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LIST OF ACRONYMS

RVHRR - Agvariced Very High Resclution Radicmeter; &
multispectral scarmer o NORA weather satellites
with IFOV of cre square Kilocmeter directly under

. the satellite at the highest sampled rate.

CCcT Camputer Compatible Tapes
ERIM Envircrmerital Research Institute of Michigar
FAS s/ USDhA Fereign Agriculture Service hnited States

Department of Agriculture

Fce False colcr composite, arr image that lcooks like &
calor infrared phoatcagraph

608 Govermmerit of Sudar

HDT High Density Tape

2

I e Internaticnal Imaging System, Califcrrnia Ccoyrn

MOoA Miristry of ‘Agriculture

MSS Multi-Spectral Scarmer; a 59 by 79 meter
resclution 4 band scarmer or Lardsats 1, & 3, 4
and S ) ‘

T™ Themat ic Mapper; a 30-meter resclutiorn, 7 band

multispectral scarrmer on Larmdsat 4 ard S
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GLOSSARY OF TERMS

Cluster (spectral)
AR group of picture elemerits (oixels) that have
similar spectral signatures

Data A collectior of tables, estimates, figures cr
riumbers either on tape, cr paper. These data
may or may nct be useful for decisicm-making.

Digital data Data From a satellite that is cn  a comput er
campatible tape (CCT)

Information Data that can be used fcr decisicrs making, The
data are accurate, timely, cbrective,
camprehensive, replicable, eteo. I any case,
decisicrs makers can make decisicrms based am
samething they know - this krcwlecpe is
informaticrm.

Landsat R series of five satellites that were laurched
starting in July 1372 for the purpoese of Sarth
resource aobservations

Pixel A picture elemernt cr rescluticr element

Resclutiaon The instantaenecus field of view (IFOY) cr *he
snallest &area of grocurnd for which a serscr
can measure reflected and emitted eglectromagretic
radiation

Spectral signature
The reflected and emitted erieragy frcom ar cbject.
The values of arergy stored crm the CCT's for each
band v

Subsicene A pcrtion of a full satellite scere. The FAS
divided the MSS images intc mirme approeximately
equal subscenes

Supervised classification
R orocess whereby a sampie of cixels fram Krcwn
categcories is used ta set up rules ta allct arkrcws
pixels tc categories by using soectral sigrnatures
of pixels

Unsupervised classification
R mecnanical process of searching tircugh data and
graouping the pixels that have similar speoctral
signatures regardless of their laccation in the scere

(4]



EXECUTIVE SUMMARY

TO BE COMPLETED AFTER THE MRIM PARTS ARE WRITTEN



I. INTRODUCTION

O February 4, 1986 Price, Williams arnog Asscciates were
requested ta evaluate the methadalagy ard coron estimates for
Sudan that were cbtained usirng remcte sensing frcom ERIM in the
West ard from FAS/USDA ir the East. It was agreed that this task
wculd include several steps:

Arn accurate decscripticon of exactly how sstimates were
abtained for the eastern sectiom by FAS/USDAR and for
the western secticrm by ERIM,

an appraisal of the methodoclogy used by the different
cantractors which resulted iw estimates of harvested
acres,

arn appraisal of the area and vield estimates
themselves,

A review of the NOAA yield prcoccedures as they ~oply to
the Sudan for this report; and gererally for the rest
of the FEWS countries.



I1. DESCRIPTION OF FAS PROCEDURES

The cbjective of FAS/USDA wcrk ir the Sudarn was to estimate
nlanted scrphum/millet ir easterw Sudar - east of the White Nile
betweers 11 degrees arnd 16 degrees ricrth latitude arnd the
Ethicpiam border. This acreage estimate was to be made using
lLandsat MSS camputer compatible Tapes (CCT) ard the IZS hardware
/scftuware systemn.

B. Data
1. ‘Landsat MSS Data

Data was callected for 1E full pixel MSS sceres in High
Derisity Taves (HDT). Scme areas are ivn the averlap areas of the
scenes and covered twice. Figure 2.1 1llustrates this point.

