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INTRODUCT!i.. 

Area Sampling Frame (ASF) technology has become the fouftdation for 

data in much of the world. It is a proven
the collection of agricultural 

makers
method of monitoring agricultural outputs, providing decision 

a near real time picture of the food and fiber situation. Knowledge
with 
of the current situation in agriculture may be the most important stone 

Food Security Management. Introducing Area
in the foundation of 

Sampling Frame concepts and technology into Pakistan is the major 

thrust of the Food Security Management Project/Agriculture Data 

sponsored by USAID and the Government of
Collection Component 

construction began in
Pakistan. Training in Area Sampling Frame (,,SF) 

districts was specified in theNovember 1985. A pilot project of seven 

project to test and demonstrate the workability of ASF technology in 

Pakistan. The project began conducting field surveys in April 1987 

approach.clearly demonstrating the effectiveness of this 

In July of 1989, permission was granted to begin extending the Area 

It decided to begininto a National dna!i collection system. wasFrame 
areas. This was done in order t(;national coverage in the pilot project 

in frame construction. The two major
validate new technologies employed 

are: using SPOT (Systeme Prebatoire D'Observation De
technical changes 
La Terre) satellite imagery as the frame stratification media, nnd 

and accounting.computerizing of frame area measurements 

change any of the
The use of SPOT Satellite Imagery does not 

the level of technology employedfundamental ASF concepts but raises 
a 'hands on' rather low technological approach

substantially. Initially 
was recommended. Experience has demonstrated that the Federal Bureau 

to absorb the necessary training and
cf Statistic (FBS) staff is able 

make use of newly developed and highly sophisticated equipment. The 

constructed 'state of the art'
National Area Frame will be the using 

at the time of project initiation. It is
automated techniques uiavailable 

that the new area frame procedures introduced here will
anticipated 
bring the FBS Area Frame Laboratory to World Class standards. 

ADC Project Work Plan, area frame
According to the Fifth Annual 

be in years. This assumes the
construction will completed about two 

Go- *.rnment of Pakistan/ Federal Bureau of
full support of USAID, The 

and the contir:,ed dedication of the Agriculture Data
Statistics, 

believes that this ;i an
Collection Cell staff. The USDA advisory team 

ambitious, but not unreasonable goal. 

Concurrent with National Area Frame construction the ADC Cell will 

in the pilot area. Valuable insight will
continue to conduct field surveys 

and managing major field surveys. The pilot area
be gained in designing 

already be useful laboratory for research in 
surveys are proving to a 

survey instrument design, ard objective yield survey training and 
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implementntion. Resnarch in mnnry aspect.s of survey proce(dires will be 

undertaken in this mnanner before the first inticipnided Nntional Area 

Frame Survey to be conduct 'd iii Jnnmiry 1992. 
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A REVIEW OF AREA SAMPLING FRAME CONCEPTS
 

which show the quality of the
A Sample can be dcfi:-,,. an item(s) 

whole from which it WaS L.tilW11. Statistical sampling refers to the science 

or population, in such a manner that
of selecting samples from a whole, 

it is drawn. 
an valid inferences can be made about the whole from which 

ais list of items in a target population from which
A Sampling Frame 

can be drawn. The sampling frame may or may not
statistical sample 

items of the population, but an inference
include all of the member 

drawn will only be valid for the members included population. Frames 

the elements of the population are called complete
which include all 

to be a valid statistical sample the quality of the
frames. In addition, 
inference dra,,, must be measurable. 

Frame (Aor) is a list of parcels of land, termed
The Area Sampling 
segments, from which a statistical sample can be drawn. ASF has proven 

desirable for the collection of agricultural statistics for a number of 

reasons: 

of concern in an Agricultural1. most attributes which are 
of land

Statistics program can be associated with a unique parcel 

(Segment), 

2. it is a complete frame, with no duplication or omission, that is 

single element in the entire target. population has some known 
any 

in a sample drawn from this frame;probability of being included 

3. the area frame produc-; statistically unbiased estimates with 

measurable precision; 

for many years4. it is long lived: the area frame can bc used 


without ur)date;
 

5. ASF lends itself to subsampling for special purpose surveys, 

for example crop cutting/objective yield surveys, and some types 

of economic, surveys; 

6. because of relatively small samples necessary, area frame 

surveys can usually be conducted rather quickly, which helps to 

insure timely results; and 

area frame survey is relatively inexpensive to operate.7. the 

into area frame technology for agricultural purposes began at
Research 

The United States Department of
Iowa State University in 1938. 

Service (USDA/NASS) began
Agriculture, National Agricultural Statistics 

it is now the main stay of the area
using the area frame in 1954, and 

in 48 of the 50 states. It is not used
and production statistics program 

in the far north State of Alaska with limited agriculture, nor in Hawaii 

where agricultural is very specialized. 
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ASF hns been introduced in rnny dv(,loptnii~ coiuntl'iOs, inclidnp" 
y,:- '; ofPaki.;tnn, Morocco, EI S.lvndor. Costn Ric:. 0 .c. Mloro tlhnn twi) 

survey history in Pik is Lnn hng d onOtratIt the fea!ihiility of Lhe area 
iW cen.mrn Americanframe for agriculfm.irfl surveys. ASP wns in L tdur:,& 

i. :.-i : ben ii trodit .odC,xc',Lin the erly 1970's. In every case w ier: 


Egypt, it is believed th"Lt.1\ ha i .s i ans urtL of th..
brow ,io,..iod 

sLai.s &icolinstitutions of the cii nLry. 

In simplest terms ARA SAMI',INC; FIAME tec'lnololsy requires an 

to Me rije t (popolmition) intoiccunrote base. map on whir'h divide h nrr, 

ni.mntr srfmpling units, or s;oyinef,. 'Iho nren of the 1 piiLltoi ILiLt ,' 

of ,leion of reich,:'lotev liyensorlcri' to erolc tv iLhe prn't)iliylv :rp.: Wh;c: '', !hsgment in the s;:implt. M\ n, wainimiu ONKJIY .,,:nir:,to 

cnn he used to efine ,nmplii, unit; n1 m,.nsire tiieir rira is 

can i co:;i aitod if the trx,,qe'o ar,::required. A more fficient fl':nm't 
Mxt.'rxtifid :,, o : ly stratIifiedcan be ) llipI 1,, ir s c':, t ci '. 

2 ofiample will prodnoe no ind i n (kstimn:itu) with n Ligvh,' level 

precision, that is n l wnr s:mrpliiip erri'. ;trii,),. still n i(,thr v'ny: sA 

properly stryit.ifiod ,wsia n is: rt ,o ot-i'ie, .. 

SA PIAlN(G l'IWT' (IP rfor.; h(1 the dif~erie, , in tihi, male esiij: :, ;, .J li . 

: il pnr0 tl;,, - i;"true vplue w:llirh i:; (111t to Sarn i gin, oir 11sil:7 

t in. T his ricnr i ,W K,pnpilntion to xnkaer nn inforo',r, a!o t. t,,0 
:,no ' dati.ly.is (of ,i. OYpredi,:Dilke, 1nd nI(e:--.lr , -1, 

The ability of n ,;urv to Ipr',:isc., inh:il: nnri .:n unki :te is usually 

reported b the. COtME' IC[ENTj' OF V.:A,,!TDIN (C2.V. o ( V), which iLthe 

ii' .'(i.>(5 hb h' :;litis ,s.:ios;is :a n, 

perentnage. For un insed ostirntrtes with no n-;rxmpli:r error, n (cv of 

5% means that if the survey w s dipl efild uItnny times the r sulting 

5, , f t[he i'il or i.u;, vlue G9% of the time; 

stnndar(d er'or of t.h o :-i 

estimnts would he withii 
of the time; nod vlunes .,ihin 3 cv"s woldwithin 10%, or 2cv'W , 951A 

, 
occur mor," than 99% of the 1iWa'. 'lhis vn'ri'. i,,;r from "r true v'li is 

the tresult. of sn!. diig err,or. 

klo v:n. 'Fh, preson(ce(. ilndThe 'Wrue' vlul of an eticnf ,no n,ver hr 
witii cei'tninty:mngriude of non-,samnplin4, error cannt ho, lef.rmined 

there are no peret& suerve3q (or- rensue'). It frollows., lW. ACCJIACY or 

survp3. asti;;tnLe is to re'lity (Conot, be k nown. Statisticianshow close a 
normally refer to PUI 1SIO.N,whicrh i: the exoctnioi that th. average 

n gr,,L inn y rimilnir .ir,.eys will fall within a-.pcifiedestimno from 

range. PicAesion ns~hiiec I ha bins nod non-snnupflng errol are

(onsi.Ibst.sirvey t) suri'V'v. ti2(.,;i;l0 r':n' h. <iimyie, arid pr'dicle(t, 

ship betawe n a irr"is,' es.Lir l,. n d 1he 'truLth' cnn stillbut, tho rehn' i,-

not. e r,:,w n with corlil .l
 

comeNON-SAMMANG ERl?Rl i-;clud'-s :Q1 the errors in n estimnvte which 
errorfrom nil source,-s other thnn s-mplingl error. It is; non snmpling 

unkhnown. The "ot.1 ilpnt of non-nmplingwhich renders tho truth 

nver he flly kn own. It. iuids ,such liveis. snummI'ces as
err'r cn 

reuo ding and llnsli tremol t. OiC''is (uii'iii-, ,i ine cori. oitl ol, errors in 
hey entry errors incrop identificaLion during the field siv ey, 1'rend 
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survey processing. Only viglance and constant effort will reduce 

error. It . ,eer be compl-tely eliminated, or if it is the
non-sampling 

I,,w.Most non-sampliviq errors are not
statistic-ian will nevr 

entirely.measurable or predictable and are often ankncwn 

an estimate with n given CV.
EFFICIENCY refers to the cost of producing 

produces a estimate with
The more efficient survey design is one which 

cost, or the same CV for a lower cost. Cost is 
a lower CV for the same 

terms the cost conducting the survey or
often measured in of money of 

S-ample sizes are often good indicators of
the man-hours involved. 

very misleading when
relative survey cost for similar surveys, but are 

comparing surveys of different designs. 

is the
Another cost/value which should be considered in survey design 

TIME VALUE of estimates. An otherwise very efficient survey which 

a result too late to he of value is worthless. For example n
produces 

time might .illow the government to
wheat yield forecast b-t'ore harvest 

up a short fall,
full advantage of internatiornl markets in inakingtake 

This early estimate could easily be worth 
or disposinic of a surplus. 
millions and millions of Rupees in market advantage. The same estimate, 

available weeks after the harvest, might have no valve at all. This is 

TIME VALUE. It is one of tl'e most critical and often ignored aspects of 

survey planning. 

of desired
Another important aspect in survey design is the level 

percenta survey. A CV of ten or fifteen
precision expected from sample 

be adequate at the district level, while provincial estimates could
might 

samebe in the range of five percent for major items. At the time 

decision makers might expect National estimates to have a CV of 2 or 3 

percent. The statistician can with reasonable success plan, predict, and 

adjust, in advance, the level of precision a survey will deliver. 

and variance from independent surveys are
Remember the indications 

The effect is as similarrecE'culated.additive, but the CV must be 

survey results are combined the aggregate CV declines. It is fully 

surveys producing estimate with 10
reasonable that a series of district 

will combine to a national estimate with a CV 2 or 3 
percent CV's 

percent or less.
 

Because the highest aggregate estimate is usually the one most 
should consider the

important to the decision makers, sample planners 
first. Usually this will be the National or

precision of this estimate 
or level can st.1l be made,

Provincial estimate. District lower estimates 
down'

but some control of their precision may be lost. This 'top 

approach is the most efficient way to allocate resources, but is often 

difficult for local politicians, and sometimes statisticians to accept aq it 

estimates.de-emphasize the importance of lower level 

As a rule of thumb the CV of an estimate can be reduced by half by 

sample size four times, an inverse geometric ratio. If the
increasing the 

example was obtained with a sample of
10% district CV in our previous 

sampling 400
100 segments per districL it could be reduced to 5% by 

segments per district. The number of enumerators and office support 
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staff required will increase by a similar amount. The resources devoted 
to training and qutlity asi- ran(ce monitorin g i ut nlo increase. The 
volume of paper which must. be hand(led will expand Hubstrintially. If 
6,000 forms per dis trict are pracessod to pI kto I he di s[ric (CTV,iiee 10% . it, 

is likely that 1.8 million forms will be requiire(d to produce nal.tional 
estimates ft the 5/" per disti'stri CV level,. If rate of non-samplinjyg error 
did not change, this reduct ion in (\I increnses the opporturity for err'r 

geomet rically. For mnny reasons, the rM.e of non-smpling error will 

increase as the work load increases furt.",r compounding the effect of 

increrted error (,pp it'iinity. 

