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SUMMARY PROPOSAL FORM

PRINCIPAL INVESTIGATOR (PIL) Government of Pakistan/Government of East Pakistan/East
Pakistan Water and Power Development Authority

ORGANI ZATTON/ADDRESS Dacca, Fast Pakistan o

PHONE NUMBER

INVESTIGATION DISCIPLINE(S) (LIST ALL IN ORDER OF IMPORTANCE)
(e.go, AGRICULTURE, FORESTRY, GEOGRAPHY/ Agriculture
DEMOGRAPHY/CARTOGRAPHY, GEOIOGY, METEOR-

OLOGY, HYDROIOGY, OCEANOGRAPY, Hydrology
ENVIRONMENT AL. QUALITY/ECOLOGY,
INTERPRETATION TECHNIQUES DEVELOPMENT Interpretation Technique Development

SENSOR TECHNOLOGY

WDLANOAUIIV . LTINS -7

PURPOSE OF INVESTIGATION (BRIEF DESCRIPTION) Evaluate the complemantary applications
of FRTG_A ata to F‘as+ Pakistan Artinan Pracoram
ERTS-A Data to Kast Pakistan Actlon Program,
CREOCRAPHTCAT TOCATTON Foat Pakiatan
NALN/\AAWTL 1L ALY AJ PU LWLV o RGN R WIS ) AICA W W LI CAlvde WWALS
COANWORARDT (FTRTC /AW VT AR /BOATHY TRTQ
J1L Nlaslun Lod \LJILL WA/ LAl LN L ll, dILLA v
WINNA DEATITDTEN { vire /NN NN
LTUNDO ROWULILLY |\ 12/ NU Y I\ (V)
ATA QA TVITATNC DA TRTIN b
NASA FUNDS RBEQUIRED b
OTHER FUNDS REQUIRED $162,681, SOURCE(S) Government of Pakistan

ATRCRAFT DATA FLIGHTS REQUIRED (YES/NO) YES

SOURCE(S) (NASA, DOD, CONTRACTOR) East Pakistan Air Photo Project
GROUND TRUTH REQUIRED (YES/NO) YES
TEST SITE LOCATION East Paklstan

NEW INSTRUMENTATION REQUIRED (YES/NO)  YES

NEW INSTRUMENTATION TO BE PROVIDED BY Government of Pakistan

IS REPETITIVE SATELLITE COVERAGE REQUIRED (YES/NO) YES

IS AUTOMATIC DATA PROCESSING EQUIPMENT (ADPE) REQUIED (YES/NO) YES

OTHER CAPITAL EQUIPMENT REQUIRED (YES/NO) YES

DURATION OF INVESTIGATION (MONTHS) 18 Months

FORMAT OF DATA  Bulk Filmm(Blgck and White and Composites) Precision Film

(B}aqk andjhﬁirge) and Composites and MSS Computer Readable Tapes
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1. INTRODUCTION AND BACKGROUND

The Govermments of Pakistan and of East Pakistan, assisted by the
at present engaged in a major program in East Pakistan focused on

e
elopment of land and water regources. The objectives of this so-
"Action Program'' are essentially as follows:

a. to intensify efforts to
results in the short ter

(2]

d. to develop a systematic and comprehensive approach to the
identificarion of congtraints and nnf'nnrin'ln and to egtab-

Rl AR AS Saate

2% 2172 ce cmnvman (omcemacdma ko Af Plandda
33 million acres \upp;u:u.mat.cxy the size of rwndu), with an

estimated population of 75 million people. Located in the
delta of the Ganges and Brahmaputra, it has, perhaps, the most
complex water control problems in the world. Flooding and
urnlnage are severe pfﬁnlems a[rééflﬁg between 40 and 70 per—-
cent of the Province during the monsoon season (May through
September). Conversely much of the Province suffers from
drought during the dry season (October through April).

s Aas e o A

b. Solls are fertile and two or three crops of rice can be grown
adequate water control and irrigation
c. During the past decade, agricultural production has increased
by only about two percent per year while the population has
increased at three percent aithough new rice types (e.g.
IRRI 20) are now increasing production significantly in local
aresas.

1/ The A refers to the first and experimental model of the satellite which
is scheduled to be followed by ERTS operational satellites in future
years.



d. Approximately 22.5 million acres of the total area of the

Province are cultivatad and there are only very limited

possibilities for expanding the cultivated area.

e. Agricultural practices are complicated by population pressures

as well as huﬂvn1nn'lhn1 eandd ti{Aana Averace farm gizes a
yarol conditions, Average Iarm sizes are

estimated at 2.4 acres.

f. Per capita income in East Pakistan is estimated at about 560
»143

among the lowest in t

Data essential to the review and survey of the wvarious projects
in the East Pakistan Action Program have, in the past, been inaccurate or
not available. New data gathering programs are being established as a
part of the Action Program. The proposed investigation will evaluate the
utilization of ERTS data to complement ex;sti;g programs in the East
Pakistan Action Program and perhaps to provide hitherto unavailavie types
of sequential survey data.

4 amm e PRPULY RPNy I S = LV e e |
1018 rcquesu was cparcu vy l.'I.L. E. Merritt Ly \JU iDL

L
World Bank. The "Principal Investigator' of the proposed ERTS-
in East Pakistan would be the East Pakistan Water and Power velo
Authority, acting on behalf of the Governments of Pakistan and Eas
Pakistan. The proposed program is subject to final approval by the Govern-
ment of Pakistan.
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OBJECTIVES

[
=
.

The overall objective of the proposed investigation i1s: 'assess-
ment of the complementary value of ERTS~derived information to that obtained
for the complex resource management and development program as described in
the East Pakistan Action Program.'

In the context of this overall objective, the goals of the pro-
posed investigation are intimately linked to the Action Program. Priority
items in the Action Program include:

(a) Basic Data Studies: to gather, interpret and evaluate basic
resource data on hydrology, soils, agriculture, topography,
etc. The proposed investigation of ERTS data will have an
objective to use ERTS data to complement the ''Basic Data
Studies’ of the Action Program.




(h) Wland Cantv»ral and WJatar ani-‘na- tn hoodn fha madar anale+rds

AV 4 AUV WAL A WA (=2 XA~ A AR Y [ 4 A L =1~ - U‘;BLK( (Y ¥ -3 IIIGJ A Al A AN
work on flood and drainage problems as it pertains to the dif-
£ wacsdama ~AFf +tha Dmawdm~Aa Taw +ha framarsaml £awm
J!:Ll:lll- L"sLUllE Vi LT LT AUV LIILCT anu l-U .I.Gy LIIT LLiIQUUTWULR LUl
Ionger range water control and agricultural developments.
The proposed investigations of ERTS data will parallel these
studies Lhrough emphasis on the mapping and evaluation of sur-
face water, LLuuuulg \Luuuuau:u area and ue:pLu estimation) and

estuarine dynamics (including related sedimentation and ero-

Apgricultural Studies: to evaluate the agricultural potential
of the regions of the Province and to broadly relate agricul-
tural development objectives to longer range planning of water
development. The proposed ERTS study objectives include de-
velopment of techniques for land use studies and, as feasibie,
estimating yield, estimating salinity of soils, defining irri-
gation seepage and examining the influence of water management
practices on the distribution of observable water.