Figure 2.1

MSS scere areas of coverage im Easterrn Sudan

The east-west sidelap is abcut 12 to 1S5 % of the sceres fycm
10 toa 15 degrees Nerth Latitude and the north -scuth averlas is
about S XK., Wher data are acguired, & strip of data iz takew Frem
ncerth ta sauth but durirng processing it is divided imte =zceres
aporaximately 100 mautical miles cr 113 statue niles lcang, In
making scernes thne last few lires af the previcus scere are
duplicated. This causes ar caverlap area both wicrth scuth ard *
east west.

2. Groaund Data

Twe FAS/USDA emplcayees ard six Sudarnese raticrals collected
pround data in Sudan aver a nine day pericd. Sever of those days
were spernt in the field flyirng varicus rcutes and hRiring trucks
at airfields to ua see crops arnd talk to local farmers. The
schedule of events iv Sudarn was as fallows:



Nciv,

NCiv.,

NC‘V.

NCv .

Nawv,

Nav.

Nov.

Ncv,

Nav.

Ncov.

Ncov.

15, 1985
16, 1985
17, 1985
18, 1985
19, 1385
20, 1985
21, 1985

22, 1985

24, 1985
25, 1985

26, 1985

Figure 2.2

Arrived ivn Xhartcum
Discussed prcject with missicrn
Chartered twoa airplares for field work

Left Khartoum fer Damazirn inm twe plares. The
first plarne flew dowr betweer the Blue ard the
White Nile tc the same lat.itude as Kosti ard
therr tock a straight course toe  Damazir. The
seccrnd plane flew to Wad Madawnmi straight scuth
ta the latituge of Damazinm ard ther intc
Damazin. Tack trucks to the Epyatian—-Sudan
Jaint vernture farms. Three trucks W e
available for this exercise.

Left Damazir ard flew west ta Rawik, ricoth tce
Kasti arnc refueled. Thern flew back ta Damazir.
Had lunch in Kasti, then first plare flew east
taward Ethiapia and in a heart shape flew scuts
arngd back ta Damazin. Second graup tack trucks
ta visit scheme managemewnt arcurnd Damazir.

Left Damazin ir two plares, cne headed rorth
alorng the Ethiopian barder cover £1 Gedaref ard
back ta Sim Sim Scheme. The cther flew cver
Singa and ther locaped east to the Sim Sim
Scheme. Some of the flight was anly 1500 feet
off the ground. Some of the crew talked tc the
Scheme administration while cv the grcurd,

Flew ancther heart shaped flight irm twoa olares
ang larnded at El Gedaref. Trucks were there,
drave ta talk tca the scheme mavnagement.

Left El Gedaref for Wad Madani then straight
Narth tc the same latitude as Yhartcum ard trer
West inta Khartcum. Spent twc days im
Khartcumn.

Left Khartcum for Kassala and returmed. Most
of the trip was cver desert.

Taak trucks to Wad Madanmi ard returved. (16
hcur day)

Talked tc USAID Missicrm, return to Washirgtonr.

shows the flight paths for each dcay.



Figure 2.&

Mao shawing flight paths for each day in the field
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1. FRS Data Handlirg
=

The I S mocnmiter can hald Sis by S12 Picture elemerts
(pixels) and this is called a subscere. The full MSS scerne was
subdivided intc wiire subsceres and each was sampled in crne of the
follawing ways: evewry fifceh calumn and every fifth raw; every
second cclummn and every secand rowj cr iv scme cases, every pixel
was used. These pixels were then recorstructed to make a
subscerne for amalysis. These subsreres were ther studied to
estimate the percentage of scrghums/millet cm the subscene.
Figure 2.3 shows this proccedure for the 5 by & sampled subscene
oracedure listed abave.

Figure 2.3

Full Pixel Image Mapped Inta a Subscere

o

Analysis of each subscene was thew started by using the I S
clustering algorithm, a rearest neighbecr procedure, that is
pravided with the system. FAS analysts usually utilized three
bands (1, 2 and 4} and the wearest neighbcr Cclustering alogcrithm
that groups pixels inta similar spectral classes after placinmp
pixels in 3-space. Figure 2. shows the clusterimg alzcrithm and
how the procedure is employed in twe space.