Sitr'vev plannters and dni users need to carefuilly ,-ousider the level of 

reirrired precision in light, of the re(source,, and time required to 
complete the surv.y. Consider An pusible effect on noti- samplin error 

as a survey becrries irnger. Both fot' money econirny arid siurvey 

operation economy)n , sitr v e y si ntisticinn s si)illd en"c u'tfni a-c('e)t)lince of 

the 1ighvs, possible CV c'ompit pe with the data needs of the user ,L 

every level of strllltat'izf inli. 

A term needs Un) clarified before continuing. The .',ord ESTIMATE in 

agricurltural statistic is use'd in two differeires 'n.se'.. 'Lst.inat.e' is a 
stANtitical terrm which r'efers a the fial ,,xpnnsion of data from a saqmple 

survey, i.e. the area planllted to) wheat fra1 t~lte' labi ASPF stt'vey. IIn 

common terms the ra;poi'ted vaive nftr' the rerlt of one o' nmore 

surveys aire revie'w.'md rnd made putilik is Alsri tetrned nn ESTIAT'2, i.e. 

the yield of wheat per leit.a'e rni-'tol iy the Miristtn' in the 

newspape'. These are both valid utses oQ the wwid, however confusing. 

It would be desirNle to inLerchnnf/e the word INDICATION for estimat.e 

in the first sense, (lint, is- of the rosults of statistical sut'veys. As many 
survey INrICATiONJs might, thbe vnitlhle to tHie stl.istician who will 
finally .et o (e FST l>A'1'iC for l)itblicntior. 

Earlier in the disrumiOn if. ws trot ed tIn. straLifiantion is n tool used 

to incrense survey efficiency. Stt'aflifie'-tion is the pi'o(,ss of grmping 

similar snm pling tun its toeth ehr baned oil there simil i'ity. It should be 

apparent that a sisal ler sample inrten'essltV t0 mn to a pa nrnilmetr ifstll 

all of the units in the populti l have similar values. The g rouping of 

similar items together Or satnplirrg (?tratific~rt.iori i, tihe most. important. 
action that (can he tbfalen t.o incrense the efficie!ncy of the ntn frame 
sample. This is an i,,legral part of frnme construct.ion. 

The stratification pr ,oe-ss inchIn dE lh ftdlo~wiii g well d fined sli,,p.s: 

1. REVIEW and SELCT t'esronirc manterials that, will provide the 

information iend to seg, 'Remne the tarr'et. area irito mearii gful 

categories. In th.lie developinr wcarlId wte'e wide s pr'e(Nl re'esource 

inventories may )e few t.here is often lit tIe to chose from. Aerial 

photog raphy and satellit e imrntig''y tr'e mo1st c'ommon. Satellite 

imagery is now iniversnally available, while photogrnphy is not. 
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2. 	 DEFINE the various strata to be used. Definition should be 

use of the frame. They should
appropriate f,.r the intended 

reflect wha;t possible, ivenlth r at.ification medium used. 
worded in such

Definitions should be as .specific OS, 1os; ih'le, hiut 

away that every parcel of liand in the target population fits into 

ore "rld illy o.it stratlifli. 

1LOCKS. A stratum
Delineat.e the targe,t area into STRATU3. 	

area in which illthe included land 
block is th- largest con tiguous 

is of the same strata type. The minimum size for a stratum block 

is one frame unit. The technicians should be careful that no area 

in one stratum, 11(d that no area is 
is dlplicatedt more than 


omitted (Remember the complet frame).
 

when stratifiirtion is complete 	 by dividing
FRAME T. ',ITS,are for ine 

subdivision. The subdivided 
stratum lck s into uniform siz.ed s maller 

should he at. a mnlimumn equal to two 
or unit,stratum block, frame 

to segments.segments, and on the average equal ten 

unit (PSU) in the area frame 
The frnme unit is the primary sampling< 


sampling proedure. In locating a sample segment the frame unit is
 

first whichi co itains the target. 	seraent. The SEGNENT 
ralldorl v slected 

the second step of sampling
which is sele_(, d from the frame unit in 

the subunit or ultimate sampling unit 
and is some times r,.forred t( as 

in st.atistic:il t x :-. 

reason. selectingimportant for one By a 
The concept. of frame units is 

the sample segment and then dividing that 
which will containframe unit 

For example, a 
frame unit into segiments, frame 	 work is greatly reduced. 

frame 100,000
samplfe of lt)1 segments is to 	 be selected from a with 

step simple random sampling. All 
potential seg ments, using single 

of sample
would have to be identified in advance

100,000 segments 
segments each only 10,000 frame 

selection. By creating framre units of 10 
of these were selected (assuming no 

units would be required. If 100 
would be 

frame unit contained two sample segments) only 1000 segments 
total work load is 

to be drawn. A savings of 89%0 of the
required 
realized. 

units must be numbered
When frame unit construction is 	 complete frame 

units should be number serially
in logical and systematic fashion. Frame 

from corner of the population and proceeding
starting in the north east 

working southward in a serpentine manner. While the 
east to west and 

are arbitrary, the 
starting point and the directions of numbering 

unitsas much as operationally possiule, frame 
concept is to insure that 

one another are numbered consecutive. Even 
which are most similar to 

frame ihich adjacent are more likely to 
in the same strata two units are 


separated.
be similar than two which are 
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The numbering pattern for frlme units helps rl.rdce sampling error 
inherent in the finished frame. "'his is n7-wrmiplished by dividing the 
populntion into blncks of c nscuItively aw(llbeetd frame uInits called 

PAP1) ER STRATA. Ry a.soe'itt in ei ghbo rinI nits in n sibst ra.1, 
vnrinnce within thatt suist raA n 11l t.1 e If'oI t,1f ,-1' rta in redlII(ced. 

PnI,"r st rat are 'aIled thi; I-e u so thi s t tfiii n is only1)t ra.I , done 

on paper (more recently in Hie ,omputer). No wor'k on the frnme map 

itself is required. So netimes they will b, referred to ill the literature ns 

GEO("RAPIHIC SUBSTH'ATA. This terms men the same thing and may be 

mn r*e des!-criptive ("" Lhe (corcept. 

Another enportana t. lvnntage"' , silng 1orpor s.rat'l i.5 tihit sam)lin wi'i.h 

sisIt.l.rita allow..s I tt t.h, !;i l, ctiviledle 1coo, (1 l(, eeeev te iosII 

subrahnta. As the distrilnutiootof the mihsi ranl are somewhat uniform 

over the popul.d.ion it. i; issuired K thIIIe list.riloht ion orf the snmpie 

segments while random, will :1so hve .me ulifor'mily in distribution. 

As n point of clnifi':otion, ('( iYuNtIT i; it1 lder01, II( less des,;criptive 

term for fram uit. In early area: tr;i,iie resea,'rAlh sr.lotificntinn was 
hased on the d.-oiLy of Coun tlinros,',l..Illtil, wIePre e:stahlishedl',l 
byV c olt ing hou 5no. Thlis c flw(p is TIC) lou ifP r vo'l id liiit I lle namule 
persists. For fi, rlp,,'s hi, ctly !' e llilu llaIS frllneouir t ea th 1 kiu 

unit. Frame Ulnit is the preferrl', iv . 

The last Iinor step for Li,.o;iostrutionthe fom' thLni(ci in area frnmc 

construction involvs the measuring of the are. of each frame unit. 

This has been commonly ;atn ,,nplishIed using polar plnniict r. With 
recent advances in llicro c(miut'ers it, is no,: poss;iohe to cit itize maps 
and compute areas in the computer. i)igitizinq is the process of 

translating spntial information fro m tle map to a string of characters 

that the cnmpunite r is able to process. 

[he area frnme cont rucion is ci)mple.e when ihe ssignmenlt. of numbers 

of po.ential segments to frnime units is completed. This is a computer 

operntHon so that tle frame technkiian does not usually 'see' this 

operatioii. The ai'en of th frame unit. is divided by ih,, avernge t.ar1get 

Size for a segment in tLiA pari &ur sLrnn. This number in then 

rounded to the nearest integer valie enclu frnme Pnit. tofor hounding 
whole numbers is r,quired as it. is lnt, possible to deal with fractions of 

so g moats. 

When a sample is selected, th area frnme technicinn will be givern a list 

of frame units from which specified number rf segmuL.s must. be drnwn, 

usually one. This step: prepmring segments al n nmpiinq material will 

vary ns more than one process isa avaihie for segment ientificntion. 

The final prodluc t is the same, a SPG(;ENT defined in surch a way that it 
cnn be enumerntedl in a field sum' vcy. 

In ASP the t.nrget. population within a stirnta haq been defined in terms 

of some fixed number of poteinl segmnents. 'l'he sampling procedure 
seTc ts some number of these segmenIs to le enumernted. This is a 
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Frame Theory.
critical concept in the understanding of Area Sampling 

is NOT Tle AREA of the province or
whih is sampledThe population 

which were (potentially)
district, but th, .o FE,..\TP F TIE S E NT , 

process. Potential segments is
the cornstructioncreated in frame 

is known, only a few segments are 
specified, because while the number 

actually defined. 

tV look at this important point is to consider: The 
Another way 

number of potentialframe Eiample is theexpansion factor in an area 
the number of actual segments in the

in the frame divided bysegments 
the area in the frame divided by the area in the 

sample. It is not 

sample. Consider this c refully; misconceptions are comnmon.
 

books refer to 
Note for mathematical statistician: Some statistical text 

ASP sampling design as multistage sampling. ASP is a special case of 

of each ultimatethe probability of selectionmultistage sampling where 
is equal (Sallpirg_Techflniques

sampling unit (segment) in a stratum 
1977, page 295). In thisJohn Wiley & Sons,Third Edition, Cochran, 

within each subunitrandom samplingspecial case, formula for simple 
apply. This sample desigrnl is toerimed multi-step sampling

(paper strata) - 
of t he AS F (..rea Fraine Desi_gin- for Agricu It.u r n 

in the context 
USD:\iNASS, Augtust 1987).

Surveys, Nealon and Cotter, 

where multiple independent
USDA/NASS uses a replicated sample design, 

and sample size 
are drawn in order to facilitate sample rotation

samples 
reduction in sampling efficiency.

adjustments. This results in some The 

reduced efficiency is minor, particularly when compared to the added 

flexibility a replicated design offers. 



TIlE PARISTAN NATIONAL AREA FRAME 

The Government of Pakistan ask for introduction of area frame sampling 
because current methods used in Pakistan were judlged to be ineffective. 

Critical estimates were chroniically lat.e, and the precision of estimates 

was regularly called to question. 

An area frame was developed in Pakistan ol a pilot basis in tlhe first 

phase of the Agricultural Dalta Collection project. I,ow lrvel aerial 

photographs were used to stratify nd divide the target area into 

sampling units. Standard 15 mirnute topographic maps were used to 

accurately delineate an(d measure the areas involved. This required the 

transfer of strata blocks nnd count from 1)h)tis to maps. Frmne unit 

area was then determined oin the map. Survey material was prepared 

from enlargements of the nqsociated phot()o. 

It is important tro note that the two uses of the photography; 

stratification and locating sample inits for field enumeration are two 

very distinct and different operations. It wais convenient that these two 

functions used the same hasic. input, aerial photography, but. there is no 

requirement for this in area frame theory. 

In National Area Frame construction the stratification mediurn will )e 

SPOT Satellite inma.ery. The major advantage of SPOT is lhat it is 

current, and the color directly relates to the intensity of growing 

vegetation. With photography the intensity of land use was only implied 

from the i'resents of fields, irrignLion canals, and other artifacts of 

cultivation. Usually stratificntion based oin this kind of information is 

quite accurate, but problems dihI arise in saline soil regions. 

The SPOT image used will be a' rr nt as pros sible. Usuanlly the best 

timing for SPOT used for land use identifianion is du ring the peak of 

the most extensive growing season. Ironmio dates of early Septrmbor or 

January are probably most a')prop)riaie in IPalkintkn. Ideally the image 

used for the Nnaional Frame will be no older than from the previous 

September. Because the satellite only Irnveres a location about. once 

every 16 days, one cannq ,t precisely specify the required date of 

coverare. But by requesting a so itnable range of dates one 'an obtain 

the needed iagery, weather permitting. 