~~
[¢]
~

(d) Comprehensive Program Evaluation: to review, analyze and synthe-
size the different elements of the studies in (a), (b) and (c)
into a comprehensive framework for long range development of the
Province’s agricultural and water resources management.

The propesed ERTS data evaluations emphasize the development of
complementary information which can assist the evaluation studies.

In summary, the Short Term, i.e. one to two years, objective of
the proposed program is:

(a) application of ERTS data to complement the inventory, analysis
and management planning aspects of the East Pakistan Action
Program with primary emphasis on:

i. Cartographic updating;
1. Land use mapping
iii. hydrology

The Long Term, i.e. two to five years, program objectives are:

(a) confirmation of ERTS-type remotely sensed data which may prove
useful as a continuing complement to data collection activities
for the Fast Pakistan Action Program;

(b) establishment of an East Pakistan interpretation center which
may permit maximum benefits to be derived from the ERTS and other
types of remotely sensed data.
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IIT. TECHNICAL APPROACH

The proposed investigation is multidisciplinary, with the complex
requirements for ground truth, aircraft observations, system modeling, etc.
largely met by the programs already planned under the GOEP Action Program.
The following section will discuss the approaches necessary for supplement-
ing the ground truth measurements, processing the ERTS imagery and corre-
lated data analysis and display.

3.1 Data Collection

3.1.1 Data Collection.- Ground

interpreting and evaluation of basic natural resources data on topography,
surface water, ornnnd water hvdrn]nov sni]ge aarirn]turp etc. These data

should be partially available by the time ERlS-A is launched in the spring

of 1972, 1/ Supplementary measurements wi]] bp necegsary to efficiently im-

plement the proposed hRTG investigatlon. These sgpplementary measurements
include the following:

The GOEP Action Program has, as a priority effort, the gathering

(a) spectral reflectances from .400 to 1.350 micrometers over various
surfaces, e.g. paddy rice, floating rice, soils and soil moisture
contents, tree canopy on the test sites to be selected in the
field; ‘

(b) wind speed, temperature, sky cover, relative humidity, etc. at
the test site (if not normally collected); and

[ curvay aof araa an Tand usag in tha toact cito amnlhiaai zine the
-y SUL YLy UL QiTd aiit iaQiit uoto 2 LiiL wToL Dive, t_luyuq. LLaiily wiC
area of farms included in the site. Crop calendars will be de-
voloned
V\—LVHCU.

Thaca Aata (Aveancmt AYY ahnatt1d ha A~nl1Tantad 1wl thdn Ana hasie ~F

AT OCT uasa \CA\_K— I \l—[[ D}lul-_l.l.‘l.l v \.\:I.‘LLC\..XLCH W.LI_II,!.[I Y238 = MWL UL
the overpass of the ERTS., Training programs will be planned for EPWAPDA
or other East Pakistan government agency personnel during a period approxi-

t ot
mately four months prior to the launch of ERTS.

The proposed ground truth site areas are presented on Figure 1.
T

U, '}

Tlle p_f le'y glounu L[ULII area .LS (,cuu_n_u lIl LHB CL Cl Ldl' Llle LUllL.l.utll(_t:
of the Ganges and Brahmaputra. Secondqu sices will be selected within the
ir

regular outlined area and along selected parts of the soutu coast.

‘0
"'$

1/ Data collection activities depend'on the scheduled execution of projects
which may have to be revised in view of current political situations.
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3.1.2 Data Collection - Afrcraft

The EPWAPDA aerial photography project is scheduled for initia-
tion in the near future. The General Consultants to EPWAPDA, (Acres In-
ternational Ltd. of Canada) jointly financed by the UNDP and the World
Bank, consider that the aircraft photographs are essential to the effec-
tive progress of the various projects proposed in the Action Program.

The overall program envigiong utilizing a gpecial aircraft and
cameras and establishing photographic processing facilities and a photo-
oranhin 'inh:rnrnrnt-l_on _raj_nino center in East Pakistan. The current
photographic survey plan envisions uniform, 1:30,000 scale, photography
for one season. Thig "Bagic Year" photography would serve as a datum
from which to evaluate change.

A part of the planned aerial photography program envisions a
multrd_oanartral 1/ anrveav miaocisan avar tha nnnc“'-annn area nF tha Canoang anr‘
MALA L & A DP(—\.’I.4LG.L 17 DA A ] AMA OO AWIEL LA A =P =2 = WwL/ARA A AR LSE ¥ 3 = Vallb\_ﬂ CAARNS
Brahmaputra (see Figure 1). It has been proposed that this area be design-
ntad A Anrdmare FRTQ araind +rafr afta (avrean -ln n'lv-n'lo on Ficure 1) Ad v
ancu [~ [JL J.llll:lLy PRI S 6.- WALENA YA UALLL [= 3 By S = fTarcva S = ria L 6 V] . AMNA M
craft missions may be run concurrently with the ERTS pass and subsequent
ranvreralatrda hatwanan tha adearaftr data and FRTC data ~ronnld ho asatahlishad
\_ULLC.LGLJ.UII.) vocLwoTolii Lllc GLL\_LCILL taLa aiiu Livi v yaLa Lvuulu v CoLaviliolITu

thereby calibrating the ERTS imagery.

Coordination of the proposed ERTS program and the EPWAPDA aircraft
- £
4

-------- hhmoa 1 d L add ~L e ~l 1 hewmcala &hn ~FfFfdn ~F
pLuUpLail dSuuvidid 1< L':dU.I.-Ly dLllLCVdU.l.C l.un.uug,u Lllc orrice o

EPWAPDA assisted by the General Consultants.

,
r
o

3.1.3 Data Collection - ERTS

The propoeed project ana]ysis and training activities will be
initially centered in facilities of EPWAPDA with the technical assistance
of its General Consultants. ERTS data taken over East Pakistan should
normailly be acquired by Fairbanks, Alaska. Present plans call for mail
delivery of the ERTS sensory data tapes to the NASA Data Processing Facil-
ity (NDPF) at Goddaxrd Space Flight Center (GSFC) for forwarding to East
Pakistan. The bulk display of the imagery will begin immediately upon ar-
rival. First copies of the bulk data should be available for viewing ap-
proximately three to five days after they are acquired by the satellite.
The ground truth observations should also be available at the GOEP analysis
facility in about the same period of time.