11



Figure 2.4

Nearest Neighbor Clustering Algcrithm

There is a maximun of 40 clusters that carn be constructed
using this clustering analysis. Data irm each subscere are
divided intc groups of pixels with similar spectral reflectarces
or values irm all three bands even thaough pixels may be from
differert parts of the scenre.

Orce the pixels in the subscene are grcuped intc spectrally
similar groups - that is, groups of Rpixels which have similar
reflectarces - theri the spectral classes are given cclcrs and
cambired so that the scene loccks reascnable to the arnalyst. Far
example, subscene 1 might have four fields that ccrtain 40 Jixels
each. The analyst puts the curscr on a pixel irm a field and
makes that pixel and all the pixels irm its - spectral cluster core
culer, say yellow. The field may rnow have 3 pixels that are
yellcw; that is, there were eight other pixels ir the field that
were in the same class as the identified pixel and perhaps SO
cther pixels cutside the field. Next, the armalyst mcaves the
curscr ta ancther pixel irn the field that is rict colored yellow
anc colors this pixel ard all cther pixels inm its soectral class
yellaw as wall. Thirteer wmcre pixels might turn yvellaw in the
field and a larger group of pixels acrass the entire scerne would
turm yellow. Now 22 pixels are yellaew i the field but 18 pixels
withir the boundaries of this field are still rot cclored. Th
analyst continues through the field, ccloring urcclicred oixels
vyellaew and simultanecusly charngirng all other pixels in the MSS
sceres in these same gpectral classes yellow. He would thew
procead to the rnext field, if rnecessary, and continue labeliwng
pixels yellcow. The arnalyst dces this best wherr he has vieited
the field arg krnows that certairn fields are scorrghum.  Logically,
it is assumed that the pixels iwn analyzed scorghum fields will be
similar to pixels in ather scrghum fields in tne area. When alil
pixels withirn the bourdaries of a Field are vellcw,. ther the
analyst might lcck at the subscere and realize thiat theie are
"too many" yellaw pixels. At this peint, he is able toa remcve
pixel groups fraom the vellow categary by puttirng the curscr on an
individual pixel and decclorinmg it amd all thase aixels ir the
same spectral cluster.

Wher the arnalyst cclors the scere the way he/she likes it,
this phase «f the analysis erds. The aralysis is completed by

[
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reguesting that the computer first court all pixels labeled
vellaw and ther calculates the percentage of pixels of tnis cclor
ta the total pixels in the zubscerne by dividing the total rumbe-
of pixels in the subscere intc the total rumber of oixels labeled
scrghum (vellcw). The analysis for arme subscere car take as
little as 30 minutes if the the arayyst feels data are correct
and much lcrger tharn 30 mirutes if he feels that there are
prablems.

The same oracedure is cocmpleted for each subscere or the MSS
image and for the rest of the 18 MSS scemes. Scame parts of the
MSS sceres are left cut of the analysis if the aralyst feels that
there is little cr na scrghum presernt.

Recause of the way the Landsat images are framed, there are
areas «f land that are in twco images. FAS has wot determived a
way to mosaic Landsat images sc instead of usivg pixel ccurting
techrniiques, they estimate percewntages of each subscere icertified
a5 a particular category (sorghum) arnd thern use ar arithmetic
average of the percentages applying this percentage toa the
entire area of interest. The estimates that were cbtaired usirng
this techrigque seemed taa high to the aralysts sc estimates were
reduced by 25% tc get the presernt estimates of 14,371, 000 acres
of scrghum/millet planted in Easterwm Sudaw iwn 385, The
14,371,000 acres cotaired were multiplied by the GOS MOA
Statistics Division estimates for vields toc abtairn a2 total
preduction figure of 4.57 miliicrn (M) metric tens -~ the largest
estimates ever and half againm larger thar the 3.1 M metric tar
estimate in 1981.



ITr. DESCRIPTION OF THE ERIM CROCEDURES

A. Objective

The cobjective of the ERIM wcrk was tc estimate planted
sarghum/millet in westerr Sudarn — betweern the White Nile arnd the
Chad bcrder and 10 armd 1S degrees North Latitude. This acreage
(fedoan) estimate was ta be made using Larndsat Thematiec Mapper
(TM) Data with a completicr date of Mid-December.