Stratification using SPOT is essentially the same process as with low 

level photography. The Lechnicinn using his best .jdgment, as 

stratification involve subjective reasoning, divides the target area into 

'blocks' of similar nd uso. The differnuce is the stratifier will not be 

abie to locate piecise boindaries for srnan bl Ic s on the S1'O'. In the 

beginning he rmay have some difficulty fixing the locntion of the image 

on itie ma p. Thi1 is because .lhere nris few man made landmar'ks which 

ore large enough to appear on the image, an(d Lhe trWpo map em)hasizes 

only cultural features. However, with careful study and the use of 

topographic maps for reference one will soon discover many identifiable 

features. 
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be in fashion 
segments National Frame will done a 

Location of in Area 
Frame. Where low level

field located segmenLi in the Pilot
similar 

the fi-lld process will be mimicked in the 
photu.?.'r is available 

around a randomly selected
aill segments will be constructedlaboratory, 

point. 

has become cowiwnonly known as 
The field location of sample segments 

Tiis a as points are enumerat .d. In'point sampling'. is misnomer no 

no area and this implies an infinite population. In 
geometry points have 

of (potentially) exist. Quite 
ASF a known and discrete number segments 

apply in the two cases. A more 
different statistical assumptions 

term to this segment preparation is 'field 
accurate describe type of 

does not have the implied assumptions.
located segment', which 

of awill become aware
involved in frame constructionThe technicians Mostin frame construction techniques.

number of significant changes 
of high technology tools, the 

obvious will be the addition of two pieces 
(ZTS) and the Digitizer. The ZTS will be used to 

Zoom Transfer Scope 
the image the 

assist the stratifier in transferring data froM SPOT to 
which transfers map

mctp. The Digitizer is a tool
base topographic can input into aThe digital data be 
coordinatesq into digital data. 

The digitizer and associated computer programs will replace 
computer. also beand data entry willhand review manualthe planimeter. Much 

turned over' to the digitizer and conputer.
 

ZOOM TRANSFER SCOPE: 

53-05-30-10, will be
Zoom Transfer Scope, Model
The Bausch and Lomb 

This instrument has the capability of enlarging, rotating and 
used. Spot may be 

or other graphics material (SPOT).
translating photographs 

with the image of a map or other output
viewed in so perimposition 

data may be transferred. It also has the 
material, nnd significant as is

the input images to obtain a better match,
capability of stretching 
required when the input material has distortion due to the angle of the 

Icamera'. 

the integration of the photo and the base 
In pilot frame construction remembering 
map was done in the framers mind. He studied the photo, 

tc be transferred then 
the (line boundaries)location of data and 

data. All neededthe 
to record as transfer area for the

moved to the map 
or less by framer.theunconsciously,corrections was carried out, more 

precision instrument, that performs one 
The ZTS is a very sophisticated 

the scale of one image and 
simple task. It corrects and adjustssingle 

to superimposed on to another. For our purposes this 
allows it be 

we may look at the SPOT image overlaid onto a topographic map. 
means 

are using a machine to 
This is only new in the sense that we now 

donea task that previoiisly was
make accuratespeedup and more 


manually.
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The ZTS consists of a frame or stand which houses and supports ail of 
the electrical and optical compOiioen Lt. Supported above the frame is a 

glass stage. Three iliumintor In mp s re attached to Ihe frame, one for 

the base map placed below the frame, and two for the SPOT scene 

placed on the stage. 

Elect rical controls, fotnd on the frame, inl,-hide a mnister switcli, and two 

fliclier switches oil either 5i( Iteof the optical housing, and three knobs 

which control the intensity of the illuminrators. There is also a foot 

switch which duplicates the action of thie flicher switc'lies. Experience 

has shown that the foot, swi ' I 'illbe 115(,t ,,.ten ivtly.h , 

All of thne optics controls are iocatd on the optics housing. A 

description of each iUs function ,nid lowat.ior follow: 

lie between 

eyes totn By 
1. INTERPUPI,,AY DInSTANCE Th'IIN:dli-tance the pupils 

of the vaties fromper)n to poison. gently separating or 

pulshing the eyepieces f tle U8 tIlnet her while horirir at an iririge the 

field of view can be adjuste(1 so tIat. :i frll field can b seen with both 

eyes. There is a scale above tie eypiees which displays the 

interpupillnry distance of the opernto'. Once n comfortable setting is 

found the operaltor iay rohnil to tis setting latter. 

2. UVYEfECH P ;, (y)', ;: Frich eyepiece tube has a knurled ring 

for focusing tie eyepiece. TO focus tllre 7'1'8 for in(liVidxal uS both 

eyepiecs shourld b&o ,tirre(I :all the way in and backed off about one 

quarter turn. The opetatr should focus e;lcl eye independently by 

closinq oie eye antd making t.he woiod adjustment. Then make small 
adjuistmerts while Pee1 nirg both es open iitit the sharpest image 

possible is (,)htainet. The (;porat'h " trrav" or nlrly itit. wear' gliasses as is 

mot coflfortable. 1'ersoris with soirs astigmatisl shroulId weat their 

glasses, or may find that they ae rnable to properly alingn mateial in 

the ZTS.
 

3. ZOOM CDONTRO I KNOB: TIne zoom control knob, located on the lower 

right front of the optical horusing, controls; the ainificAtion of the zoom 

system. When iising SPOT iprages nnd s t ndai'd topographic maps a zoom 

of a boot 4x wilt bring the spot. into tIhe same swi'ale as the map. 

4. STRETCH CONTI?0L: The Aretc:h con trol, locnted to back right side of 

the optical housing, is tsed tin stret:i the image in such n manner that 

a square may appear to be a rectangle. TIe ratio of stretch is variable 

from 1:1 to 1:2. 

5. STRETCH DIRECTION CONT Pub: 'IThe stretch direction control is 

adjacent to the stretch control. It is used to set the direction of the 
stretch from 0 to 180 degrees. 

6. FINE X AND Y ADJUSTMENTS: Coarse positioning of the image is done 

by moving the map beneath the instrument or by moving the SPOT 

image on the stage. 
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the map lens may be scanned over the map. The 
For fine adjustments, If theare located above the map lens. 
Fine x , Adjustment Screws 

of the scrt w is reached and more movement is 
II aveled o 

of the range, reposition maps
required, Lu rnithe screws into the middle 

turning the
Fine x and y Adjustment Screws. When

and then use the 
after image has ceased moving,

outward do not, cont.inue turningscrews 
fall out.otherwise the screws will 

light shoild
CONTROLS: The illumination or controls be 

7. ILLUMINATihN are satisfactory
adjusted so that the intensity of the image and the map 

the operator. The lights are controlled independently by dimmer 
for 

of the frnmn - and a master switch on the right.
switches on the left 

SPOT image are controlled by flipper
Illumination of the map or the 

side of the optical unit and are duplicated in the foot 
switches on either 

control. 

SPOT IMAGES:HANDLING OF 

form a color 
SPOT images will be received from SUPARCO in the 

about 10 inches square. It will 
photograph negative. It will be on film 

madeenvelope. A contact print will be 
be packaged in a clear plastic 

placing the negative
from this negative. Contacf prints are made be 

exposing it to the light. The SPOT 
directly on the print paper and 

careful stored. All stratification work will be done 
negative will then he 


contact or positive print.
using the 

that is the chemicals which carry the color in 
The emulsions, 

scratch very easily. For normal 
photography, are extremely soft and 

surface of a photo are not very important. In 
use scratches on the 

positive images magnified
we will be viewing the SPOTst.rntification 

many times. Even minor scratches will appear as major gashes in the 

ian sciape. 

should
the nature of the photography the negative

Because of soft 
the positive should be 

out of the protective cover, and 
never be taken 
handled as carefully as possible. Particular care should be taken not to 

on any surface (except the viewing stage of the Zoom 
place it ace down 

Scope). The face or picture surface should never be wiped or 
Transfer 

slid across any surfaces.
 

HANDLING OF MAPS: 

maps will be the basis for the Pakistan National Area Frame,
Topographic 

area frame. More careful handling of the 
just as they were for the pilot 

of frame construct-onrequired. automation maps, however, will by The 
folded, creased, smudged, tea spilt, or 

requires that maps NOT be rolled 
with clean, dry,

subjected to other abuses. Maps should only be handled 


oil free hands.
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Paste boa d file folder s .1ho' d Ie made for map s tor'age. A hinge can be 
mnino unii ll, '1oth tap)('. The fram- trpo I.Iwi)5 slould he storpr'l it) the!5 
f nld nr:-. No more thrnn ,r)out t''n lin 5 s!h' iii(lI he sto!ored inl one folder. 
This will help minimize the map hnnrlliinq while Irerpig an ordp'rlv file 
mystw. Of course the outsile of t he filp flder should he anointed with 
its con ten ts. 

A colrmmon practice ,Iriiri pil't frnminin_ wis for' the fai)gller to 'li the 

map un(1rC. the desk in front, of him. 'This calused the paper' Ic)Lbe 
lightly c'eased as it, turned. '[his i not be tlorleral," uirling the new 

frame co :'utrU tiO, aS tire (igi.i fizpris very snsitiv to small shifls in 

paper 1ratinn on the diqitizilg laiet c'at,:-,,d by these small Mflds. 

Anotit p)-:actirc. th - ,eds t') b r hl:rged is the tpi of the map 
edges. This was very desirnbl; i help preserve the m,p, rhen tl]rey 
wer Invlled over over' gnin. 'Ire uorogoal now mcust br! to handle a 

map I he minirum nmber of ni0.nrt, to W. t.h job done. Al;o, the 
ntp. expand and shr'in! with ,halEngillg Illintidily. The Pilpe (r10- not.. F'or 
thi re , Ie1yI 00 (I thIe IeI ps niot, flaItn 3" h1i iid a y Iat Ifil will I.Iy as 
they 'bubble' inside the tntpe( edge. 'he slighL. cborngr' in map 
climr, n,0 dup t ) -aesther in itself will not. efiect1 oIi' work 11,3 lrng as 

it ran till be accur'at.ely aliuinmi on the digitizing tailt. 'Tl 'm'efro, the 
maps should not. ho taped so that. they er,.x :n nld ,,ilt'c't. nil'orr ly. 

The sinpl, overriding factor in nil map hnuHrling is 'Ilw does it ,ffect 
the digitizing pr ,r5 ?". Digitizing is the riot technologcrically sensitive 
operation ii frame constructior. J)ig ilizing wil great.ly r'educe the time 
involved in frame consL'ucti n. it will re.atly imncns', th, arcurr'acy of 
the finished frame, and it. will :o moLst of Il. error fr'ap ill.irtat, ..as 

previnusly done by hand. PUT, it requires [)rer:isi)n pr')du('t . (maps) to 
work with. The digitizer' normally works in 'In accuracy rarge ofo0.1 
millimeter or smaller'. Even very small ,chnnges in the map surface ",ill 
render a map unu.nble. It, is imperaLive thlla rIaps be handled "s little, 
and as cnrefully as possiblde. 'thy should nev"er e folded, creaser, o 

rolled up. They should be handled only with clean, dry, oil free handn, 
nnd then an little an po- iblm. Every flexuire of the paper causes the 
ntructire of the pnper to break do,.'n sightly. Paper and specially Lhe 

paper used for mnpq is very dur'able, hutt for our purposes it must he 
t'eated with great i'rppect, Any map which cannoL be digitized will have 
to be recrented. All data processIng will prweed from files which are 
automatically rr'eni ted in the dig itizing proces 5. There is no provis on for 

manual input. 

Remembunher the complelIel maps ald th.e {Iir<tized recort is tIhe frame. It. 
will have cost many millions of rupees to create and will have a life 
expectan-y of twenLy years or more. It should be treated accordingly. 

A new procedure for toprrnphic map n bnrering will he employed in 
Nationnl ASF construrction. When liet relatively smnll district wns the 
target population in the p ilot projec t all fr'anie units in a dislricL were 
numbered at one time. The tonporaphic map numbers were used t.o 
maintain orderly files, but were not part of Lhe frame identification 
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In the ares this would require all stratification and
itself. National frame 


frame unit con-rue ti, ,npjeted before the rext step cooId begin.
 
flow of work. 

1,, pW' ' , d qtill maintain "n ;ri orlI"
This is clea rly 

he fir:., step in National .'SF constructioii will be the wumbecin of the 
..


t hot e ac I Im ap , be p roce ssed
1, such
topo rrIap., ma in a way 

will laid out in large
independently. All mat'.a used in a pro,,ince be 
'mcsaic' and numb- r in a serpentine fashion. This will allow each map to 

but th,, will still be
he handled as an independent unit, )mpleted frame 

organized into a geographic distribution. The discussion of numbering of 

a stage appliesframe units which follows at Inter in this paper equally 

here. 