It is planned to select the spectral band passes to coincide with those
carried on ERTS. The area circled is that included in the GOEP project
proposal.

-t
~.



Because of the cloud cover limitation in summer, it is proposed
that sensory data be acquired on all passes over East Pakistan, Cloud
cover will gignificantly reduce the possibilities for seeing the surface
from May through September, e,g. the estimation probability of less than
50 percent cloud cover over a 30 mile diameter circle in June to August

is approximately 10 percent. It might be noted, however
pnrf'ltnﬂ nr‘lu at 9:30 a.m., when the ERTS data 1is sc 1

are the most cloud free times of the day.l/

The following types of ERTS data will be requested from NASA
auantitio a NnuUocraoo anaorinal roamiiivamanta ot~ arn gtatad in A
\iuull L - o 7 V Uh ’ D}IL«-\_ L= l.\—llU-LL(—lll\'llI-D ) CLLe «arLs. Daci.u AL

(a) bulk 9-1/2 inch color composites from Multispectral Scanner
Iucc\ and Ratunurn Raam UdAd ann MRUYY and K1aal nd whitn 70 mm
vy aliu NG LuL: wvoall VAULLUIL \Iwivy aliul IIJ.dL_I\. allu wilii Lo U 1tk e
positives of each band. (Color balance approaching Kodak false
ralas dnfenvnd A neard da mavimem caamaratd an l\'\‘-' ann wasatatd e
ULV L Allrralrlcu v PLUVLUC 1A AL UL ﬂcyaLa‘-LUll voLwecoil CEC LdL«LUlI,
soils and water.);

(b) selected precision processed RBV color composites for selected
Foont Avaas ~ g mern e bl -.-...51 ..... mamn s o Nnemerne mevd Namslirmsasnssd o o
LES L Aaicao, —e e U T diié conriuence area o1 uvanges 1 LI iHidpuLidy,

ya Bulk magery Tapes for four channels.
(Frame sizes will be selected on the basis of cloud cover
emphasizing areas with 50 percent or less cloud cover.)
e ] o) TY A Ae T2 h p W
Je L vata AlldlysS.ls rrogiradii
L2 o7

h N . | £ r - . - s
iisnedad in rour pnasess:

{(a) Phase A - Initial Preparation;
(b) Phase B - Launch to Four Months After (Experimental - Quick
Look)
c) Four Months to Light Months After Launch (Operational Experiment)
) Eight Months to One year After Launch (Operational Application
of Some Types of ERTS Data).

3.2.1 Phase B

In the initial analysis phase, the proposed primary test site
areas will receive maximum emphasis., Some difficulty is anticipated in
data acquisition i1f the ERTS launch is delayed until June or July when the
heavy cloudiness of the monsoon season is present, Assuming that the
scheduled March 31, 1972 launch data can be achieved, two months of satis-
factory coverage can be anticipated, i.e. three or four passes over the

1/ Tho 1w Phatn Pradornt nlanag Cida Tankine Radar Aav halaw ~land £14{ohte
_'_’ E R Y L=y LAk & 4 AEWW LY L L\JJ\»\_\- Lﬂ A L " A= ARII K\LIIE' nau al wva Ul AUW wiAUuu A LA 18 %0
with super wide cameras to offset the cloud problem.
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imary test area, resulting in three or four image data sets. (Our request
r data will be collected and carefully reviewed in Phase B but the primary
alyses will be conducted on the images containing the ground truth sites.)
@ proposed analysis steps are:

(a) manual transfer of identified patterns and tones in the ERTS
image to a large scale map of the test area;

(b) preparation of densitometric sections on each of the ERTS and
aircraft spectral separations over the ground sites which are
acquiring spectro-radiometer data;

(c) perform comparisons between the crop types or land uses derived
from ground truth and the initial spectral reflectance distri-
butions to delineate some initial spectral signatures. (On the
basis of the difference between the ground/aircraft spectra and
the ERTS spectra, estimates can be calculated to define the in-
fluence of the atmosphere on the measurements.)

(d) perform comparisons among existing surface water/drainage maps,
alrcraft image interpretations of the surface uater/dra{nage

distributions and ERTS imagery interpretations. The number of
sample areas in the Ganges/Erahmaputra test area should yield

results that can be subject to statistical significance tests

even though the total ERTS gample gize will be small;

(e) on the basig of the initial investigations of spectral gigna-~
tures and the geometric accuracy of imagery, a preliminary
land use map will be manually prepared for the Ganges/Brahma-
putra site and distributed to GOEP agencies for review and
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(g) special investigations will be directed toward "targets of

Annavtandte'! tha Avserd o the early ERTS sericd Far
UIPUL LUI.ILI-] I.llal-. Illﬂy GPP’:GL UU‘LLIIB l-lll: CGL y | YL e ) VCLJ.UU. &L

example, if significant flooding occurs, analysis would be ini-

rd atad ma rh A nd danth (4F amnandihla Aana fant and Faur
LALLM LU llup l.llc CAI—CIII- ﬂllu UCPLII \41 PUDOLULC’ VLT AUV L aLua LUUuL

foot depths). Also the influence of the low-1ift pump and tube-

331Vl Ll aned Aad e nalawtal awmaan Thaca ermas

L AP S .LI.L.LE,GLLGI can UE: CMIIILLICU in BTLCOCLLETU arcad. LIICSC Lypt::
of investigation will necessarily be poorly defined prior to the
actual arrival of ERTS data.
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3.2.1.1 Transfer of Tonal and Spatial Patterns

Past studies have shown that multispectral imagery can readily
be used to identify crop species providing that interpretation "keys'" are
available. 1In the proposed tonal and pattern transfer activity, the em-
phasig will be directed to:

(a) wusing the "keys' developed by other investigators to differen-—
tiate among water, vegetated surfaces and bare soils;

(b) defining a coding scheme to permit transfer and depiction of
the tonal signature/crop or land surface identity on moderately

"""" ’

large scale, e.g. 1.125,000, maps of the test area.

For example, healthy wheat will present a dark tone (high density)
on the Band 2 (red) of the ERTS RBV or MSS and a 1iohr tone on the Band 3

(photographic infrared) of either the MSS or RBV. This difference may be

enhanced in the ERTS imagery gince the atmosnhere will normally tranamit

- At persa

infrared reflected radiation more readily than green or red. Healthy rice

Finlﬂs should have 2 gsimilar tonal sienature
Iielad shouid hav sim nai signature,
Tha nrahahla eason Far +tha hanlthe oraanm wacatatrdnan raflastancra
e A= PLUUa'JLc - ODWLL A il AL Wil bﬁccll vcbcl—ab.&\lll LGl il QLo
tone signature lies in; (a) the presence of chlorophyll which absorbs
mad 14~ ~31 (R ¢ha ores ~fF an laa~ls mmarnasee macnanmbhell shdah 1o
rea .L..A.5UL ana (o, tne pres Oi & uca.LLuy SPpONigy mMEeSOpryssr WOlilii 18
h

highly reflective in the photographic infrared.