E. Data
1. Landsat ™™ Data

TM data were callected for 27 full pixel Lardsat sceres
an standard EOQSAT foirmat. Figure 3.1 from the ERIM repcrt .ists
the caverage of TM preoducts. Rlthaugh ™ CCTs were antaiwed,
ERIM decided tc use False Coclar Compasite ({FCLC) photographic like
image products with phcta interpretaticn (PI) techrnicques o
estimate the area planted tc scrghum/millet, The standard
praducts used were 1:250, 000 and 1:100, 000 scale FCCs. These
prcducts were rncot available urtil after field tripe tc Sudan were
campleted. )

2 Graurid Data

ERIM emplayees spent three weeks ir Sudan aorgarnizing and
callecting grourmd data. Twa field teams, each consisting of twe
ERIM emplayees and twa Sudarmese Natiarals worked in Sudarn foor
this pericd. The first week was spernt in Khartcum selecting
field sites, plamming aircraft missicons and graund supbpart, and
hiring grocund persormel. The last twa weeks were spent irm the
field collecting data in westers Sudan from 118 ground sites
marked in figure 3.2. Bath fixed wing aircraft amd helicopters
were used for this missicw.

These 118 field sites were subjectively selected to provide
a variety of ground crops and situaticrns for traiming and
calibrating photo interpreters. Grourd sites were selected tco
pravide ground information across the erntire westerr Sudar areas
of interest. They were selected befcre Landsat imagery was
available sa ground site selecticrs was rict integrated intc the
Landsat imagery arnalysis.

At ground data landirng sites, farmers oftern gatheyvea arcund
the aircraft. Wher this happered, farmers were askec tc repocrt
yields for harvested fields that year that cculd be seer Fram
the lardirg site. This yield data was callected by farmer recall
methodaloegy and was requested for specific fields which belariged
ta farmers close ta the landing site. Neighbors were rict asked
apout the yields of fields of others. Since fielc site selection
was subjective, crews larnded ornly where there wers thirngs tca
cbhserve.

Figure 3.2



Map shocwing 118 field sites



cC. Rrialveisg

1. Sampling Frame and Sample Selection

After cbserving the imagery, a twa—layer stratificaticorn
was carried cut with the first layer being Districts withir
Pravivices. Within Districts, a seccrnd layer of stratificaticor was
s2t up using larnd use strata taking intc accounmt landforms,
variability of scils and cropping canditicrs. This
stratificaticr was done an a piece of mylar that was placed cver
the 1:250,000 TM sceres. FCCs were moasaiced to cover the entire
area of interest. There were six passible land use strata within
Districts as shoawn belcw:

1. Randcunly Distributed Traditicral Aporiculture describes

s ot i s s M0 e e i 1t e it i s By e v e b o e b o e A e ot 2B, s e e St s et

agriculture that is spread scmewhat evenly acrass the area.

2. Ciumped Iraditical Agriculture describes agriculture
that is clumped tcpether rather thawm sprear everly acrass an
area. There are areas of noan—agriculture but whew agriculture is

lecated, fields of crops will be clase tcgether.

3. mechanized Clumped Agriculture for fields spread across

land but prepared by tractors. Fields from this stretum were
larper tham fields in traditicormal areas.

4a Wadi or Stream Ped Agriculture for ‘areas foallowing the
stream. )

S. Irrigated Land in'intensively and diversely coraopped
areas.

6. Non-agricultural tand where na agriculture cam be

viewed ocn Landsat images.