STRAT IFICATIO N: 

The first. recjuiremrent of the stratification process is to develop 

categories or s''-itum definitions. Each stratum type
stratification 
should be clearl! reer;, nizable from the material available. For National 

Arr-i Frame Construction tlis is a combination of SPOT imagery and 
this area frame is for 

topolotfirlnl maps. As the primary rise of 

agricult ra! sI :'vevs stratification fliould consider land use types which 
to measure 

are important to agr',lture. Area frames could be developed 

1.arly anything which can be associated with the land, but stratification 
were thediff-'rent if the distribution of coal depositswould be much 

pr-mary consi "'a ion. 

pilot frame are likely to 
The stratification definitions develop-d for the 

modification.
usable in the development of the Nationa! Frame 	 with little 

to distinguish irrigated
Oe adjustment likely, is Liatt it will be difficult 

from unirrigated cro-)p land with certainty. This should require the 

of some specific strata definitions into more gerieral terms.
collapsing 
The absolute detail will not be as apparent on the SPOT. This will cause 

exist. This will
'ypes to be unrecognized when only small areas 

not lead to difficulty as the smnllest a strata block should ever be is 

about oi-' half square kilometer. 

scme use 

the purl ,e of this paper to address the interpretation of 
it is beyond 

training in image interpretation.
SPOT. SUPARCO will provide specialized 

which standardized
However, satellite images use a false color scheme is 

light patterns the satellite 
to -present the intensity of the various 

to
receives. Generally grn'.: g plants appear red, bare soil is brown 

t(o Clouds will usually be w' ite
yellow, and water is Inrl blue black. 


with a digtinctive shadow. Recognizing these general pattern will aid the
 
the image to the

stratifier new to satellite imag,"-y to begin to relate 


map or :.he ground.
 

steps required to stratify a
The following outline sets out the general 	

madethe ZTS and SPOT imagery. No attempt is
topographic map using 
here to set hard and fast procedures, as the best approaches will 
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evolve over time. These steps are offered as a starting point. E-ven 
before detail training in ifli ge iliterl)roltntion the striltifier shold01 
practice scene alignment and the other slkills ontlined here. 

1. Begin working as near to the center of the SPOT scene aso; 
pos,ible for a porticular mlp. This reduoces the amount of edge 
distortion, which is significanli. aIlong) th,ii' uter c(tqo.; of tue SPOT 

2. Locate a land mairh on the SI')T in the ar'ea you inteldI to 
strntify. Center this area onl the stage with the lnl1,s on the image 
pointing "way from the operator. 'The rotah.i, c(,ntrol should he set so 
that labels on the SPOT are correctly or'iente(t in the viewer. 
Magnific'ation hloulH best I iN. 'Isii nllow.s for ho larilest area 
possible in the field of view, which is o'iinte(d ; tiint ad.jutting the 
position of the scene on tW'e .A,,e moves the image in similar directions. 
When the rotation cont'ol is not thus aligned it. is harvd. W move the 
,sceno as it travel ii the viewer is not ns expected. Ueminhecr by using 
the foot switch or the finger. c,)nt1'o'. it is posible vie,.: the LtO)o 

map or the SPOT seen oitce, nd also to suporil.ipose one )n the 
other. 

3. Center the topo map nni the table, attempLing t) line up the 
landmairk chosen ot the SP'I't with the snmu locntioli oIi the too it] the 
center of the field of vie". It is not n.'essa y that the t 1 )lo m } l)e in 
the right side up. Place it in tme most c(imfo'tl)ie posiqtion to work . The 
SPOT scene cm be 'rotated' )y using thli" rotational control wheel. By 
using this Yontrol the scone hon gi,'n the stoe orientation ashe the 
map. Now slowly turn the magnificntion control to IX, while watching the 
image in the viewer. The SPOT image wilt seem to move as it is 
enlarged, Adjust the position (of the map as needed to maintain 
alignmen. The SPOT annd the topo shnould he now rotghly aligneI. 

4. 'Tihe near perfect alignment of the scene is critical to nccurnte 
stratification. By experimtentation with the magnification control, 
stretch direction, and strech distanco control carefully align the 
central part of the field ouf view. Only the centrn] two thirds of the 
field of view should oe USi6 the edjgeoSs have addition;is 'oter some 
distortion and is hard to see in any case,. When sinking tlheie alignment 
adjuqtments align as much of the entire field of view as possi ole. Again 
aliginment is CRITICA, to a good stratification .job. 

A flint: S;iding a she,'t of heavy white paperi over and the topo map ins 
the same effect ns turninlg off the table lamp. This hrs two advnntagre: 
1) It blcks the map image nmpletely, and 2) it allows for 'turning 
off' parts of the map only. This is useful in chcching for alignment. 

Rem ember Lhe SPOT map is accurnate and up to date. Things which are 
.isible on the image are properly placed (given correct alignment of the 
SCenre), but things change and there are errors on the topo maps. When 
there is a difference the SPOT is right. In general roads, canals, and 
other man made features are the most accurately placed on the topo 
maps. Natural rivers change location and size over time. M' -ntain 

16
 



peaks and ranges should be well located on the topo maps and of course 

move little. Keep in mind the possibility of placement errors (on the 

lopo) when adjusting the alignmneil. 

of areas inStratification uising S POTIhas been tesHted in a number 

Phil.inn by the ADC, St.hiff using the Zoom 'lrelnfer Scope. Field 

doell, htl. reas the AI)C '-tff ,.ero familiar with were(A1c)i( ng wall not. 
tISed. 'lh niaj(or difference the stratifier will notice is that tho SPOT 

image carry much less informnation than the compariable photo. lie 
fa"r information avilable than5-01nulH remember that the photo had more 

was nctually ise(d in the strntification process. Very accurate information 

on the into ity of c~itirut, land ufSc in avaiible on Sl-1 'IP. This is the 

crit,.:in for strallLificlion, nl other d ta) t.vnilkible on the photo wans 

qecon :iiy to the stratificat.ioll proce;s. 

5. BPgill stratificatioln from the center of the field of view working 
.

outwami. U is necessaVry ' work whii, wtching your pencil through 
IMt. be cnceful. The field of view is, mnagnified. Contr, "' andtHe viewer, 

cooirdinatioi (f the pencil ,.oes take pratc.te When stratifyigf,, decide 

what is; the last.L representlcd uLrnLn in Lhe "r'ld of view nN block this 

area into the sLratn )lock s. Remembe r t) clearly idon iify the strna 

31, etc. In no case should n strata uock be smallerdefined, i.e. 12, 

than one half square kilometer. 'lhe red g ri( squares on the me1) are
 

one full kilometer square.
 

Note: Thinis means that very few villages will be delineatod an separate 

sLata blocks. It is evident from the pilot fraime construction that 

incorploret.in g the village ntL rntn greatly increased the work load in frame 

construmcLion, but did iWt significnttHy iup rove freme performance. 

Th Stratification procedure is idetticai wiether low level photography 

or field located points will be us(d for sampli.g in the district. 

Proc, lures for defining tle segment will be such that a segment is 

cu nstructed around a rnn(, tointt in the laboratory on photography if 

available. 

6. When each field of view is complete the stratification should be 

reviewed by a second technician. This review should be to verify and 

assure agreement on basic image interpretation. It slinuld not b)e a 

review of the: exact loclation of each line drawn on the map. 

A note to the reviewer: Remember stratification is nt least as much Art 

as S(ience. 'Ihi in mans thint tire is no single 'right' way, end no two 

stratifier will do the job in the same way. Be very critical of 

stratification which is wrong (Remember non-sampling error). Be careful 

to dist inguish from differe t. 

7. When review is comlete the scene and topo) map should be shifted 

about 2/3 of the field of view and the process of alignment and 

stratification completed again. This procesb should be continued in a 

spiraling fashion around the first field of view completed until the 

entire map is stratified, 
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the edgeThe stratifier should record tile strata from one map on to the 

of adjacent maps. This will help insure a smooth transition in strata 

from map to map, and help reduce the personal bias in map 

tihe 111p boundary: therestratificLtion. All strata bloc(5 should end at 


should be no overlap on to adja'erit malta.
 

8. Completion of the stratificationi of a topo ma p) should require about 

o"e day. Thelit operation that the stratifier shoult do is to review 

'li e mip tcom inil to co rrct obvious errors. There shouldfor'oI) el 10s, 

be no ilcomplpleLe boullilries. All lines drawn should terminates at the 

or at another line. There should be no unstratifiededge of the map 

Olro-ei5 11l.o, no holes.
 

With SPOT procedure it is not necessary that boundaries be observable 

on he groturld, so the O1st convenient boundaries possible should be 

11qed to foIII frai11e1 units of the appropriate size. These will usually be 

the re'td grid lineti that have been preprinted on the topogrnphic map. 

Usilig these lines will help inr digitizing and insure 1niforin sized frame 

0l IIi its. 

Fiane units should next be nuMbered . Numbering should begin in the 

northern east. corner of the map aind precede in a serpentine manner 

right to left until ill frame unrits are numbered. Each topo graphic map 

will he n1umbored independently. The numbl1ering sequence should 
inclu-e llfamle uiits IegrI-le.5s of the strata. Note: This is a 

d(evintion from the pilot procedure. Frame unit numbers will be a thiee 

elell,-nt number. The elements inclu(de the ASF map number, the 

str11111 id(It.ificftiol nilmibei', tu(t serial numb ,r of the frame unit on 

Lbhe 'p'lie numb er will be in the form of xx-yyyzzz where xx is the 

strnl number, yyy is th( ASF1t11) designation, inrd zzz is the frame 

init 1erinl number. Only in a special cases will it be necessary to 

rc(oC0rd the AFIF in n iiuiber on the frame unit as it is number. The map 

ulier %,ill )o normally id(led by the digitizer. 

Facth topographic 1111p will stland alne. No count ohnit will overlap on to 

n y other imap. This will ad( la additional measure of quality assurance 

as the sum of all areas in ill strata ini a map will equal the map area 

(,xcept where a district boundary transits a map). Although each map 

stands alone, [ie stratifier qhou1d review adjacent completed maps in an 

effort to 1ni.1i ill a smooth t.rririsition from map to ina). 

Every effort slhould be made to insure accuracy in frame numbering so 

ns riot to overlook a frame unit, o a number, or to duplicate numbers, 

exte sive review is riot reqiuired. The digitizing operation checks for all 

of the comro numbering problem . 

When frame unit 1umb, ring is complete the map should be (lotted and 

.otierwise prepared for digitizing. Dotting is a process of marking each 

011(1 of all straight lines which make up a frame unit. Also dotted are 
intersec tion. A common problem associateddirection marks eichi line 

dotter begins to make dots that are in realitywith digitizing is that the 
small line segments. This makes it particularly difficult for the digitizer 
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to know exactly where the dot is intended. It is a common practi;-e for 
helps him now

thn Lechnicirin who digitizes to de his own dotting. ThiR 
than digitizing

whIt wits intended. There nre uisunilly more tech nicinns 
slow the prou ;,ss.,quipme ii so tLis doe not 

topo 11mp soclrity on the
Diigitizing is done by plnciig the printed 

and imirh each line segiren.it, defined by the dots. A
digilizitLion tlble 

hair siglht is used. Following the 'prohipts'
cursor with n cros's 

lend the
dislpiayed by the digitizing softwnre on micro computer 

will ask the operator to 
tech niciani throtligh the process. The computer 

Iifll(' the dots which ilentify thin frame units on the mop.
 

a
is mnde here to expinin or Peah digiti',nr operntion. Only

No attempt 
madp. l)i giizin g requires a fairly high level kl.

rvations are 
slit ,1 become proficienLt in its operatiorn, bitt itfew o' er;, 

A numbler of operntrs 

not cost effective to train everyone. Also, digitizing is n one person
is 

dntn can he lost too quickly to 
opeOrnt.io. Frustrntion levels rime, nnd 

more than one person pushing ,th,buttons ati a time.
jutify hnving 

linhits should be carefully cultivated so 
Finrlly, proper file handling 

that
that dntn never 'misjpincel'. it. nhholtl go without snying 

tipe at. frequent intervals.(PLita file th3luld be bn~ii'l ediip 0nimpilOt,t 

nnd fil errors reconciled the digital file 
Wlqr'n the digitizing is comlete 

thn other digital map files for the 
(iii !ne coii ,,mio) merge(' with illof 

cnsl ructin iq complete. 1he combinntion of the 
province. Area framne 

Inta files, properly stored nnd backedup, is the 
mnpsa nd L,he digitoa 

rea fraime.
 

step. These topics will be
Sample ollocation and selection is the next 

covered in separate papers. 

19
 

http:opeOrnt.io
http:segiren.it


DEFINITIONS AND ACROIYMS
 

The following list of words and ncronyins nre presente( to assist in the 

understanding of some of tie jargon developed around remote sensing 
terms are used in this paper,in agricultural research. Not nil of thewe 


hut may he found commolly ini remot.e mel,: ;i literaitur,.
 

'ArRI STARS Agriculture and Resources Inventory Surveys Through 

Aerospi,'e Remote Sensing. A USDA nnd NASA joint project. 

cursor An aiming device, such as a lens with cross hairs used in 

digitizing 

digital computer A computer that operates on the principle of counting 

as opposed to measuring 

digital image An image having numeric values represent color 

intensity 

A machine that changes graphic cartographicdigitizer 
information into numeric form 

false color A color image prepared by assigning blue, green and red 

colors to the three or four frequen' bands which the satellite 

receives producing colors similar infrared photographic film 

FOV Field of view 

1,ACIE Large Area Crop Inventory Experiment. An early USDA/NASA 

exercise. 