Water (non—turbid) will be identified by low reflectances in all

e h o £ an v AC1-,.A-—.-...- fDrawmd 1 DD‘Y

bands but p::.LLLLu.LaLJ._y for VEry .i0wW infrared reflectance {(Band 3 RBV or

MSS). Bare soils, while possessing a variety of gignature, normally pre-

cant 2 gdonatire Ld ol o €T cemm e 2 sl wod fBo—d 9 DRU

sent signature with moderately nign reriectance in tne reéda (band <« nbv
r MS

a
SS) and low reflectance in the photographic infrared (Band 3 RBV or

b, . 2 __ .t ) PO N T O Y S - s 2 I IR POty [ |

In the inltial analysis, the tomnal ig iatures will be evaluated
by densitometric measurements to establish tonal categories for vegetated

A

L&llu, Udr!: SO]..L anu water. hacer ]Leracx.ons WLLL empnd81ze dIlaLbe.S OL
those signature characteristics that may permit discrimination among the

= = s - A 3 _.4‘_'__4,

various types of the vegetated surfaces that may be present.

The coding scheme to be derived will probably use letters or
symbols to identify the surfaces. If standard map nomenclature is in use

21 1

in East Pakistan, this approach will be examined and used if practical.

3.2.1.2 Preparation of Densitometric Sections

Densitometer readings wilil be taken over test site areas which
are contained in both the aircraft images and the ERTS images. These
readings will be initially plotted on an arbitrary scale to provide relative
gpectral differences over various crop types, land surface types and water.
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Calibrated and quantitative measurements from the RBV and MSS could be

derived from the digatal tapes and used, but the aircraft images are not
well calibrated so efforts bevond the uge of relative valueg do not seem

justifiable.

3.2.1.3 Comparisons and Atmospheric Consideration

The density measurements will be compared, in a relative sense,
round measurements ocbtalned with the proposed ISCO Spectroradio-
tical correlations of relative differences between pairs of

S
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hree sets of '%""i“gs 'w'il’ prc“idc an estimate of 04.5uau\-u.!:
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calibr tion for the ERTS sensors. The effect of the atmosphere on the
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examined through model atmospheric calculations.

The atmospheric calculations can only be approximated using
ferent types of Rayleigh and combimations of Rayiéigh and turbid
Some of these model calculations have been accomplished using
DV auu L'I.DD J..LJ.LC[ cnaraccerlsr.lcs. These ca;cu;aclons 1n<11cal:e
rcent reduction in radiance sensed at the satellite for a turbid

h (non-turbid) atmosphere for a surface
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The atmosphere over East Pakistan is assumed to be a highly turbid
atmosphere throughout much of the year; hence, all neasuremeits at the
satellite will be significantly attenuated. Spectral signatures which
demonstrate high infrared reflectance, however, may be enhanced for certain
kinds of surfaces, e.g. rice, trees, etc., with Rayleigh atmOSphere because
the al:mospnere transmits the LK more reaally r.nan green or rea. Seasonal
changes in the atmosphere will also modify the satellite-sensed tonal
signatures, thus, seasonal signature evaluation is important to future
operational applications.

3.2.1.4 Water Surface/Drainage Comparison

The tonal signature for water is generally unique, i.e. little
or no change in tone with wavelength; hence, the mapping of surface water
and related drainage will be straightforward. In the proposed task, the
area of water in a given image area will be calculated using normal plani-
metry approaches, i.e. either using dot counts or a polar planimeter.

The comparison of drainage ''patterns' is more complex. One
possible approach might be through comparison of maps of the drainage
derived from the aircraft and from ERTS, noting the area of difference
between the two through overlays.



The tasks described in the prev

agsks described vi
to the preparation of a land use map. A 1
n'l anniéd,. Other scales r'nuld he uged to as
standard map systems of
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The approach to mapping will, therefore, be:
(a) a2 review of the ¢ ctral gionatures develoned for each tegt
{a) a rev 7 the spectral gignatureg cgeveloped for each tegt

(b) identify all of the areas in the region that have an ERTS tonal
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densitometer will be used to measure the "unknown" area),

(c) use a coding scheme (the symbols or letters could be expressed
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surface and water distributions over the ar

3.2.1.6 Automated Land Use Map

Purdue University's Laboratory for Agricultural Remote Sensing
(LARS) has developed a computerized system for mapping land use from re-
motely sensed data. The LARS system uses '"signatures'" derived from multi-
spectral remote sensing. The LARS concepi is simple although implementa--
tion is complex,

A brief explanation of the LARS system may be useful. In the
case example, three bands of imagery in three narrow spectral intervals
from green through infrared have been acquired, At the same time as these
imagery were acquired, field measurements were taken over various crops
or surfaces in some area. The known "ground truth" signatures are used in
the system to teach the recognition scheme to separate different classes
of surface features. The discrimination computation depends on assigning
a probahbiiity density, in vector space, for each class of surface to be
discriminated. The assignment procedure requires an assumption of the
shape of the statistical surface representing the signature; LARS has used
a Gaussian assumption, Following this, the surface feature class is as-
signed a sample vector. A thresholded maximum likelihood ratio strategy is
then used to separate sipgnature classes,

The use of this approach for land use mapping in East Pakistan
will be facilitated by the proposed ground truth program to measure sample
gpectral data. The small number of different object surface classes over
a given area should also ease the computations.



NASA has modified the LARS program to operate efficiently on the
UNIVAC 1108 computer at liouston. If the modified LARS program were avail-
able at the NDPF at GSFC, some test work might be performed on sample
areas. In any event, a 360/44 system appears at present to be the smallest
practical operating cystem on which to operate with the LARS program. The

360/30 at EPWAPDA will probably not be suitable for the LARS program although

some consideration will be given to the problem of modifying the LARS operat-
ing system to operate on smaller systens,