Nat all Districts had all six strata, anly those langd use
categcries which cauld be idermtified ar imagery were mariked. The
necn—-agriculture strata were not sampled iw avy District. In the
first three strata, samples were drawn usivg a larpe grid of &
square centimeters representing S by S Kilcmeter squares or the
grcund. This grid was averlaid aomte the 1:250, 000 FCC imanes.
Squares wure rivmbered from 1 to N, the tctal riumber of sampnles iw
each stratum, and 10 tc 20 sample squares were celected at
randcm, aopraximately equal ta 10% of the tctal stratum cells.
The wadi arnd the irrigated strata were rct statistically zsamnpled.
Inn wadi strata, sample squares were selected in a subjective: way
on the 1:230,000 FCCs and estimates were gererated of total
sarghum/millet withivw the Wadi strata by multiplyinog the total
number of squares in the strata by the averane percentage of
sorghum in the sample squares. R // 3

s ‘ol ,1""
D. Sample Enumerat:icr 2o~ RAS

In the Irrigated strata, the total areas were pncta

interpreted sguare by sgquare tc decide whether cr rnct the
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vegetaticrn was scrghum/millet cr mct. In mast cacses, evervth:ing
thnat reflected EMR like vegetaticr was called scrgnumsmillet. A
orid was laid orn the 1:350,000 scale images, Each souare with
half or mcre vegetatiorn was courted as taetally scarghum. Sach
square with less tham half was cocurnted as rct having any sarghun.

Once the sample sgquares were selected, 1:1100,000 scale
enlargements were made of the seleocted areas ernd & "small” crid
was placed cn the S by S5 Kilcmeter sampled souares. The sample
square was transfered anta the 1:100,000 scale map as accurately
as possible withocut scientific orocedures to register the image.
The =mall grid them divided tnis sampled plact intca 4 hectare
squares (200 meters by 200 meters cn the ground) th-t were ohcoto
interpreted to determire whether cr rict the savare contained half
ar more vegetaticr.

Althcaugh it was kmown that different oraps were alsc grown
im the area, most vegetaticsn could mct be separated visually. The
possible corops which cculd have caused confusicr were ground
nuts, sudan grass, watermelons, sesame, gardern vegetables and
mixtured crops.

Estimates of the tatal amount of scrghum/millet were
calculated on o stratum by stratum pasis by multiplyirme the tatal
rumber of sgquares inm She stratum by the average amcunt of
sorghum/millet in the sample. The estimate of scrgum/millet in
Westeryn Sudan was obtained by adding strata estimvates. Variarces
were not calculated using this methodalagy.

17



III. CRITERIAR OF A GOOD ABGRICULTURAL INFORMATION S8YSTEM

Te: suppcrt decisicrn—making by plarmers, arn informatica
sysctem must have certain characteristics. Criteria used to
evaluate an information system are listed belaw and the
gescripticn of how bath FRAS/USDA arnd ERIM systems suppcrt the
criteria are stated in Secticn IV.

a Rccuracy

Survey errors are of twc types, sampling errcrs and
nan—sampling errors., Norm—samplirg errcrs are the most important
arnd result from lack of an adequate samoling frame, pcor data
callection procedures, arg improper data handling. Orece rncre—
sampling errors are contralled, then sampling errors are computed
ta establ ist accuracy.

<] Timeliress

Timeliness refers tc the length of time reauired from
the begirming of data callectior to whern the data is available tc
the users. A system that carn assess and supnply reporte of a
charnging situaticrn withir weeks after the chanpe is better tharn
arne that takes maonths or years. Agriculture is demarding since
it is dynamic; the situaticrm can charige drastically inm a shaort
time. Decisions that affect the fccd supoly are corucial toa the
stability of a goverrment.

a Objectivity

Arr ebjective procedure produces data that do rot cepend
on & perscn or group's paint of view. In statistical terms,
sampling errcrs and nonsampl ing errors are kniawn arid carn be
stated, and estimates of target values follow the laws of
praobability. An cbjective procedure is absclutely essential if
the data are to have oredibility with the u=zer coinmuriity awg
sclid methodalogy is what creates abjectivity arnd establisnes
credibility.