Land Satellite, Earth Resources TechnologyiANDSAT(ERTS) 

SnT ilite
 

grain 	One of the discrete silver particles resulting from the development 
of light sensitive film 

gray scale A monochrome representation of a color image, a monochrome 

strip of shades ranging from black to white used to balance colors 

in color photography 
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image The recor~ied representation of an object pro-duced by optical or 

light (or other emitted en -rgy) is not directlyother means when 
recorded on film 

MSS Multispectral Scanner 

negative A photograph rn film, plate, or paper in which the 

tones are reversed 

NOAA National Oceanic and Atmospheric Administration 

pixel Picture Element; The area on the ground represented by a data 

value; the smallest area 'visible' on a satellite image 

positive A photograph on film, plate, or paper having 

of light and shade as theapproximately the same rendition 


original subject
 

resolution The ability of qn optical system to distinguish between 

signals that are spaoially near or spectrally similar 

tC-it occurs before the satellite sensor; the imagescene 	everything 
recorded by the satellite sensors 

signature Any characteristic or series of characteristics by which a 

material may be recognized 

to the location of, proximity to, orspatial pertaining 
orientation of objects in respect to one another 

SPOT Systeme Probatoire D'Observation De La Terre 

The graphic display of data from a geographical datathematic map, TM 
base
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PAKISTAN'S
 

AREA SAMPLING FRAME
 



NEED 	FOR IMPROVING PAKISTAN'S CURRENT AGRICULTURAL STATISTICS
 

method of estimating area , and
i. 	 Pakistan's current 


production, the Village Master Sample, employs sampling
 

procedures based on the Land Revenue System.
 

The current system of collecting agricultural statistics
2. 

does not fully meet the requirements of planners and
 

policy makers.
 

a timely
a) 	 crop estimates are not available on 


basis
 

not known
b) 	 reliability of the estimates is 


asked USAID to

3. 	 As a result, the Government of P-ikistan 


provide technical assistance in improving the existing
 

system of agricultural statistics
 

known as the

4. 	 A U.S. team recommended a new technology 

has been successfully used in"Area Sampling Frame" which 
the primary method of collecting acreage,the U.S as 


yields and other kinds of data since the early 1950's.
 



WHAT IS AN AREA SAMPLING FRAME ? 

An Area Sampling Frame, such 	as the one being implemented in 
the land area in the countryPakistan, includes all of 

without overlap or omission.
 

This land is stratified into categories, according to its
 

use, by using spot satellite imagery and topographical maps.
 

Once the land is stratified by it's use for a province or
 

the entire country, probability samples of land areas 
(called segments) can be drawn from each land use stratum to
 

arrive at estimates for a
conduct various surveys and 

p )vince or the entire country.
 



WHAT ARE THE OBJECTIVES OF THE AREA
 

SAMPLING FRAME? 

To modify / replace the VMS data collection system by:
 

1. Providing statistically reliable estimates of acreage
 
a timely and cost
and production for major crops on 


effective basis.
 

2. Making possible the use of growth models for
 
of major crops before harvest, so
forecasting yields 


early production estimates can be made.
 



WHAT ARE THE ADVANTAGES OF THE AREA SAMPLING FRAME
 
COMPARED TO THE EXISTING SYSTEM?
 

1. 	 It is completely independent of all other sources
 
such as revenue data.
 

2. 	 It is more timely for both acreage and production
 

estimates.
 

3. 	 It is cost effective.
 

4. 	 It is statistically reliable
 

5. 	 It is more flexible
 



1. Phase I
 

a. 


b. 


c. 


2. Phase II
 

a. 


b. 


c. 


PROGRESS TO DATE
 

1976 aerial photography was obtained in
 

1985 and used to stratify four districts in
 

the Punjab and three districts in the Sindh
 

Province.
 

acreage and objective yield surveys have
 

been conducted continuously in these seven
 

districts since 1987-1988.
 

couldn't get more (or recent) aerial
 

photography
 

permission received to obtain spot satellite
 

imagery for the entire country.
 

stratification got underway for the entire
 

country in 1989 using the satellite imagery.
 

surveys 
districts 

are continuing 
until all land 

in 
in 

the seven 
Pakistan has 

been stratified using the satellite 

imagery. 



THE STEPS INVOLVED IN THE CONSTRUCTION OF AN
 

AREA SAM PLING FRAME 



STEP 1
 

The target population is first identified -- in
 

Pakistan it is the province.
 



STEP 2
 

land use categories (strata) are defined and

Homogeneous 

identified.
 

(see the following strata definitions)
 



STRATA DEFINITIONS FOR PAKISTANIS AREA SAMPLING FRAME
 

Stratum 10 -

Stratum 20 -

Stratum 31 -

Stratum 32 -

Stratum 41 -

Stratum 42 -

Stratum 51 -

Stratum 52 -

Stratum 61 -


Stratum 62 -

Stratum 70 -


Intensive agriculture, 60 to 100% cultivated.
 

Extensive agriculture, 30 to 59% cultivated.
 

1 to 29% c-itivated, and/or pasture.
 

River bed
 

Land not suitable for cultivation or pasture
 

Land reserveu for 4ational security
 

Urban areas
 

Villages and other agri-urban areas
 

Forests or concentrations of large trees
 

Orchards or other concentrations of tree grown 
crops
 

Water
 



STEP 3
 

(strata blocks) are delineated on
Homogeneous land use areas 

topographical maps using satellite imagery.
 

(see Figure 1)
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Stratum. 10 

S t ra t u m 

- Intensive 1gr0culture, 60 - 100% cultivatedStratum 10 

Stratum 20 - Extensive agriculture 30 - 59% cultivated
 

Stratum 31 - 1 - 29% cultivated and or/pasture
 

Stratum 32 - River bed
 

suitable for cultivation or pasture
Stratum 41 - Land not 

shown here)are several othe,: strata not
(Note: There 

.



NOTE: In theory, all land in each stratum is next divided into
 

small areas (called segments) on topographical maps.
 

(see Figure 2)
 



,PROV IN( 1

w3) 

Figure 2- Example of deineating entire 1;hod area in a province into segments. 

(Note: This takes too much time since each small segment must follow boundariesthat can be found by enumerators -- such as roads, water courses, etc.) 



STEP 4
 

land in each stratum into small units

Since dividing the 

(segments) takes too much time, we divide it into larger 

units
 

(called count units).
 

(see Figure 3)
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PROVINCE,
 

St ratum _.._ 

Figure 3 -Example of delineating strata blocks into count units. 

it too delineate all of the segments in a
(Note: Since takes much time to 

count
province, count units are delineated instead, In this example, each 

unit contains 10 segments). 



STEP 5
 

A sample of count units is randomly selected into the sample.
 

(see Figure 4)
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PROVINCE 

S = Count unitsStratum -> 

randomly
 

selected into
 
sample
 

Figure 4 - Example of randomly selecting a sample of count units 



STEP 6
 

The count units are then delineated into segments
 

(see Figure 5)
 



PROVINCE
 

Figure 5 - Example of deineating selected count units into segments 

count unit contains 10 segments)(Note: In this examp.le, each 

http:examp.le


STEP 7
 

One segment in each selected count unit is randomly selected
 

as the sample segment
 

(see Figure 6)
 



PROVINCE
 

510 segI~eIlts 

10segents 

selected 
sample 

in 

560 segmients 

St ra tumStrm-1 

32 

360 segmegts 

8 segments 

selected in 

sample 

--- Stratum 10 

180 segments 

' 

870 to6al segments 

19 segmenlts in 
sample 

segments 

selecteds1m1e1 t-L 

Srtm4 

180 total segments 

3 segments 
sample 

in 

Figure 6 - Example ol randomly selecting one sample segment 

In each randomly selected count unit. 



STEP 8
 

These sample segments are then used for conducting various
 

surveys.
 



HOW ARE THE SAMPLES DRAWN?
 

1. The best available estimates of variance for the majorcrops
 

are used for computing sample sizes.
 

2. When the sample size for a stratum is determined, several
 

separate simple random samples of segments are drawn from
 

that stratum which will sum to the predetermined sample
 
size.
 

This 	method of sampling is called replicated sampling and
 

has two major advantages:
 

a. 	 ease of sample rotation
 

b. 	 easy computation of variances for the data
 

collected.
 

3. Samples will be drawn at the province level since the target
 

population is defined as the province.
 



HOW ARE THE DATA COLLECTED?
 

collect the data-from
1. Enumerators in each province will 

farmers by personal interview when possible.
 

2. Enumerators from each province will be trained by FBS 
before
 

each survey.
 

3. supervisors in each province will conduct quality control
 

visits to the same segments visited by enumerators and 
make
 

the data
 see if farmers were interviewed and
checks to 

accurately recorded by the enumerators.
 



HOW ARE THE SAMPLE DATA EXPANDED?
 

The sample data collected from the segments in each stratum
 
The expanded data for
 can be expanded to the stratum level. 


at
each land use stratum can then be summed to arrive 


estimates for a province, or the entire country.
 

(see Figure 7)
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510 segments
 

11 segmaits 
selected in 
sampl.e 

tr;Stua um.20 

360 segments
 

8 segments
 
selected in
 
sampl e
 

Stratum 10 

870 total segments 

19 segments in 
sample 

3Stratum m 4.Srtm4 41selected 


in sample 
 I 180 total segments 

3 segments in 

sample 

Figure 7 - Example of expanding wheat acreage found in sample segments by
 

enumerators to stratum levels for province.
 

Stratum 10 expansion
 

Number of wheat acres found by enumerators in sample segments multiplied by 

for stratum 10 in province.
870/19 = total wheat acres 


Stratum 41 expansion
 

Number of wheat acres found by enumerators in sample segments multiplied by
 
= total wheat acres for stratum 41 in province.
180/3 




HOW ARE THE DATA TO BE PROCESSED AND TRANSMITTED?
 

will be manually
data collected by enumerators
1. Acreage 

edited, keyentered by computer specialists, re-editea, 

and
 

summarized at the province level.
 

will have a laboratory for processing

Each province 


collected by enumerators.
objective measurement raw data 

manually edited, keyentered, re-edited and
 

This will be 

level to produce yield
at the province
summarized 
 can be made.
indications from which production estimates 


2. Provincial estimates of acreage and yield 
will be prepared
 

from the summarized data at the province level 
and approved
 

level. The estimates will then be
 
at the province 

transmitted to FBS in Islamabad.
 

according to a
 
3. All provinces will transmit the data to FBS 


crops calendar schedule.
 

the provinces

4. FBS will analyze the information submitted by 


and prepare estimates at the National level.
 



FINAL IMPLEMENTATION
 

seven districts of the Punjab 
and
 

1. The ASF has been used in 


Sindh Provinces for several years. 
Existing ASF surveys will
 

continue in these seven districts 
until the frame work for
 

satellitecountry, ustng spot
the entire area of the 

imagery, is comipleted.
 

in the
will be completed
and sampling
2. Stratification first survey
1991. The 

Balochistan Province by April 30, 

field located
 
will be conducted in this province 

as soon as 


segment work is complete.
 

on spoL satellite imagery, should be 
3. The ASF project, based 

complete and operational for the 
entire country of Pakistan
 

by June 1994.
 



