent botanist and plant ecologists Distinct boundiries were found
between Atlantic, nired and seasonal forests {(spiny and sclerophyllus},
Brazilian savannah {(carrado, campo limpo) and grasses (campo) The results
are presented in the form of a vegetation map which shows the locatzon of
vegetation types 1n terns understandable to the users government planming
authorities, public services agencies, investment and special research

nstitute {Raf &)
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55 AID Remote Sensing Activities

Accordaing to Conitz (Ref 7 } the Landsat experaiments have provided
a source of dara which 1s not only vital te the development planning process,
bur which would otherwise be unavilable to most developinf countries

Well before the laymch of rhe Firsc Carch Resources Technology Satell.ie
the Agency for International Development (AID) recognized the potential
value of satellite data for use 1n resource exploration, assessment

and management, land use mapping and planning, and environmental moniterirg

in developing countries AID's interest was firsr rranslaced in actiom
through the sponsership of the Smithsonian Symposium on "Potential
Applications of Remote Sensing to Economic Development 1n Developing
Countrres" an 1970 This was followved by the development of am AID Pe-ore
Sensing Project which provided funding through FY 197§ and covered sucn

activities as the development of an International Training Course 1n Renote
§

Sensing at rhe ERDS Datra Center in Sioux Falls, South Dakora, an acTti iCh
which has continued successfully under USGS sponsorship, regional training

!

jworkshops in Panama, the Philippines, l}ali and henya, low-cost multissectral
:alrcraft surveys 1n Indeonesia, a major benefit assessment sStudy conawcted
by the Envaronmental Research Institute of Michilgan entitled '"\n Feorcole
Evaluation of the Utility of ERTS Data for Develaping Countries', specizl
studies in geology and range management in Afghamisran and the Sahel respec-
 tively, a study of the applicability of satellite data to disaster .oraim:
and relief, and graniks for stimulataing utalization and improving loca.

| capabrlitzes to Pakistan, Bangladesh, Thailand, Chile, Bol:wia, Phil.zolnes
Sr1 Lanka, and Lesotho A second project was developed by TASOST in G672
with funds provided by PHA, for am experimental project on the applicatior

:of Landsat data in demographic studies This project, which 1s now

underway in Bolavia and kenya, 1s testing the use of satellite gencre.rea

rdata for population estimares im countries where adequate demographic
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data are lacking Thus AID 1s helping more than a dezen developing countries
to apply Landsat imagery to che solution of food resource related problems,
ineluding agraicultural crop and land-use surveyss;t sorl erosion, coastals
sedimentataon, floed and drainage contrel, water resource evaluation, etc

In FY 1977, AID's Technical Assistance Bureauw will continue to mahe
grants avallable to enceurage utilization and to investigate new applications
whach are unique to, or particularly beneficial for, the developing
countries Inscitutional development has been recognized as one of trhe most
important steps in furrhering the utilizarion of remote sensing technology in
daveloping countries  AID will address thais need through the provision of
a Regional User Assistance Tacalry for East Afriea in cooperation with the
LCeconomue Comrassaon for Africa

Members of the Technical Assistance Bureauw zre also cooperating with
the Regional Bureaus in the design of agriculture, range, a2nd human settlement
prajects which utilize the benefits of Landsat technology i1n their dara
collection phases  Examples of these projects are the Masa:r Range Project
in Tanzania, cthe Mali Resource Inventory, the Sub~tropical Land Development
Loan 1n Belivia and tﬁe proposed AID/IRRD/FAQ project for the planming and
development of areas freed from cnchecerciasis in West Africa The Regicnal
Bureaus also recognize the need for training and 1nstitutional development in
remote sensing Since 197L, USOM in Tharland has supported a tralning project
with analytical equipnent and the provision of a full-time remote sensing
specialast In FY 1977 the Africa Bureau will establish a regional remote

t sensing training center 1n West Africa
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l5 6 NASA Scientifac Investigations and Data Processing
i

Seientific investigations from more than 50 countries and five inter-

i natwonal organizacions have been selected for ineclusion 1n NASA's landsat-1 EREP
}(Skylab) and Landsar follow-on ipvestiparion programs {see Table 3 6-1) Tre
‘type of investigation 1s selected by NASA on the basis of irs merit -.n

Ehelplng to brezk new ground for practical Lamdsat applicatzons Government

i
; dgencles 1n the respective countries finance such research programs a5~

i
, brovides the satellate data, techmical support and training

H
' In a typical NASA supported investigation, the American Lniversit z9olied

!
Landsat wimagery analysis to a study of drought conditions, rehabilitat.on
problems and development potentials 1n the Sahelian Zone of West africa (Pzf gy