] Comprehernsiveness

An agricultural infcrmatian system must pravide data or
all aspects of the agricultural sector tc suppcrt decisicam
makirg. Knowing plarnte: crop area without kriowing harvested
areas and yields will not support decisicii—making abcsut total
feod production. Likewise, certain focods canm be substituted for
cthers, sa having informatior abaut cee crop may nct be
sufficient tc evaluate food pclicy alterrnatives cr establisn food
aid reguirements. It is egually importart ta nave statistice at
all levels of administrative plarming. For examole, Natioral
gata, Pravinmcial data, and District data are rieeded if these
levels are desigred intc the system. Data may be reeded teo rnct
only to abtain supply side data but demard side data as weli.

a Expandable

Arn expandable informatiorn system car have rew
technalagies and requiremerts incorporated irtc it withcout
massive casts., For example, can yield data be acdded ta the
information system or multiple frame methcods ke intrcduced
without massive revisicrn ~f methcdclcgy.

] Replicability

SBurveys run at differert times shauld reflect charges
i the target populaticrn rather tharm changes iv the sample cor
methodolagy. Value and utility of statistical data increase whern
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currernt and past results can be campared. Statistical control
proccedures must be utilized ta effectively ernsure replicability
af the survey results.

< Cast-effectiveress

Ar informaticn system must compete with cther

infaormation systems cost wise. Thus if twc survey methcds
produce identical infoermation, put cre cari be implemerted with
less cost, therm it is more coast-effective. By beirng careful in
the set-up, the operaticnal coasts are reduced.

Same of these criteria above abvicusly lack beycrd the scope
of this evaluatiar. However, scme of these items must be
cansidered even on a rnarrcow evaluaticorn such as this. Reccuracy
and ocbjectivity are what this evaluaticnm is really apcut. The
ctner criteria are less importast even thcocugh for the future
desigrn though they tco might be impcrtarnt.
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IV. mMETHODOLOGY AND ESTIMATION EVALUATION

A. Gurneral

The criteria listed abcve are general criteria for
evaluating any infcrmaticr system rather than evaluating a
specific system in Sucdan, nevertheless; data withcout these
attributes are noat useful foor decisicrn—making ancd therefore
siicauld nat be comsidered informaticor. Since USRID reeds ta make
gecisicrns about food aid, a perfect cpperturnity exists for
cdecisicr makers tc ask if these data are useful informaticr.

Aricther point is that both supply and demavd side
infarmaticr are reeded for making foaod aid decisicrs. Data must
be camprehernsive. Certainly the demarnd side 135 ir oveat flux,
Palitical refugees are pouring inta Sudarn fram :fntonza, tgai za
arng Chag. Refugee influx is sa dyramic that it is diffieult +ea
kriew refugee counts. Demard sicde grain reeds are a furcticrn of
tatsl populaticrm, seed recuiremernts and feed recuiremerte, If
imfarmaticr abocut deficit zZrainm is rneeded, thern reascarnable
estimates are reguired on major aspects of the fooo deficit
2guatiarm. Supply side grairm iz a Functicrm of praductiorn {(area

ard yieid), harvest awnd pest harvest lass (15 ta 238%), prain
stored, graiv smuggled inte Sudar, grain smuggled cut of Sudar.
BQuaticit.

Everyore agrees that more time was reeced to set up an
informatior system thar was allowed for the exercise in Sudan.
Baut, a useful guesticrm for consideration is whether cr rict
asgiticrmal time would have made a difference inm the methcdalagy
anc im the estimates.

Rocuracy

A= far as accuracy assessment is concerned, FAS
metncoclony does rict support estimating survey errars
Certainly, noan-sampling errcrs doaminate the total survey errcrs.
The methodcalony of c,aﬁs‘fylng all vegetaticn as scrghum/millet
suczorbs the idea that the estimates are too high. As far as
proaceduresz, there was o selectioﬁﬂﬁgﬁad_an~nnnbabz1itie y UG
oxpsnsicns to totals, and no specific methadcolagy. tnat wouid
sustify comnutAnn_Samnllng errars. Noam-samplirng errcrs are
orcduced iv the estimaticr praocess in cseveral specific ways, the
largest beirg a classificaticr bias with ra built—-in means of
errcar assessmernt o correcticr.