TRAINING DOCUMENT FOR AREA FRAME CONS'RtCTION
 
USING SPOT IMAGERY
 

Prepared by:
 

The Food Security 1anaaement Project, USAID
 
AqricLltLre Data Collection Component
 

November 30, 1989 

5'
 



TRAINING DOCUMENT FOR AREA FRAME 
CONSTRUCTION USING SPOT-IMAGERY
 

30 November, 1989
 

Area Frame Construction With 
Spot Satellite imagery
 

been
has traditionally
(AS) construction
Area sampling frame 

with aid of aerial. photography 

and topographical maps.
 
completed has
 

1970's in the United States and 

true until the mid
This was the mid
 

the case or Pakistan. Beginning 
in 


been true until now in 
of the Nat.i onal Agricul tural 

Area Frame Section
1970's the an aid
 
(NASS) began usinmg satellite imagery as 


Stat istics Service to outline
 
process. The imagery was used 


in the ASF construction aerial photogarn Lihe 
were later delineated
whicoh
strata bl ocks 
frame maps. This was a1] the 

raphy and then transferred to the 

square meter reso.ution
due to the 80 

imagery 6ould( be used for 

LANDSAT satellite.of the 
the
was added to 

the early 1980's a secon(d ,,n1sor

Starting in The 30 meter 

square meter resolution. 
LANDSAT satellite with 30 

frame construetio
in the NASS area 
a changeimagery caused used as an integral.


the satelli te imagery is 

process. Currently no
Photo mosaics are 
process.
frame construction
the unit
pmrt of 

All strata blocks anid primary sampl ing 

longer built. The 30 square

on the frame map.
is m1u,'V directlydelineation of theis used for dblineation

satel] it,' imagerymeter resolutiol 
the primary samplirg unit boundaries.
 

straLa blocks and many of 
for areas where


then reviewed
photograph yCurrent aerial is 
was not possible using 

primary sampling unit boundary deli.neatiol 
 frame map.

the satI.elite imagery aid the The 

the combination of sake of underfor. thesome clariicLation
previous sentence needs The frame
 

of th.1e satellite imagery.
use
standing the complete 
extensi velyy for boundary ses.ec

maps (county road ,mps) are us,e.d 
person stratifying istihe
1.f a road is on the map

tion. That is, Therefore the 
to us(. that road for a permanent boundary. 

free the primary

identioy boundaries of 


aerial photography is used to 
the map.1not fouind on

where roads can be 
sampling units 

use of
 
I o The PAKISTAN AREA SAMPI.,IN(; FRAME and the 

This brings us should he pointed out be-Two differ'ences
SPOT satellite imagery. area samplingthe Pakistanarea frame and
the United States
tween di fferences are 1)
The two


under" construct.ion.
frame curren tly county mapsPakistan vs. 
the frame maps (topographical maps for 


and 2) the satellito imagery (SPOT for
 
United States)
fcr the these items 

the United States). Both of 
Palistan vs. 1,ANDSAT for 


on the 
frame construction process.
 have a bearing 


more detail
 
used by Pakistan give much 


The topographical maps This detail

the United Stl.es.
used in
count1ry maps
than the to identify
 

gives the person stratifying a much greater ability 

the area sampling frame. The
 

needed for
boundaries
permanent (including
boundaries
permanent
roads as 
county maps give only the frame con
can be used without question 

Jn 

whichrailroads) 




USING SPOT IMAGERY
AREA FRAME CONSTRUCTIONTRAINING DOCUMENT FOR 

30 November, 1989 

and riversas st reamssuchOther boundariesprocess.strucLion due to changes in haterway
can not be trusted

(natural waLe rw ys) themaps are superior over 
over time. The topographicalcourses hasprocess. Pakistan

the boundary identificationcounty maps for well as 
many man made waterways, canals and feeder canals , as 

mapson the t.opographicalidenLiiedboundariesother permanent e ss for strataprocin tLhe bouindary delineation can be usedwhich long historyWith Pakistan's
and primary sampling units.blocks trust thewe can

and land ownershl) systems, 1of irrigation ite imagery will. p ay a 
map boundaries. 'Th'e satel

topogratphical aAs an example,use changes.
hey roll in the detect ion of iand theand coiompared against

was rev.iewcdsatell i te, image we i den
was ioted on the imatp, while

rimp. A forestto pograiphical The imagerySPOT imngery.
area as barren soil on the

tiried the 
topographicali map was pub

change since the
has shown a land use 


lished.
 

as being differenit from the United 
item noted aboveThe second As nioted, Pakistan will 

the type of satellite imagery.States was to the 
20 square meter resolution compared 

use SPOT Imagery with 
used in the United States. The 

30 square meter LAN)SAT imagery 
give the person

reso luti on will 
SPOT imagery's increased in

as coiptared to IANI)SATF. This 
informationstratifying more do a betterstratifyingwi.l1l enable the person

creased resolution resulting in a
of cultivation,the intensityjob identifying 


more efficient frame.
sLatistically 
processthe ASF coinstructi.onthe changes in

This brings us to - sams and primarystrata bounidari.
from PHASE I to PIIAS E IT. The 

the frame map withoutoleii. rented on 
pling unit boundaries w.ill, be 

or satellite imagery.
on aerial, photogriphybeing mlarkedfirst strata same as in Phase I for the 

Boundary selection ;ill be the 
theis thatdifferenceprimary sampl.inig units. The

blocks and of the 
be ielied oni heavil,.y for selection 

map willtopographical 
the satelli. te imagery should 

It should be noted that
boundaries. 4he 

for as many boundaries possible. However 
still be reviewed 

as 
of the cor

purpose is identification 
satellite imagery's first 

for the primary sampling units. 
rect strata 

scale of imagery.addressed i.s 
The last point hat needs to be 

is theused? The answershoulod be
What scale of sa tellite imagery 

us im gfeel most comfortable
the StLat istical Orficersscale which three operational

the 1)oint that there are
brings us toThis thie United Statesinresearchedone method beingmethods arid The three

witi the satel].ite imagery.
for workingcurrently 

side by side viewing of the
1) A directoperational methods are: 

frame map is made 
and the frame map. 2) The 

satellite imagery 
on the imagery. Boundaries

and is overlaidinto a transparency to the frame
and latter transferredtransparencyare drawn on the 
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d on Lhe frame map using 
map, :i) The sate L.iLe iiingery i; pi.'ojec t 

have adv.rn
zo . ra111-far scope. LEach of' the Ul ce ,le t.h ds 

if 7.0r 
Each of Lhe Lhree met.hods require .di r

t.ngef(! aid di sadvfauLag(!s. Lhelod bleirig researched displtaysI.IitThemet,F'.rmigery .ale 

and Lr-110 I icat.i oil is coIi)le Led. oil 
igi Ln I datl oil t scr'eSPOT (I 


tue .cr'e'i. 

si(Ie by side viewing i.s Lhe "'Lr;idit iooial." me td of 
'he (Ii rte , 

L ion iid requires .; large1Ca1.00[' jei1liAgI'y 'IS p)0)
finm- conist. 

S i ll+,, 

i, i oinit -lIIe
 
ih'l seco(I Ilmi l.110( of' crea;i rW. ill over a y aid lL 


- d c 1i Icat.,inII L Ie s , t11 ). i .I Ii Id 
I' IiIe 111n1) is tIs(-(I pr i mar i I y fo I 

id ci' e,.s 115iig 1708(1 011t 
teI c iiliiary sami i rw( in i L hoi 

5,Mll , 1'r)i 
uses sc;al s of' 1:100,00(00 ind 1:25(0,000. 

c"untylity limps. TIli. meolod 
Ila,.el'Y i. lS(!d grids shoul Ie 

I : 25) ,000 or 1:100,000 "ca i hlia 
-esk thI eIf 

a iilr )g"ry t.o II 11t' (e 
(ll,,lI nld aL tHw scale of Itlle .9IL lit r, 

gc pres-,>m Iayflllp.a Iti)i i
akny i, a

iVII.LL d .1:A IId il 
fillulll I. ofr C It. 

Ulli I as -sigried ) Lte co r
ililiIs Lo Cnsilre the 1)r il.ry sa if>i un is 

or st.raLa 
can )e ied duriig del iiwatio.iil

Thif' ?,+ illtrantls r scope 
most. inportannL ad

wi i Ls . Oine o " Lhe 
h-all ks rind pr1ilgiry .ainil i ri to .acaurtell.ly
vanlaigos. oif' tne 7,O1 t;atist fo ope is Lhe ab i I i Ly 

z-o- tHM
1 . frame mnap."1liCeItii tet 'l.-RH .S

i'ICord climniges di irect.] inIll ) C,c iangesillinge ollt t.Ui 
r"i, st20)pc pi0),jll.s Itle .1Ite'l.li i 1! 

. (1 be pl (c('(l ac ur'tel.y (inLo 
,() r ".,o q , i t-113 , +wUet.+ cal 

't eIv 
l - 5,-1ql e illUit.s,r'i llLs for prt'illlr. 'ya IiI.111' in10) ('11511, ' iri lgn ie(.t. i 

a tleasthe prl'oh
lli. 1. O[" It'illary . ng uitll f

Not c.i(,, the Ilesl 

\ifl \lS Lh.is,-, ailffect
1r) ui1ii' y ,-(n 0111 id 

LieS of t,1e f.'PAIll , 
111i I i t.y a jgii.ll t o t.he 1 I iltl 

t.I Li cal. I)ropC
t.h , s 


Revie (of, SPOT Ilmagery 

Gener'n I 

i.li Llie sLa ndard false colors . lle 
The SPOT i iags a are pri.ii ted 

andin g roei,"l. band 2 prin ted.c] , is
SPOT b1(lind l is5 prinL ed iii for showiing roads aidtd,i i r d Ban<J 2 i besthlniil , is pi i 


it r'a-t, betlwee vegetLted

hit" so i I. Band 2 hei ght.enis te' cont. anid 

iand hc oh i's 
ire as . Barid *3 is L e near-ill F lred 

noti-vegetlit.ed 1 
,3 helpse uvatl. Lot, matter
iia la 


prin Led ill red. 'Thi'is hndi , band 
r rol o l. IL iepa1'ltL;s wa L r bodies 

vigor or v gel,.et
(iliiit, i l.y find 
road detect ion 

1t is tot its ef['ect. iye as band 2 f'o"
vegetlt. ion. 

iThecolorlf
tie illringe soud be kept. il mind. 
Several it, in. bouL e n 

of two dil''erent compol ts 
toliS i i ecac.i im.iage nre made up 


3
 

http:noti-vegetlit.ed


JIINC SPOT IMlAG Y'lR"FRAME CONSTRUCTIONTIT\ I NG I)OcU'NIBlT FOIl AREA 
:10 Novemlir', 1989 

Lehr e d 	irff'reiL bands.
Lhe cnlors'c rea prroduct. or' Lh,:ir I., 

iii l or' bilue11, 	 greeu , h '..t, 

on tolhe negat ives ii'e the: han1d.s are v('ernL .sha(des 
co lor's e oI.Lpri'oduce Lhe col(orI iieo.v IIllet- iai'rlc 

i L o 	 i-s t t. priIl0 ii pr'oce:ss gr'vaL ly
'I'l(! s c,,,oid remmberl(.ii Lh'nI Lhu 

e ; rlletinhl jinge color' lues. ihi.Tis point. 'as broulhit ouL 
af' 'of .-

scevs w4ore 
rees which SoUI)AlL prov id Thle Lwo

rrim t he' LoslL 
s , onl1y 

. Lnn, same1 s ensor) anid samei( iki II, Lh i
Iruin thiii' 5811'1 10 

samiiio .ing. One iminagoiss a mosL i lilpos
di I [' ere I ri )'i ni o ' ir 

L.int or 	Lii 0 500no, wh ilIe 
si o W. work v;i Li heur'nsc or tue blu o 


[Oil hiu :11d was easy L" work o i Li

I he spuotli sreHIi hall the 

any L' hiii- makihe a di.fl'ore "one the sceneii'', r': iiu:ui .is r'an 	 np
or ''ear 	 ( ii 'lr'e lnt. 

. A li .1 o' i L reis w:ouild il:lud e t.im":,:1.tr,, 

- ill S,oil Ln(is ,\ge o'r 	cro 

sull ', va t loins ), ;ulloiit. or 	m In{}u cll' si 1 
( (i'uf)cr I ir' 

.T ''1w'h ha\ o hc'nlesb.en oider'ed Lo i nsIurOedi''V(' i tij lrin 

in~ ih' mnr:<Jmuii gn'owLi s (age. The oLlier i Lois a ie not co11 no

.'ver Iviy do an'f'e(cL 1.Lhe ;ppearance o' the scenl . 
1lalo , howe 

i' tLhe .inagps afrect' Lt!h use
,q Mute'd rlivo I lie rcitilll pr .nLin g 

-

Lie lrini lug

I'm I nv, m id'or iIi.' int.'-, i\l so it shoull(i be noLe.dI thaL 


Sul11) co .sho.l(.1 receive r'edbnck on
 
p il'iS'q 	 is ,qSoii-,'8L of an ar.L. 

arid be appri.sed of any nrecessary
.u,'iirie:s of (Lhe pr. inLstie' uso 
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coLlerLi.'Loll' loires wi Lh as
gray ill lah islaii le L Lhie ohre 

i 1)ppea n a"1 col.or,' cliilor'k:wnoud,
lulinri. shib inglIes ns in U. i 

aid haveshould be black,
Cl nrds 	 nre I'lile. 'lhe rclouds shadows 

http:splra.LL
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next to. I)[sLtatne Com Ito 
ats the cltds they atre

the ,-i ei's,-hn pe 
shoul he similar for ni 1.hidO.
to L.hO W reqpec:t, S-ltOt(.105cl ouds.' LotnhInil elnLtoitii ion I'or 

cl1u1d in hr. slnt. The s-tlt 1 
The eIjoudsnulheast.in Lice east Lo 

I h" sal] i Le should ho 
n UthePt L4O.noilh-esL side or' Lhe 

loc lledoSl O'',s stould 1)e 
they should nppenr

int ident i f'yi g clouds,
Iit"!d. He ,.reio tlly 

( sal i Ile ) soi I areassal Led ounISIII ci111 Lo Lhe 

HAEll SOIlS
 
.
 .
s of reen, g, l
 . ntlc:


"n ry g'onlY, y 'Theycan be < .);,o I 'o I or-q 
are darke tLlhan dry soils

. Moiist. s, il.5 , (i' K IM
I uit tie i -i 
L n nmore dove lopr, soi ls. The snl Led 

o ['lr b r i ghtLeriln i rc ,,' i s 
- wi Lii a bl ue - gray hue. 