3.2.2 Phases C and D

In the Phase B analyses,; primary emphasis is directed to a few

(one or two) selected test site areas., In the Phage C and D analyses,
the analysis area will be expanded to include the parts of the entire
Province of Last Pakistan with enor-'l»n'l nmnhﬁeic on flpvnTnn#na data which
F ince of Eas akistan with spe g 1ich
are complementary to the data program and requlrements of the various
mratantg in tha COFP Actian Praoorn Tegt gites will be astablighed on
IJLU.]C\_LD 411 LA \C AV PN LA LML i LUELGI'I. A W A LT A A A L = QAL & AN a
a data priority basis, e.g. if additional data are Pecessa to confirm
A mnawkd aislae anantral gd onatiied | Tl gemimd Fvath n'{ﬁnmnnfc will ha
d pditiluldl Jptlitial SLpIALULTy LHT plulUuliid Cirueu measuremencs wiii o©
taken at the lccation or locations which best 1llusitrate the particular
e ansd canrfaca + Pradant nrinvity crnuld alea ho a reasan far oca
\,‘.U!I’ ALl DU‘-LG\-‘—, A TR Y ] 3 I.V_J‘-\_\- l.lL.l.\ll.Ll-] wlrad. QJ.'OU [ ¥4 = << A S CALT LLE £ &
tablishing and/or moving a ground truth sité; e.g., flood damage surveys
av often take ton o1 {+v and e¥sund £ruf gifes mav need to be egtab-
Illuy wLLcie Lanc MUP l‘l. AU L L \._y aiiu sl.Uullu L i =¥ S =1~ ] Illu] LT Cu - o -9 Lals
lished. Specific investigations and/or applications to be conducted dur-
dny Dh e ' armd 1N cenee 1A dematicdn e
& lg i TO L dlu U wUulLu lililcaiulce,
£ -\ PR, [, A€ deramdend A mam b abd o Menvall an I ae mmsatal
\d) uce .LUPHIC“.L or i HPI.UVCU i lLLLpLLLdLLUIl l\CyD allujuL ospcuiiald
signatures through analyses of a stdtistically significant
PR T ML b abtd tiinee f me mBermdan bk o A T mer o d erma:l A o
SdAdip Le, Lite Lecn u.qucb UL ld.l.ybl.b LU veE Tiipluycu woulLrud Pdl_
allel those of Phase B outlitied in Section 3.2.1.2, e;g.
B L S R U S ~ &£ Al Thnmo PR | Y -~ I T oy
dEeNns1ilomeiry over seciLions 0L tne LRlo 3 11 pUSS1IDILIE, COLI™
current dircraft imagery:. The scanned sgzctral reflectances
will then be correlated with thé spectroradiometric data and

atmospheric influenceés on the spectra will be compited;

(b) preparation of land use/themdtic maps using both fanual and
automated techniques for other project areas arid other
periods over the same areas in the GOEP Action Prograi;
Sections 3.2.1.5 and 3.2.1.6 define the mapping procedures;

preparation of pseudo-orthophoto maps and photomésaiés:which
should permit the updating of exlsting maps of cultural and
physical features, Modified orthophoto mapping te chnology
will be applied as appropriate and oh the basis tliat money
may be available within the GOEP Action Ptogram. No funding
estimates are provided for this work in the proposed iiivesti-
gation;

—~
[p]
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(d) preparation of maps to show changes in physical features defining
major erosional and depositional processes., These maps will
generally be prepared manually for large areas. Tests will be
conducted to examine the use of automated change detection ap~
proaches over small geographlc areas;

(e) studies will be conducted using the maps and automated imagery

b), (c) and (d) to establish the potential for
of flood area and dpnrh (Section 3.2.1.4 outlines
or

...... L= AL ST ARN LLALALCS

[e4
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technique for flood water mapping), flood water sources (in
those cases where the causes are not well nndprqrnnﬂ\ to 1dpn11Fv

papulation patterns, to distinguish irrigation from low-lift

pumps and tubewells from other irrigation svste to manp bro
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forest types and distributions, etc.;

(f) ERTS data formats and displays will be examined in the light of
Q"wa r‘nf‘a requ 11 ramoante nf tha variniie aidmularinan madale haino
the -equirements ¢f the varicus simulation medels being
developed by regional consultants (i.e. the Southwest and the
N{\‘.th ast Roeaotanal Stndieace) and thags mmdoar tha Harvuanrd Ini voreci v
AV LY 3 = L5 L\\—}.‘-I.\lllﬂd- T U AN (At YR Lo R WIS 3 ) AL AA A Lo 3 == diddir vai WEILA VLD A L
Program, For example, the Flood Simulation Model may be comple-
mented by ERTS-derived information on the existing state of a
given river channel and thereby permit more realistic prediction
mnE Eritrivn oaffantn af ammnanlAdowrdnen Av dasshTla amh an I.-:.-.n Cdend 1 awlar
A\ 8 AuUuLuilc 1 8 TCTLLD vl CHIPULUC}LL]J}, VL U uuvac it al f\.l.llb vJalhidalk 0y
the Ground Water/Surface Water Interaction Model may find ERTS~
Am endersnd e Lnamnmtd mn men ek el d emead cntd s P B e e T L Ry =
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river levels useful in their implementation phases.

The poqsible capability of the satellite to provide sequential
1 p

data over relatively large areas should prove invaluable to the practical
implementation of agricultural management models.

In summary, the Phases C and D analyses will be directed toward
application of ERTS data to complement the GOEP Action Program data gather-
ing programs, Straightforward remote sensor applications, such as surface
water mapping, will probably provide a useful data complement early in the
investigation. On the other hand, the techniques for identification of
rice types may not be as readily implemented and would only be available
at later stages of project analysis.

IV. ANTICIPATE

The proposed investigation of ERTS data of East Pakistan is
anticipated to yield the following specific results., If gsatisfactorily
achieved, these results could provide a significant complement to data
being collected for thc Last Pakistan Action Program. Anticipated results
of the project discussed in the previous sections may be summarized as
they pertain to the following sectors:
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Cartographic Sector

(a) Cultural feature mapping and updating;

(b) physical feature mapping and updating;

{(c¢) extension of geographic grid coordinant base utilizing the
Universal Traverse Mercator (UTM) system, already employed
for photo interpretation im the southern coastal regions,
to the remainder of the Province; and

(d) the data presented above may well assist in eventual declassi-
fication and removal of security restrictions presently affect-
ing development operations.

{(a) Snow melt (Himalayas) influence evaluation;
(b) sequential flood monitoring;
(¢) recording the extent and depth of flooding (one foot and

four foot depth estimates desired);

identifying flood water sources (fluvial, rainfall);

mapping distributions or anomalies of high soil moisture content;
mapping of erosion and deposition; and

estimating the location of the interface between salt and fresh
water, i.e. defining the 1,200 ppm line.

Agricultural Sector

(a) Mapping existing land use patterns;

(b) mapping the seasonal variations in crop distributions;

(c) differentiating rice lands from other crops in the monsoon
period;

(d) delineating the areas of different types of rice, e.g. Aman
transplant from Aman broadcast and IRRI 20 varieties;

(e) differentiating rice areas from other crops in the dry season;

(f) delineating significant crop stress areas and estimating poten-
tial yield; and

(g) delineating of major forest types of various parts of the
Province.