, Objectivity

The FAS estimates are subjective im that they
cdefirnitely deperd on the analyst's paoint of view. T make this
paint clearer: After the estimates were campleted, the analysts
jucred them toc high and reduced the estimates for sarghum/millet
Jy T3 %,  Althougn the tocls used to make the estimates were



win]

Ject:ve, the method=s used were rnot and depevded ow the
tegdividuale gdoaing thne woark., They used saphisticateda toals and
g.ectromic ecquipment ta erharce their judgement,

-
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c Cast~effectiveress

The cast of an infocrmaticon system and its effectiveress
must be compared with alterrnative systems. Urnfertumately there
are few alternative systems cperating tnat are anle tco obtain
alarnted area of specific crops i the Sudav. The cast of 12 MSS
ardsat scernes used was approximately 18 ® $ 1100 cr $ 13, 200,
Thie oriteria is nct useful at this time.

e Timelirness

The data were timely. Repcrts were available to the
uzer im time ard shortly after the raw data were acaouired.

< Comprenensiveress

The estimates provided ta Sudan are rncat comorehensive.
Ne: adcditiomal estimates were made available gxcept a '
scrghum/millet mixture. Irs fact, there are many craps grown in
easterrn Sudar but morne cculd be separated using the methoaclony
established by FAG.

c Replicability

The FAS procedure is nat replicable. It is tco
subjective ta be replicable whern arn analyst manipulates calors
mearesernting oreps to get them to "lcaok right". One way to
arewer this questicorn is tca =it down with the analyst and ask him
to reopat arn armalysis for cne MSS scene (39 subscenes). if the
arnswerr abtairnec iz the same each time, therm the analysis 1g°
cscmewhat replicable. Aricther guesticr wcoculg be to have a seccona
perscn do the same analyesis and compare resulte. These twa
exercises car be done eastly.

I nave beer oritical of the metnodcalcony used by FAS iv the
previcus secticm. Im my apinicrn, clustering alporithms do nat
effectively use spectral data in ar effective way tc
differentiate betweern spectral groups. On a personal rnote, the
<0835 aersorel are sincere, honest, genuirne arnd ernergesic secple
trying te oo cocd werk o this tapic. They are excited to be
invelved ivm such an impartawnt orcject. Their task at USDAR is ta
mraduce qualitative judgements rather than to supply quantitataive
estimates of crap acreage.

As 1 stated ir the previcus sectice, dominate tne FAS
methadalagy and the total system is subjective. It i1s difficult
Lo assess accuracy «f tne estimates oroguced subjectively.
Neverthelessy USAID hps asked that this b done.

o
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It 18 very chvicus to mast perscrns that the 1985 croan year
was good compared to orevicus years. Rs a matter of fact, cre
carn abserve fram AVYHRR data that 1985 was better thar all three
years since 1981 and lcoks very similar ta 1981. wWwher 1985 AVHRR
cata (ehawirg accumulated bicmase) are subtracted fram the
campanidle oraducts for 1981, the differerce sihows that 1381 had
mcre toctal bicamass accumulaticrn in Eastery Sudar. Narmally cre
could assume that much of the differerce would be rmative
vegetaticrm. Na scientific stucdies have established a
relatianship betweern rative vegetaticr and cultivated vegetatiar.

In any type of subjective assessment of the oracducticw of
oreos irn Sudarn, one must alsc comsider the significant price
ciffererces between 1981 amd 19385,

D Evaluaticrn of ERIM Methedolcony
(UNEDITED)
o] Accusracy

ERIM +tried samplimg methcdalegy everithaugn it was

pacrly executed. Sampling errars were rot cocmputed amd weulg rict

reflect true survey errors. The praoblem with the methodelagy is

—~

ir sample erumeraticon or data cocllecticrm. With survey
methadalagy, the survey desigrer must develco a sampling frame,
select &’ represerntative sample, callect data fram +the sambple
withcut error or pravide a way ta measure errcrs, and exparnd the
data ta the strata totals. Ary reasonable attempt to measure
2. I. errcrs in a scientific way using the ground. cata woula have
besrn useful. In the 2.1, aracese, errars are made “hat can not
22 estimated. These data are thern multiplied by the expansicrn
factars sa they are expancing urnkrnowrs extensive errors - ar
inaporcoriate desigw. Scme of the P,I. oroacedures  pracguced
consisterit Diases which are expanded arnd accumulated wher strata
are added. In most cases, the ERIM procedures underestimates
the true totals. For example, in the P. 1. procedure usiwng the