il I ppenr .]ittos L whi tlo
otil. .soil.s 

VEGETiAT I ON 

itt ntert itlu'n r '.d 
vpg ot,Cfl-i~n riericulr,


Aq tO" led (r'1 li,_' gr'outi 'l.. 
e .lr tiott.ot appea's

10(. Iredtit'H, g'owing
p it-ltd iniIhnnd tilt (ich1 is 

ha rd i i (re dense 'and 
b i h lt' h t'el Lhe 

is i-,d. The 

M oitI' vp0 geLnLa ion.
i.iS ) tho 

C(ti.OI? VARIATIONS
 

dt I n Lhe pr1. it Ling
 
i oil L He c(oltI r' 'i tionl 5ls not 

III old i t. 
i ii. Recent'Oi .

r'et rn 
aLio (ii n occurt u d( e LO(11 andcUlo v d t'ker (mois.ter)I nVitdt!5i',;, per 0iod l ill.leri~ e soI. 

rnt'iit'nll s itt nn t"y key wi L.I.io Sinll ic color'l'his tuents 
L't,io it r'edtIt" (gr'eone').v npt'i 


1. 0ll05s,
woi, I f " i 5 {'it' Ii t'ri ' l' -l n , 

i~te a_!'.I I , flati\'(v 

r n
 s are ]ikelLy'ind patL L.e

in e areas lacking obviousVery be siitil ai' 

. Color and Lexltu rC' w ill 
it, Live vegeLaL,tto(Ct. l,' 14i. 1.1usually re'- vOa.l a 

but close ittsp5..O( LiOtt 
otl Lth' ii'.rtl,1-hirottIil 


.,a, i. i) . LiLed nlr)Oetil.'artc' 
 "
 tewi"L 

iotng-, LI'o.ims nlltd 
in lowlarids,;t1"0 ttu
are
A. Qirtt'sitts - lltl'sltOS - A red vegetal ion ql? d ' j..d , Ed. 

rivers . They getieratl+Y l.n 
Lo pr odutce a 

a --Ai t.'k wcatLer sigtta Lurto 
il eld wi tmOrlsitrvi a1 vege LaLiot . Areas wiLii 

r Pel Ior Litin LithaL of' dtry Intd 
dnrh (li. a
ile f'orest.),
t.
rL'ight reLd 

ctntop)y wil b 

detise t.i'ee a 

- -- -
Sa_ _'i-'lt l anrod timin-' ih . gt-ttL'eS .dittol.L . rl -i Lhi deoper' - 4i.Lht ve..y

) be v ery a k 
_.1 Iittidnled (.can,, ttds

1('req nIt my.. 

1i .t,_l red.
 

JOutd lit, /i'o reos Ls . JI. F hoe fou.....ndleltL; r'ailif- r- 'a..1 alres,
tS';~of' suif'nut.I'_r.ic ush_,..'_ aII.Ili Ii Inc_ .et, _11, 

http:tiott.ot
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i of ilmIt s t Iose reaIs 
o T 	 T '1I. 1.n LOel

11) 11111 ln 111 111 L Il S . 

iiii[SS p01 i ])roll S5Ur 'e 'is Jlll)o flt.lI i 
11jsui ucI. f'or" a li..i!.tl 

litrg iIIa] .a il into C.ulLiv to(,ll. 	 III lnorO nrid 
eliltingh to ) r e ss 

are Ii II i Led t o s II- flli v ,y.0 d'here ti;i- I 1iio. S tl1 is 
1-i9o il" fores; i, 

ir%- x Coosy sL Ilnsfou'ol d inI uI e 
nv: i I lt I) I . 1.u 1ci ald is 	 Il I y 

g s o1.est s iII arid 
(I i It c, ;;hsitIor (I feie I Ior) "t.I I e r -i rI ,' 

o)I .io io i ls.lrpe iS liol.s. l I fo I oes .Iqrr'P Ill( fiC' 	 iL 

11 deep r(11 (ill( th) slimlow. 'Iror t..aI ILt ' s. 
l." re".s npl 1)r 

Jt'Oi lli( i lIoO( I fo' est'., ;by; 1I 1V, lie i .it irlliguisiredFvorgro.oil f'(ireI 
of' t~l~ir dI'('iduviotlS I,'1O18 ill 

1nolii gii, I'mr "11r"''li-' (t.lJrllill I ro(1) 
luli i t.ifIholi, tiI 

! ;II'r ililt. , tsl'lO .l I ll-t'S .5ltlels(1 1 ll i'cn] t~lr 

( S III'oL) 1i.11 
,i, t I t).; I I 1 1 l--	 ra:y-b1,' to:I : I' l (1I I ;IV 

o riil (,(ijll , es 
uldelrgO -w llh i q present. (lount iU 

Il,, f I I NOTI," I F (Fvrgl'(,rl 
si i 1.1 Iw s-)lll1r(,(Iouti iIt.. eI ii f.Ir. 

I:nure l, v ic ) , t.Irt' 11I 
s1w| ni L asu'I "lllllle.l red.

llor'ver , i sltr, l1 riOt, liet 

, 	 '
 !j: I IIIn I t ; I , o f t.I. r q !; I )s IoIr11 I 1ii,e :1 II1llt. e tl 1 I;-,I;I8)1)a 

)1)pri ' (5i( gloltih of lito LI'OPS., re', 	 t I.il111 
Shiui' I'l(1l llll' , irse 


i- 111 l. As Ini-ge
1 I i' I', (' 11Mll i'(hol)d(, lr' (,iv


ii 
t-o'- dief. g row 1 1 o f smrrAoilildliUJ~ \Q11"IiL 
 i onl i rcraSes.

~io'I 

li I''I I e's a 10)i, I 1ed 'ppc:1 a f ii 

I, r eu(I Fo r s(.- -.-11 s-ill-- e- I 't-l--
Ex L I-eriIv-drhlIll, iollloirIr, 

tlsI-i n II e (.loiOII.
l" z; i 1)1e l__ C r-p!p-, .	 I 1i1 iIh l,
II e 

iiu I iva t ion. lies;e
t': llre woulo ''lir 14i t.hollt. solli( Iti IT of" 

or' proAlkfe, 'l,it 
I r I's 1I11IV e i 1.r' shader:d( .opq 1h loi (cof rce) , 

I re iiI, i 1 I ' LC.a., (I"ailds 1t
mid-- - Pri v' ( s an I g.-r 5s 5 
a c.1 i11/:: Iori(-;t- I).(l e l ,o 

'. ( i tu 

r, I Iifil 8 '15, i rog iolls hlw 	 ari d for 


il 
 i I i ll viI. I-iit. iol as dark 	 ;s
( r ,.- !4lll (I n I -"() a 1',-,;I -re 	

.'
 
Ph, I. i e l';"usis - silouri IfI un\ e I 

f'or , ts (rll("' to. f'orest. . i8(1'), 


1"ilii i-1,euL ('rol)s su.Ich w; I'lleiat , oals, and
 
:iPP1nl'nii".lw'r, 


)I. i.gl i. I r (11ue tod C 1)ps wi I I lie 
iC~l'lI Ice ('Ill It.i vI L 	 id iII (-e L.o i.lI;I I f,,A.-bmuri1 'y :n trr~ i Y.r it"111A illl Ilid( 1)os . i ( 


11q l" q(i). i Il LI T.o s(lIt'l. iltO
e
 
iI.rll im v TI Iey v w ii I
- i 1,y 

1 i ~' Lsomi , iirituiro ed pa11 LIT reI a i Il 
(IIr(i 11"r I'lle Iv 1he p opi 1 

, l. 1)11 fOl j)].n1iLirig , rrii i o ed 1)'Is lurer 
1 (' yaptiI , iii l)li ' la S(' 5.!)(li Il tie .811; ; 	 Iir gv,:i1 1Iia f ill" rirlli'li ll . \'0l 

inI,1, 10 t F.ields r'e1'., i1.iZ .d orl(Ies Ios
Irrin)-vet l ,.I 1t ir e 
k, r f'orage . IIcsep1 ;1l, toir igu I ('d, ,i ( t Ose 1 iled lny r('o ps 	

) . 

14i 1 1. lie a1 hr il ti.("r:ed I.li lii ill ~illrove( 1 sllsLi ii' 
iIllrlro past.11r , 

(d for l o'rage, r'o it in,IV11.y ,ill Tin1 t.i ve' g ' l;Inl . I1111 hiv 	 p18il 

el elll i1.
c l ,i r il011.1(1 have - iTo 

Ilw, ('11i :111d ha l l. l'ly is gree , 1: 


111b f'o1re liaiv r, t ,
iill i ig 5.s irn L11 r 


voge Laition
 
Qeal 	

.i1a l sI'S 1)r 'igh.igh!,-iI' Dunleri , 
1),. Blle i SLn.< - l tl__ n 

(IrI i\' grass,s .o oats (t. .) ; 1w1Ilp-ir' ioL, l.ed broulls arild reds. Iw 
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in these
 
crops are su'ffr icienLLy sa.Lt toleralnt, 1.o grow

cilLivnted 
the ocean wi.I s.upport growth of 

f'urLher in from
nrens. Areas 
mot. tled red brown.)i11(-q, appenriri'g red and 

I I I . CroipJ.-s 

eon be 	 dsLinguislhed
A. lasic Crop vs. Non-C(rop C rops 


'rot !on-crops by the following:
 

fielld patternsareas shows
Fi d PatLLrs__- Cult.'ivated .
 
il. , coipared tIo nat ive vegetation, However, field
 

,:Ixr,, 11y 
mInny 5m1011 	 .fields separated by narrow, 

sizes r'an be deceivingi, 

trails may appear similar Io large fields.
dit. 

Pl iLg 	- A soil sigiinLaure should be l)resenl at least 
Soil
2. 	

ir an annual crop is p1nni, c 
()1('w' dluring the year, 

rild pIrp raI.i on berfore
vi )ibler',om
L l,1h
gi in" l'e he. 

unLi .l.plant~s have emerged

th rough 	 pl anting,
pinin i ugg , 

surnP' i ently to ol)scurc the soil signatur'e. 

di f fe ren t . - Ann ua 1 cro ps have 
3. 	 c.o . DA.._l _pe .i 


they grow, ripen, and are harvest(ed/.

signaitures as 

p leve 1 [Imll lt.II. .Cro( 

from soil
 
M(,s1. nnnuatl crops go through C.ho same 7 stages 

from crop
prrpfl i t ion to harvest . Thie colors for the stages very 

or the plant, cultural
(rop; due to physical chnrnct.eriLs icsto 	

and cli mat ic ,ondi t.ion"s. Also,
prnpLit.ri es, soil 1 ty)pes, llys ical 

for the saie crop in di.Pfer'enleach stage very-ololS ror 
is will.	 rlaeoe

sl(' scel(. How healthy a cropon. t sameIn'at. ioms 
it phymical. ap)Ierta'lnlice, giving a dif'ferenL si gnitu.re 

I
• 


soil and 	native

Poe tors which hi'fec'L the signatures ofThose 

in different
the s ignatures u" cropsvge t.l,ion can also very 


slages o" their developlmen1t.
 