Miscellaneous

(a) Defining population patterns and correlating them to densities;

(b) delineating areas influenced by storm surges and cyclonic
storms;

(¢) redefinition of road and river embankment sites as they relate
to observable erosion and deposition;

(d) didentification of possible sources of construction materials
by geologic structure (rocks, sand); and

(e) distinguishing low~1ift pump and tubewells irrigation areas
from other irrigation systems in the dry season.



by EPWAPDA and its General Consultants from the NASA Data Processing Fa-
cility (NDPF) at GSFC. Once the data have been received they will be
subjected to various handling or processing procedures. 1In general, the
procedures can be divided into approximately three activities:

(a) Logging and Acceptance;
(b) Preprocessing and Preparation; and
(c) Analysis

In the proposed East Pakistan investigation, film products and

computer readable tapes have been requested. The film products will require
different processing and analysis techniques than the tapes.

5.1 Film Products

5.1.1 Logging and Acceptance

Film products will be viewed immediately upon receipt in the
analysis area and principal points plotted on outline coverage maps of East
Pakistan. The principal points for each series of photographs, i.e. for
each four-day coverage period will be jdentified on a single map. This map
will be the primary coverage file reference on firm data received. List-
ings, provided by NASA, of the frame times, location, etc. will be cross
referenced to the coverage maps.

Data quality and cloud cover will be evaluated and logged. Clocud
cover will be assessed as percentage cover over the entire scene and in
each quarter of the scene.

5.1.2 Preprocessing and Preparation

In the proposed investigation, the film products provided by the
NDPF should be satisfactory for analysis and little preprocessing will be
required. However, in order to assure consistency in the anslyses, mea-
surements of the density over various tonal areas and on the stepwedge 1/
will be accomplished using a densitometer. These density measurements
will be recorded as a function of time.. In this way significant diffi-
culties due to photographic processing or sensor response may be minimized.
Variations in the quality of the film products can thus be monitored and
reruns requested if the standards are not met.

1/ Stepwedge - a gray scale placed on the film during processing in NDFF.
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5.7.3 Analysis

The analysis of the film products can be achieved in any number
of ways. The simplest involve manual transfer of data from the image to
a larger scale map. This transfer is easily accompiished through a common
grid mesh, Other approaches include projection concepts whereby the image
can be projected onto a transfer map., Digital scan techniques are also
possible but expensive, Utilizing a combination of manual transfer and
projection to prepare land use/thematic maps is planned. Digital techniques
will be reserved for the processing of the computer readable tapes.

Some experimental color composites may be evaluated if equipment
is available at NASA., Current evaluations suggest that the Infrared Ekta-
chrome color balance should be satisfactory.

5.2 Computer Readable Tapes

Computer readable tapes would be ordered on the basis of frame
areas with 50 percent or less cloud cover. Ideally, this order would be
submitted after the film products have been received and evaluated. Other-
wise, the NDPF will have to make the gselection.

5.2.1 Logging and Acceptance

The tape receipt procedure would require only that the related
date, orbit, frame number and frame size, i.e. whole, quarter, be logged
and filed. Acceptance testing will need to walt until the analysis phase.

5.2.2 Preprocessing and Preparation

It is assumed that the tapes received from the NDPF will be rea-
sonably "clean", i.e. the identifiable Gaussian noise will have been removed.
If this is not true and significant noise 1s present, then the tapes may
need processing through a filtering routine prior to operation with the
LARS program,

5.2.3 Analysis

The digital analysis proposed has been largely limited to auto-
mated land use/thematic mapping through the use of LARS-type programs.
Some use may be made of digital printer displays of small sections of in-
dividual frames to provide a full resolution view in order to evaluate the
utility of these type displays in an operational interpretation scheme,

5.3 Photo Reproduction

It 18 anticipated that the NDPF photographic products will be
satisfactory for the proposed investigation. Duplication may be req
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but this should not influence the studies.
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5.4.2

(a)

(b)

(c)

(d)

(e)

(£)
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(h)

The anticinated products to be derive from the invegtication
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of East Pakistan rice, bare soils, water, etc. from ground
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attenuation factors will be calculated for each experiment day;

initial evaluation of ERIS potential will be made for surface
water and dralnage pattern determination. Maps will be presented
if possible for selected areas showilng surface water as derived
from aircraft and from ERIS;

two land use maps for the Ganges/Brahmaputra test area wiil be
prepared by manual methods and by the LARS-type automated system;

annotated images and maps showing coverage and cloud cover will
also be prepared.

Phase C and D - From Four Months to End of Program

Detailed seasonal spectral signature specifications for various
crops, soils and water surfaces together with atmospheric attenu-
ation corrections will be applied to ERTS signatures;

land use/thematic maps will be made for selected areas of East
Pakistan;

land use/thematic change maps will be made for selected areas of

East Pakistan to illustrate seasonal patterns;

erosional/depositional maps of selected major river and coastal
area changes, such as the increase of char areas, will be depicted;

studies and maps should i1llustrate the extent and depth of flood-
ing over specific Action Program project areas;

studies and maps distinguishing low-1ift pump and tubewells
irripation from other areas of irrigation in East Pakistan will
be attempted;

studies and maps showing the location of potential construction
materials will be undertaken in this phase;

annotated images and maps showing detailed cloud cover as de-
fined from the LERTS cloud evaluation will be analyzed.



The proposed investigation of ERTS sensory data application in
the Action Program for East Pakistan will utilize sensory data from the
RBV and MSS sensors over various areas of East Pakistan., Basically, the
entire Province may be considered as the test area. Study emphasis will
be on practical applications of ERTS data to proposed development projects.
Figure 1 presents the area of prime remote sensor focus within a larger
area of high interest within East Pakistan.

6.1 Test Area Cloud Characteristics

East Pakistan is largely cloud covered in the months of May through
September. The egstimated unconditional probability of equal to or less than
50 percent cloud coverage over a 30-mile dlameter area at 0930 Local Time
is approximately 15 percent. From October through April the average rises
to about 60 percent. January has the least cloudiness with a 71 percent
probability. It is important to note, however, that these statistics do
not allow for cloud distribution over areas smaller than 30 miles nor do
they include cloud type. It is anticipated that substantial areas of
ground may be visible through the clear spaces between the predominant
cumulus clouds, Therefore, and whereas the proposed investigation has
considerable importance to the GOEP Action Program, it is requested that
sensory data be taken on each avallable pass over East Pakistan. The area
completely covered by clouds will be screened on the basis of initial bulk
film review. Color composites and computer readable tapes would be ordered
after review of the initial bulk data. A listing of the types of data and
estimated amounts is presented in the following section,

6.2 ERTS Product Requirements

6.2.1 Bulk Film Products

(a) Nine and one-half inch black and white positive and negative
trangparencies from RBV and MSS, The estimated amounts required
during the three to four day period of East Pakistan coverage
are 84 positives and 84 negatives,

(b) Nine and one-half inch color composites, positive and negative
transparencies prepared with Infrared Ektachrome color balance
from the RBV will also be used. The MSS should be composited
to provide information from Bands 2, 3 and 4. The estimated
combined amounts of the negative and positive RBV and MSS color
composites (assuming 50 percent cloud cover or less for any four
day period) are:



January ~ 48% July - 8
February - 48 August - 8
March - 40 September - 8
April - 32 October - 8
May - 12 November - 12
June - 8 December - 40

* Number in one four-day coverage period.