nalf o~ more rule, and rnat sampling all strata cansistently

ancerestimates the actual area. The half cr mcre rute
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uncerestimates because crnly a very small oercentage of the tatal
~anc 15 olanmted to scrghum/millet ard mast fields are less tnan
four hectares in the traditicrnal sector. The distributicrn of
" orans  would have many sgquares with less tnarn half rather thar ar
equal rumber of scuares with cver half an umnder half. In the
case of no? sampling the rorn—~agricultural stratum, the praplem is
that the cdate of the imapery was such that much of the scrghium
was nat observable orm the dates wher the imagery was taken. Thus
sarge areas were set up where it was assumed that rc scrghum  was
piarnted and irn faét there was na way tc caten this in the data
calllectzcm or groumd truthing process.
e Dhjectivity

ERIM tried ta be acbjective, at least irn prirciocle. The
sampling' frame ard selection were abjective althcugh it was wmat
passible  far them.to retrace the procndures exactly from frame
construction ta sample selecticr, I feel that it was adeguate
corsidering the rush reqguired to complete'the werk. They built a

frame by first stratifying the pcpulaticrn of irterest. The riext

A}
.

=tep was to subdivide strata intc sampling units. Samples were
selectec in all strata where agriculture was thought to be ardg
samplies weré enunerated using P.I.s wha were traired. Expansions
were carried cut accordirng toa the reciobrccal of the orabability
af selectiory and the tatal for the area was cbtaired by addinag
strata totals. ' If the PR.I.s were tcld by maragemert to be
conservative thern abpectivity is viclated. I assume that tney
were nrct tald to be camservative. Ore statement was made 1w a
aresentaticrn that they did rict want to be resocrcible for pecoie

starving irn the Weskt. This statemerit leads ore tc believe that



the estimates were Kepnt low ta ensure that arn errcr of being tao
Righ was rnct committed. If this was the case, then again the
oroecedures  were noct abjective. O the surface, it locks
asgective.
< Timeliress
The estimates and repcrts were timely, and orovided
scer atter data collection,
< Comprehensiveress ard cost effectiveress
These criteria dc rmct apoly at this paint inm time. The
methcdalegy was nat comprehersive but USAID did' rnmct request
conprehensive data. Cost effectiveress has to do with camparisar
with cother methods. The arnly comment here is that TM CCTs were
crdered at a cost of $ 4300. US anmd FCC iméges were used, If FCC
images were crdered evern if pricrity service and custom service
had been requesfed, the casts would have beer $ 2400 US thus a
savings of $ 2500, ferr 27 TM sceres is cver ¢ 65,000 US. The
ciggest praoblem was that they ranm cut of time.
el Replicability
To the extert that ERIM was cDJective; their proacecures

are replicable. ERIM did calibrate RB.I. against each cther anmd

against the grourd data.
= Evaiuatiorn of ERIM Estimates

I have beer critical of tne methodclagy altnough there are
/scme pasitive aspects. Rs far as the crop estimates themselves,

tae zata doa not lend themselves ta accuracy assessmert. AVHRR

data shows that mcore accumulated bicmass iwm 1981 thawm i 13985,

Ae krnicw  that the 1385 crop year had much stronger eccrcmic
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incentives  tnam 13981 but in the West, seed may have peen a

arablem. The weather inm 1381 and 1985 lcck ccomparable.



NOTES

1.
Feb. 7, 1986

Very goaod meetirg with FAS/USDA. Talked tc Kevirn Haley,
Bobby Speirs, Pat Ashburrn, and Frarnk David. Spert 3 1/2 hcaurs
with them going through procedures ard getting material. They
had me im fronmt of the Equipment fco 2 haurs.

2.

Feb. 13, 1986 .

Bill Trayfcrs and I had a very good meeting at ERIM inm Armn
Arbor Michigan. Talked tc Dow Lowe, Johm Caluwell, Ncrm Rcller
and Buzz Sellmar. We spert from 9:30 A.M. to 6:00 P.M. gcivg
through materials, discussirg methcdalagy and lacking at computer
arialysise of special areas.