First, the possibilities of reversing the process of desertificition 1— t-e

Sahel through simple range managemeat techniques were demonstrated ia t-e

course of analyses and interprecation of the imagery of western “iger
Second, a regional assessment of ecological zones for agraicultura. z~c .1 2-

stech production potencial based on analysis of Landsar inager: wzs 2c:5-plisned

with the provision of subsequent rehabilitation and development Tecc—zercaf.ons
to Sahelian governments Third, 2 new and ominous developneant (the re._c-al
movement of sands and dusts im unprecedented intensity, duration, zarc

frequency) was observed and relared, through Figld and inage ani: sis, z2

-—

deterroration of Sahelian plant communities and soil surfaces £ er tracliier,
these analyses show nany opportunities for rehabirlicartion and deveio~—=-t

of tha Sahelian region, but in addition, there 1s every indicatlo- t-z: I-e

regron 1s deteriorating ranidly into 2 'dust bowl" condition

NASA collects and processes the satellite data for nost inmwvest.gzz “=
The data collected by the satellices 1s transmitred to ope of the z-re- ==suna
receiving skatlons in the iLnited States, at Fairbanhs, ilasha, ac fo.czze-e

California, and acr Goddard Space Flight Center, Greenmbelr, “Marvlong
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The dara, after being collecred, 1s processed and converted into information
by NASA Then 1t becomes available to the users community (government
agencies, forelgn countries, industries, individuals} through daistrabution
centers such as EROS Data Center, near Sioux Falls, South Dakota  Th:s
center provides to the public at reasonable cost Landsat-l and 2 data

as either a computer compatible tape or photographic image  Beside the
ground receiving Stations in the United States, an operational statiom 25
located at Diuba, in the State of Mato Grossoc in Brazal, built to maximize
Landgsar coverage in thas South American country  Canada hag one 1in

Praince Albert and 15 preparing a second station Chile has recently signed
an agreement to give complete coverage of rhe Maritimes with NASA to acquire
and operate a ground station that will receive satellite data  HMASA's
satellice tracking scation i1n Colina near Sanciago could be upgraded for that
purpose Venezuela has expressed interest in havaing a receivaing station

The e¢ventual installarion of these two receiving staktions in Venezuela and
Chile respectaively would give complete Landsat coverage of Centrzl and South
America  Simalar regilonal data receiving facailities have been set up in
Italy and are being installed im Egypt, Zaire and Iran All of chese
stations are, at the moment, national stations, funded, owned and operated by
the country involved Each receiving station, however, will cover an area
3,000 km in radius and the agreements with NASA under which the stations have
been establisned stipulate that the station will respond to any requests

for data wicthzn thar area
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5 7 HWational Science Foundation Programs

The Natiomal Scrence Foundation has several projects wvhich relate to

remote sensing However since the rntent of this studvy was to review

programs outsade NSF, a discussion of these projects is bevond the scope

of this raport
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6 0 Suvmmary and Conclusions

With financial and technical support From the United Marions, the World
Bank the Inter—American Bank, AID, and NASA, developing coumntries shown in
Table 6=l are using Landsat or other spacecrafk amagery 1in studies related to
Food resources and other assoclated areas The pertineat applications
wnclude agricultural crop surveys, with an ultamate goal of predicting yield,
search for new fertile land zn ceastal and other areas, range management tO
reverse intrusion of desert sand and soil erosion, dAssesshent of water
resources, including irrigation, drainage and £lood control, land use manage—
ment to improve productivity, and varyous relared problem areas  The most
typical study is perhaps one where Landsat drgital tapes are analyzed by
computer systems such as rhe Bendix MDAS, G E 's Image-100, or ERIM's MIDAS
to produce a land cover map having as many as three dozen caregories, shoun
in Table O-¢ 1lhe selection of categories and classification scheme is
usually oprimized for each particular gecgraphic ¥egion and application
While 1in a few instances the categorlization was not detailed encugh to meet all
user requlrements, 1n most studies discrimination was sufficient to map
propertaes of interest in order to conduct detalled studies of crop production,
forest znventories, coastal mapping, and urban-industraal evaluations

The acguracy and relisbilaty of the land cover maps depends heavaly on
the spectral signatures of the categories, contrast and 1lluminatzon,
atmospheric conditions and availabalicy of ground truth In areas where
suffrcient ground truth was available and atmopsherac scatter was not
excess.ve, classificatron accuracies in excess of 807 have been obtained

 for most vegetation categories, Wlth many categories having accuracles over
907 Compared wath existing wmap accuracies in many developing countries,