6.2.2 Bulk Computer Readable Tapes
Only the MSS data in computer readable tape format will be used.
estimated number of tapes, all four channels, per three to four day
rage period is (assuming )O percent or less cloud cover over some quad-
of the frame):
January - 48% July - 8
February - 48 August - 8
March - 40 September - 8
April - 32 October - 8
May - 12 November - 12
June - 8 December - 40

* These numbers are the same
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6.2.3 Precision Film Products
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scenes will be requestea \an estimated five
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Precision color composites for a small percentage of the total
to ten percent will be used).

1

Summary of Requirements on Annual Basis
{a) Nine and one-half inch Bulk Black and White

(negative and positive transparencies) 2,184
(b) Nine and one-half inch Bulk Color Composites 624
(c) Nine track Computer Readable Tapes 624
(d) Precision Color Composites

(oY
1244

(positive transparencies)






EXHIBI! 1, APPENDIX B

ERTS-4 IMAGE DATA REQUIRENENT

PAGE 1 OF 2

PRINCIPAL INVESTIGATOR (PI) Government of East Pakistan: East Pakistan Wetcr and

Dorrare DT mymant Ao ol
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TRET CTTE . Fast Pakistan TNSTRUMINT RBYV
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PERYODS (IN ilONlHS) DURING WHICH DATA IS REQUIRED
from ~ to from ~ to from - to from -~ to from -~ to from - to

I.aunch to end of mission

REMARKS: v . .
Data to be evaluated over all seasons.

PERCENT CLOUD COVER PERMITIED

50 percent on color composites. All passes

over ast Pakistan should take data.

SINGLE--BAND PRODUCTS

© PRECISION BULK
BANDS BANDS
PRODUCT 1x 2x 3x 4 1X 2X 3X 4
Neg. Xparency 31 260 260 260
Pos. Xparency 31 260 260 260
Pos. Print
Dig. Tape
COLOR COMPOSITE PRODUCTS
PRECISION BULK
BANDS BANDS
PRODUCTS 1X 2X 3X 4 Quan. 1X 2X 3X 4 Quan.
Pos. Xparency 31 156

—ome e —

Print

'R

The GOEP/EPWAPDA will be assisted in the project by their General Consultznts
(Aovroa Tnkornantional T+4d.) and the Snerinl Prodacte Danavimant " a “
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Division of the World Bank. (1818 H Stireet N.W. Washington, D.C. Tel:

Wamk Dot



RTS-A IMAGE DATA REQUIRFMEHT PAGE 2 OF 2
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PRING IPAL TNVESTIGATOR (Pi) Government of East Pakistan: East Pakistan Water and

Powar Develonment Authority ..1./

(o]

AFFILIATION _

TEST SITE: [Fast Pakistan INSTRUMENT : MSS

PERTODS (IN MONTHS) DURING WHICH DATA IS REQUIRED

from - to from ~ to from - to from ~ to from - to from ~ to

Launch fo end of mission.

REMARKS :
Data to be cvaluated over all seasons.

PERCENT CLOUD COVER PERMITTED 50 percent on color composites/Tapes.

All passes over East Pakistan should take data.

SINGI.E-BAND PRODUCTS

PRECTISION BULK
BANDS BANDS
PRODUCT 1 2 3 &4 1X 2X 3X 4

260 260 260

260 260 260

Neg. Xparency

Pos. Xparency

Pos. Print

Dig. Tape . - 624

COLOR COMPOSITE PRODUCTS

PRECISTON : BULK
BANDS BANDS
PRODUCTS 1 2 3 4 Quan, 1 2¥X 3 X & X Quan.
Pos, Xparency __ 156
Print 156
l/ The GOEP/EBQ;.EIIEAQ_ will be —;ggiste:d 1n“€}:r: project by their Genzral Consultia
(Acres Intermational Ltd.) and the Special Projacts Department, East Pokis
Division of the World Bank, (1818 H Street N.W, Washington, D.G. Tel: h7{-
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The proposed investigation of ERTS—A application to the East
Pakistan Action Program will be initiated in East Pakistan by the Water
and Power Development Authority (EPWAPDA) with assistance of its General
Consultants (Acres International Ltd.) and the World Bank (Special Proj-
ects Department, Last Pakistan Division) in Washington, D. C. The logistics
of ERTS data handling will be facilitated through a receiving and evalua-
tion office in the Washington area to be operated on behalf of EPWAPDA.
In this way, the data quality can be checked prior to shipment to East
Pakistan and ordering of color composites and computer readable tapes ac=-
celerated. This approach should reduce the possibility of lengthy delays
due to shipping errors, errors in processing, etc, An EPWAPDA Engineer
working clesely with the General Consultants will be assigned to exercisc
overall management of all aspects of this progran,

II, FACILITIES

The photographic Interpretation laboratory of EPWAPDA is basically
equipped to handle most aspects of photo interpretation and analysis and
may be utilized for the project. All standard interpretation and mapping
equipment, e,g., stereo viewers, light tables, etc. are available.

III. EQUIPMENT

3.1 Specialized Ground Truth

Much of the equipment needed for the proposed study is readily
available, Illowever, instrumentation for ground measurements of special
reflectance characteristics of various surfaces, e.g. crops, soils, water,
etc.,, is not available, Since these data are essential for the evaluation
of spectral signatures developed for use in the LARS-type of processing
system, the purchase of one Spectroradiometer will be needed. Some slight
modification may be required to reduce the field of view to five degrees

Tt 18 anticipated that the major part of the meteorological mea-
surements required by the experimental program will be available from other
data collection programs in the area.

3.2 Government Furnighed Equipment (GFE)
—. o o A3 /
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3.3 Automatic Data Processing LEquipment
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the LARS~-type processing, Extensive program adjustments are required, the
LARS programs were developed for a 360/44. This is assumed, of course,
that NASA can make the LARS-type program decks and documentation available
at no cost.

IV, PHASE SCHEDULING AND PERSONNEL

4,1 Phase Schedules

A four-phase program as presented in Table 1 is planned.

Phase A, beginning six months prior to launch, will emphasize
planning, training and equipment review,

Phase B, beginning two months prior to launch, will see the
implementation of the investigation program, personnel hiring
and initial analysis of the ERTS data. Program reviews are
scheduled at one and four months after launch. Program cut-
off could be initiated at either of these reviews depending
on the satellite sensor status,

Phase C, beginning at four months after launch and continuing
until eight months after, is planned as a period of critical
analysis. A program review is scheduled at the end of this
Phase. Success during Phase C might increase study efforts in
Phase D.

Phase D is a five month phase of intensive data analysis and
correlation. Maximum data rates are expected to occur during
this period.

4.2 Personnel

The anticipated personnel required for the proposed analysis
are presented by skill category in Table 2. The number of personnel are
closely related to the phase. EPWAPDA personnel will be supplemented by
the staff of the General Consultants and other technicians as may be
required.
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V. FUNDING

Funds for the proposed investigation will be provided or secured
the Government of East Pakistan (GOEP). No requirements for NASA fund-

34
J
ng is envisioned. The GOEP funding will cover both the local and foreign
xchange components. Estimates of the total funds require »d are:

e

Ul

h Foreieon Exchanpe Component 5115 000
C. I'orY gn nxchnange Lompoenent 132,000
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become more familiar with the ERTS data. Estimated costs are tabulated
in Table 3.

VI. AIRCRAFT FLIGHTS

Plom atmmand wsmem oo Fmae WACA m~an el mee 1 Q Nnvrmcmcscmmcn b o d ammeam & 2
no chu.l.l Clllcl.lt.b LUL Vo UL ULIHTL V.0 CUVELIUICIIL aliClaliu
flights are anticipated in the proposed investigation. All aircraft
surveys will be performed with alrcraft from the East Pakistam Aerial

The Investigator shall provide all materials, personnel, services
and faciliiies necessary to perform prelaunch preparation and post launch
analysis of data from the Earth Resources Technology Satellite, Mission A.
The effort shall be performed in general accordance with our proposal en-
titled: East Pakistan Proposed Investigation: Earth Resources Technology
Satelilite (ERTS-A) Sensor Data For Agriculture and Water Resources Deveiop-
ment.

The analysis of the ERTS—-A data will include analysis of ground
truth data and aircraft data collected over various test sites in East
Pakistan.

The specific items and services to be performed under this
project are as follows:

Item 1: Phase A - Prelaunch preparation. During Phase A, train-
ing in ground truth acquisition will be given to EPWAPDA personnel. Fami-
liarity lectures will be presented to project personnel to provide a back-
ground to the ERTS data. Computer programs for the LARS-type analysis will
be obtained and tested on appropriate computer facilities.
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COMPUTER
SCIENTIST

PHOTO

INTERPRETATION !

SCIENTIST
PHOTO
INTERPRETATION
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| PHASE A PHASE B PHASE C PHASE D/FINAL REPORT | TOTALS
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Maghours per phase.
TABLE 2: PERSONNEL REQUIREMENTS






TABLE 3

v 4 e

ESTTMATED COST

ot i et 4 A e

(in dollars)

Persomel (Program Management EPWAFDA) Man Rate/Day Forciyn  locnl Total
: Days
1(X) Project Coordinator (Senior Spccialist
in Remote Sensing Applications 360 164 59,400 - 59,100
2(X) Computer Scientist (Specialist in
N4 Tmage Pracocasings 1L 140 Ny oo - ng nol
L0 A Gl Atag s PO USRS IRE $ 14 - R RO Ciycy [ Y4
3(E) Photo Interpretation Scienbist
(Specialist in Agel culturu/ﬂydrology) 250 82 - 20,500 20,500
L(E) Pholo Interpretation Technician Trainee
[ = TSNP, T E NN WPV UL, T WY’ T s DURPEL, BRI | 11N fin o a0l o 1
\u})‘.’fk».l.d LLOoUL Ju Aé_’,l LOCUuLvuley ['l‘yU.L U.L()w} JLC Lo - 7,.LUH 7, LU
S(E) Inslrument Specialist
(Ground Truth) : 60 L8 - 2,880 2,880
6(X) Agricultural Remote Sensing Expert 30 160 4,800 - L, 800
7(X) Hydrology Remote Sensing Expert 30 160 4,800 - 4,800
8(E) Clerical (Publicztions) ‘ 115 50 - 5,750 5,750
Travel - 3 round trips to Dacca 3,882 - 3,882
2 round trips to NASA 2,588 - 2,588
Per diems 390 25 9,750 - 9,750
Conmpnter Time Rental (25 hrs @ $200/hr)
I1BM 360/Lly or equivalent 5,000 5,000
Equipment - one Spectrometer 2,390 - 2,390
Shippment/Spec.Packing 75 - 75
Contingency L, k60 L, 160
114,910  L7,77L 162,68L
(X) = Expatriate
(E) = East Pakistan: EPWAPDA Technician
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Item 2: Phase B - "First Look" Data Analysis shall emphasize

the following items:

de

Hh

C.

d.

Collection of ground truth data, ground spectra, aircraft
imagery, etc.

Initial analysis of ERTS data in test area at confluence of
Ganges and Brahmaputra.

Prepare a manual land use map for test area and concurrently
prepare a simllar land use map using the LARS-type automatic
processing program,

Evaluate data analysis procedures based on the cloud cover
affecting the proposed investigation area.

Prepare a Data Analysis Plan which summarizes the initial

data analysis evaluation and establishes a base line for
estimating probable guccess of the proposed investigation.
Prepare a summary Data Analysis Report describing the progress
and results of the initial investigation.

Item 3: Phases C and D - Continuing Data Analysis phase, to be
after discussion with NASA, The efforts planned for Phases C

Detailed specification of spectral signatures for various crops,
land surfaces, etc. for varlous seasons.

Prepare land use maps showing patterns of land use as a function
of season of the year.

Prepare other thematic maps and analyses as may be useful to the
East Pakistan Action Program and the proposed investigation,
Prepare periodic reports and a Final Report.

ix {(6) copies of Published Reports, Scientific Papers,

192}

PR . -~ ¥

Six (6) copies of Monthly Reports per standard 1t
requirements, '



e. Twenty-five (25) copies of the Final Data Analysis Report.
f. Other reports as required by the negotiated agreement between
NASA and the Government of East Pakistan.
VIII. DELIVERY
Item 1: Phase A/B - Prelaunch Preparation Report prior to end
of six months. '

Item 2: Phase B - "First Look" Analysis Report, four months
after launch.

Item 3: Phase C/D - Continuing Data Analysis reports to be
submitted per NASA reporting schedule.

Item 4: Reports to be delivered as required by NASA.
IX. SHIPMENT

Shipr he reports called for shall be F.0.B. destination
and shall be shipped "all transportation cost prepaid' to NASA/GSFC as

follows:

Items 4a, b, ¢, d, e, £ - 1 copy -~ ERTS Negotiator
Code 245
Goddard Space Flight Center
Greenbelt, Maryland 20771
Remainder - ERTS User Coordinator
Code 430
Goddard Space Flight Center
Greenbelt, Maryland 20771
Item 4f (as negotiated) - 2 copies - Technology Utilization
Officer
Fnﬂn 206

Goddard Space Flight Center
Craanhal ‘yl nd 20771
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