swwhese results are quite accepiable for first-generation sacellite produces
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] The cost of mapping land cover from Landsat as compared Lo aircrafg
ior ground surveys wWas found to be from twice to about 80 times in Efavor
EOE the satellite approach Generally, the larger the area to be mapped
i
'and the more repetitive the coverage requirement, the bigger the cost
Iadvantage in favor of satellites These evaluations, howsver, do not
§1n¢1ude the cost of developing, testing, launching the satellire itself
:and the capital cost of ground facilities to receive the data and procegss it
Discussiens with Eoreign investigators to review projects in de elooimg
! countries seem ro point to the following shortconangs which should be
Iellmlnar_ed or alleviared in the future
a) Landsat and orher spacecraft data is still not availarle to ~zn
;users in developing countries This 1s particular rrue of universits
!sc1entlsts and local adminiscrators and planners tho are not part of t4e
ifederal establishment, particularly the proper govermnent grouo ar eo:
these i1ndividuals 211 do not hnow thar data exists and how to get :it
' b} Many of the early satellite images sent CO 1OVeESC1gatoOrs serc
poor quality 70mm Eransparenciles or 9 inch pgiers Hign gual:it Taps -ro-
Landsat digatal imagery have been produced omnly during the last 40 =urs
Having seen only the early film products, some 1nvestigators gaté ud Iro scon
oit Landsat
e) Landsat's 70-100 meter resclutiom 1s 1nsufficirent to resol o
land use 1in densely populated areas, inventorv certain coastal resourczs
or conduct decailed studies of crop production Im the earls 1%20's zrcsac-D
1s supposed to carr, the Themztic Mapper into orbit having a resoclut. - o

30 mecers and at least sis spectral bands However, for highly cetar_ -z

‘investigations aircraft napping missions ma)y still have to be comguctes
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d} Relatively few developing countries are using satellite data
to map their coastal rescurces and monitor therr coastal enviromment  The
productivicy of wetlands, estuarlas and coastal waters may offer relief to
coastal countries with food shortages Te use and protect thas resource,
wvetlands should be mapped and water properties monitorad, particularly those
which are related to finfish or shellfish abundance

) Space techmology 15 a capital intensive product of industrialized
countries, while develcping countries are labor intensive and often cannot
economically utilize such advanced technology  Thus 1n some countries it
may be more cost-effective to employ a large number of navive photo-ilnterpreters
to draw maps direectly from aerial photegraphs than te acquire and oparate a
sophistacated digital analysis system like MDAS or Image-100 As a result
many developing countries will continue ko rely on satell:ite datz analysis

from agencies or countries having such facilities
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Table 6-1 List of Less Developed Countries Using

Landsat Data for Food-Reseources Related Studies

AFRICA

Botswana

Central Afracan Republac
Egypt

Ethiopaa

Gabon

Guinea Republac
Kenya

Lesotho

Libya Arab Republic
Mali

Nigeria

Sudan

Swaziland

Upper Volta

Zaire

OTHERS

: Papua

West Samoa

o m—t—

i

REPRODU

ASIA

Bangladesh
Burma
India
Indonesia
Iran
Haiays:a
Pakistan
Philippines
3ri Lanka
Thaxland

CENTRAL AND SOLTH AE=ICA

Bolivia
Brazil
Chile
Colombia
Costa Rica
Ecuador
Guatemala
Honduras
Mexzeo
Panama
Peru
Salvador

ciBIITY OF THE
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Table 6-2

Typical Cover Map Classification Categories

Extracted by the Bendix MDAS from Landsat Dig:ital Tapes

UZBAN OR BUILT-UF LAND

High density developed
Rural-low density developed

Tended grass

AGRICULTURAL LAND

corn

Qats

Barley

Small grains
Hasland natave
Ha sfland tame
Plowed fields

RANGELBHD

Savannan
Shrubland
Brushland

High brush

Grass readow
Open range
Grazed

Prarric native
Dry grass pasture

BA=RTH LAND

Sard

Gravel pits
Sand tecches
Bare 3011 btypes
Saline soxl
Reaf flat
Algal rim

FOREST LAND
DECIDUOUS

Hardwoods
Red alder
Willow
Alder
Willow-poplar
Cottonwood
Aspen
Birch
Rainforest
Cypress
Citrus

EVERGREEN

Conifers

Upland conifer
Lowland conafer
Spruce

Sitka spruce
Black spruce
Pine

Cedar

Hemlock
tlangrove

HIXED

Spruce-hardwood

OTHER

Forest hurn
Native stands
Slash

WATER

Deep clear water
Shallow clear water
Turbid water
Turhid salt water
Saline water

Algal (eutrophic)
Tannin water

Aci1d dump

WETLANDS

Bog

Alkali bog

Wet sedge

Muskeqg

Fresh water marsh

TUNDRA,

Wet tundra
Moxst tundra
Dry tundra
Heath tundra
Alpine tundra
Tundra burn
Tussocks
Meadow

PERRENMIAL SHOW OR ICE

Snow
Glaclar ice
Lake ice

MISCELLANEQUS

Smoke Plumes
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