These 7 	sLtages a'e: 

Field work in prnpnr'aLon for plant.ing resultts in 
1. owin g -. 

be moisture than
 
R, dairk soil signature. Freshly plowed soil will 


the sun for several days. post
has been 	exposed Itosohi i ch 

are plowed somelime hW Pore planting.fields 


The plian t i s beginning to emerge from the 
2. 	 Iee-:iurgc.!" 

pAL4ns 	 !IL i.. but lghter
soil.-The appearance is.L 

The plant has no. developed enough

thnn thia L of fresh plow ing. 


the soil. si gnature.
leaves to obscure 


7 
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- The plnLs nre now getLing Laller, srread ing
3 F..ler-gence 

oil alid llant signat ures, The 
oit The result. is a mixture 

As leaves Pread out a 
color is usual.y a pilk or Lan. 	 into 

oi1 s1.gnaLure will d i saIppear.
nllopy over the soil, tle 

g plantLs reflIct.I pitoLo-inflr'ared
'1. Grow-in4g - aIt.0hy, row i 

Lheii r PiellO The brigjILr when InAl I cr'ops l'e SOMlilCf 
e due to 1ow,.s Inl Color erill i 

rod-, ie common Var i at.,iomsiL 	
ted.) health 

spci itg, cropi eight, (slhndows r.ause x dar'ker 	 o1I 

tHIP p1anlt., ra i it I .] , eLt. 

g row hLIbeg is Lo decrease,.Some- As c rops r i pIlen,5. !_ilirig. 
oe ile i1r veq ; res iltlow LI.~s o ii d r o p 1 e the 

add i Li OI,, t,Lhe dead leaves
C.l'(_).P~ 2'L) tS e_ _'i 

hi)---'.i a e.crea se 	 Lit tile red lII 
11 - lla y becomeiaut"e ma a I soI Inob( I bIri glt tl1.I 'oI l or ad I) i i 

red color 
vi! 1)1 f. lga inl. A I!olt I. le rl))e alralce develo) a.s tihe 

14 1] vary hepleninll Oil Lhe
(1m'ri(iLqos . 'lTho 	 ri'pe crop - iguia tlre 


an1d t.h e oulii it,of .oi.l. shownl 1 g.

iinde lyi i g soi I 

l rP lpe Lhe _ 1 - WII I Il Il cro1) is Sq 1t. ll Ilf deal in 

G 
U 
. 
I( , 

P!_otI
it. no loniger has a red ignatue . t,i1111 lost, all its
 

. The ap)earance i s 
refI ect,s no thoto-iif'raredglree'n 1elves, nind 


dead .,v qgoei s i nj ,_ .
 
a ml xt.iui'e of' soil and 

or of' the aI'ves t, alnd pos t-har vest 
7Ilrvest,. - TIle co l. 

cult iralI harvest, i fide1al mill tIle local
.i 1iI:l1t re d e[ lit( a great 

i li1Latil to gla.iy or 1_li L e s ign)aturie l result I 
)r:Ict. icvs. A ligt 

lefl strewln over fields it.el 
I stalks or leaves are s Ltilibe nid 

Lti e post. -I crop wi4th a
thi i s a good exailil] e o f 	 Im 

1111 iW\ht.,n 
straw is scatereL 

1 ( ii t.hreJ,U.S. )ocause the
hn estqLorvgvin 

nrc uslial [y a A ighiter color soil It 
the soi. Ill(] the soi Isover 

ril. is IefPt ill 	 Lie ields, 
ii il i ma I inoiittiitL ._. __..lendplaLt mat 


l41 be more dominant..

TlI Ie soil sj1ltt.ures wil5 

I ie.lols iay be replanted wi. th anotlher ctop
A'teL' hrn'vc:qL, 

or" simply left. idle 
to hily o r otelur grounld cover,pl aitLed 

or the sLubble may bi 
lPI.5-L-hnmrv!., sl-;hdbl e may be plowed under, 


by catLL.e,
] ft, st.litiilng Lo be grazed 

I V. Some S ec ii.c CrqOj)_1

for Wheatl",
'I'ie f'o lowing are "Bob Payne's Colors 

A. Whent 

i, 1o0,l n- -o(n 	 (Soil) 

to l1eP!re-Eegece- lghL g~reen 


G.rowJ - DeelLredrei 


8 
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greenffoiOJi.veDendR.pe-JDaih 

LfaiI Lo.._gjuaY1.1rvest..e-d- - -4hi te r IighL_-

hIarves L
r.at.e ifrom suml v cro ps by i Is 

i(',bent. e is.yWi Int 1 i to sep 	
are ideritified during

(d.Le. larLi a I y inrvesLed 1'ields easil.y 

.he hai-vest. wn.o , 

wi Lli vi .<ual 
I . i s rIoL p.oss ihie .o selparaLe wheat from bar.-ely 

1)e very siili1 nr in 
it riI..s i s of ,AkI)SAT. On t.. 4i.I1 al o 

lippen rnice. 

l .cf lS of lhi r"i reJpe L,i vP growing seasonls, wheat (.ill b6 

ring 0,ie year'. Th i S is 
rolrltell 14i Lii soybeans in tHie qatne F i eld du 

(('e r ti, t.lll maSjor. so 'te tfia e r" iBraz1.1 . , In 
. i I g( ea1 .ll Ilie)-rlCc 

su-l bl of tie whent, crop is iot, 
t'l i q area, tihe post. liiirve qt 


tie hi r'v,':P .. .Oyi)'Tils arn ) lL(ed d recL Iy

pl orJml 1irlor" l'fl.er 

wheat .stLraw 	 is stilL on 
ijut , t.lw whei t. .A;lilbhle. SIice somie dead 	

ias.ig .oi. 	 -uremay iot appearLhe signatl.h f li:lds (til g pl a irl I 

(ilrh .ls lould Ihe xpect.e(. 

"Ire !rojiln on bushy pilnit's. The b.ans 
er-lS SoybernsB. Sp y 

grown ill llrger.,f'rom tihe plant.. They att'
foitiil ill po s inilil 

f ie 1d .lite l .ho.;se of lieaL . Soybeniris; are llarvesl.ed by
fintter 
c oill 1.)i 1ie . 

I ite I,I ose of whe(at., 
- CCo-rn.tO.l r I uilres are l]so Il1|chC . Corl 

Lhan soy piartILs,pl anLs are1rd of so .reyvrils. Because cori 
g'ow ingseasoR"uarkier r'edduring-JLethe .qhInrol4Sq 	g ive Corn a 

_ subbbe e isgfor' co l-' can var . 1 sh Luu dPostt-IlresL . igiltLu.... r es p!o-t.-hu~rveSt_ sg~tu' should be a soilre fo~e 	 L ignLurg(thIiPI i e.aefor 
-graz	 rthe 

If Ltie s Lubbic, is left. in _ Llie __field for i l g
sigrnt Lure. 	 Lhat_ moreign~aure 14i.1[ be g.i , _ getihirig progressi'V) like 

s Luble i's eitLe. Lookinig aL haves 
of itsoil. sig iaturcc as Lire 


dnlt.e. .iny help ideniLif'y corrl.
 

wat.er For irtigntLon Lo flood tLe 
1). Rice -Rice requires Fresh 


he (or terraced) to hold the water. Good
 
fields. Fields.Ii-SL FlaL 

rg season. 	 Flooded 
gr uLth rehluire iigh rnLelperalire-S in Lhe growing 


dra irned be[ore harves'.
fields tire 


e me rg erie e
 
lice f_ els 	 3houl.d a i ear dark t --e. . i r e 

from WaLer wil LI be subdued heqn a canop1y of rice 
i)nrh.. signgaLures 

fields are drained beforewaLer. As Lire floodedp.i auLs covers_ L.e 

9 
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, ci'Ol gria u.
har' e(Mu., p1ln!rt.. hsi I.rnke n I.y C1i __ ri po-tile l.il 


rl .----- - . it r-harv. . s i g 11, 1 	 1i I so 1)e"l~c'nan.........1 1Ve.r v . ti I.i. . ...---.. iI... .i.. ... es..I. -- itI.es can 


c:, I.~tI!d . 

.I .mnI 1 Isi.ze . Of :IiI 
- l c (,o is 1 iliIitLo to 	 'ie] ( 

. b.'ICc( 

.l Ied :1 10145 , sit il1 1 row,, Jn addi L i oil ,


95llml 
In .Iifig s . v ilp. i ll <(i r ' ro)s ii I1ihein. fi (- I dlS, 9 

Iolm 2'() (;il ri 1-o I if :I II o 	 ti 
e 


t1i 1I I)e i ot. L-ed _ .ppeari . l-ue cU-ld arnd 
.'me i, 1d . 'lir re' ll I L 

(11 tI lIe(itVi ! 	 ci i rig .1en v es 
un iw); 1r''c are1 : I L ( (1Ciga r':. pe 

Ithey ri peln. 'I'h . 1.0ed -gro'i g 	 s.sig ature scir lI (I 
ill ividual ly a 

ptci taI are -. _ 
. ._ni ai LI.e_ ln.n v Is in ci" idua . 1y r ipen 	 l-i llr-cO fai :Le r 

, 
s 
h. ted ('111.1 i rig La and rem rovi( 	 ijrve, by III c'() lire r' tba<c, a 

tarve . 1_ a soi. sigliaLure,ir I' CIn ve.S a 1. (,n,-e, Pos L.- . sIo4 

dead vege tation covering tle soi 1..


si f tIIee norIe is 

1l a It. depe (. )oioi LhIee c-i ma ,eF. 	 c) t.Jt.oti - 'lir -i ze of c o, ori 

p ant.s grow inLo I arge bushes . AL 
lif t.op i cal corld i.ioin , cot.Lonr 

the 1)1 1 Ats are inichI of tlle Co 1t.on Be ILI lf(' i I'.h.ielr ei,. 

si I I rI 

. . - ilal ifalls , 1 I l 0 tl r br'oad l (-,%I'
ill Oi c r rrT_.cfo___L_ 

I i he t.iiI, ( fr co ffee gro i
i. .n. ins 

(v r'fr l t.o'v.. I 'r'cp5 i 11 n 	)en r much 

(I i eXIII-C! ;Iur'e liorrogeiwoliS (, orf 	 andshide. An . Itrernel yirirlt!r 

Li vaion , ras rioLive veget.nt. ion sonreei 

inot.Llid alpprrir'nt ce. I. 
r I Iv nl enIt.e o fo'rr of' cu 

Sucir trCe Crop wo Id be 
-nli!d Iira yv a more 


vor'y di Fri(ult, I separteroirit r onrr alo Lirer "
 

inlil cit rs c ir'1l.1rid Orch.r.uq
Jt. my be r-ipiie tbo I ocalI.e dec mis 


f grass is plaillehd i..ewr'r rows of
 
by Il king fol- rows otree. 


s so i pinkt si giraLii res
sir l. I i.11.n r,oeIr
I [i-e i14ei t ht 	 s 
ws Lhe 

' nlf less I. ees appean'irig as danrke spot's in r'oa ili 

S14Ilir 


) itiltrk
ieI ds
 

V. 01 BeingAn .. aI._L
 

A. 'l l it .. ie an ana yJst. M(ake others youUhinkknow whiat
 

yo I . _ I I- .- bo1u t__.
'r _L a__t 


Lhink about what those

WIrei trying I..o identify land use, 


Lhe caropy over the
 g roirlid. Hiow dense is

on'lo pq look like Onl tle 


rows? Consider fact,ors
 
grollid? Is 1.e soil. visible het.wei 


Ire ,y )ic;l si.ga Lures for .lic di ffe rent s La es
 
ir ii1h nay a 1 te r 


as 	 S uch 
. (a t-Lror as ili aurill..ary daLa possible.

ior lire crop 


dnIl.n slould inc itde'
 

Lie crops ire p1 arnted arnd
 
- CI Lu ra 1. 1i for'lnrortalon orii 	how 

ted,
hiii'v es .


c'o)paS re pVt'Ow n 
- CourLiLr'y crop daL taellinrg 	how much| of wricii 
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tO
 

http:veget.nt


IMAGERYFOR AREA FRAME CONSTRUCTION USING SPOT
TRAINING DOCUMENT 

30 November, 1989 

ini rin nrea. 

of
Crop cal endar showing Lhe planting and latvesLing dates 

-

aill cr-ops in the, friea. 

la. for thle dates of sc.'iines being sthdied.
(Cnctril cilinatic as

which way to slhift the crop calendar dates 
"This will, tell i5ou 

I o.n I wenlthe r.n resu It, of 

showing general elevatiow. and relief.
Topogiraphic" data 

small villages on
sign tt.ures of Len appear asusipeotnd "soi 1" 


The satellite imagery wil.1 help you ident ify

tclpographical ninps. 

chilligeq ill the t.opographical maps.
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IN Ai"., r1II". I I\IG FRAM1EJITIO FS
SI RAiA DEF.1 IlIN I N FAK I S 

In Lentrsiv,e ('ir . u] Li.u.ru 60 Lu 1.-00% Lulivated.i:SI tAIUH 

This st r'a'tun s la] d.n:1udare as, whic:I ar' 6() to 

100% c:ulLivaLd aL any Lime f Lurin LIhi year. Thi 
be I. square .
I .ci:-nJk ,,,u. 

:S] ncmtor . Dre'lier aLi oin ainl shi1ading wil. be in 
minimum hl]o .:: u r Lrl d 11 

,7% Cu].tivaLed-IRMiY1LIII 20 Et: ensive. A cu.:I. Lure .C to 

lis s taLum inc.1ludIes lard( earn; wi:h are 3U t.o 

5.% rul Lud. J cuilr 3 ).and1 LI:L in L:L1t ivaLte.d aL 

any time. dur ingc;thllie. year. II. mi nium size I .ki 

deli neatLed w~ill he 2 sqcuare M:i.ulin L rs Deineia

ti on and shilad.inqC u.1 be i n [YL'(.L!. F.. 

1 L: 29. .i 1.Li.v AL rd , andL/ r l a:; .S I R 1ilH 3 1. 

an 'i ,-s wii ich are I toThis st-ratum in -udc .ard w 

c:ulLiva:tni,. .tinclude larnd thliaL is cultivated297. 
aL. any to . :i Lhe year. This tl-atun a]soi- . in--Lim diuiir 


o a.ing n.dn. The iIi lilmLllc:ludes pasLur )rgr n 

bloc i ::ze: is s ar .r i:.r , on.e l os: Deine ,ai. 

arid sh adingr wi.]ll be ir tPalEI. 

S IrRi1U' ::.. R ver I:ir cld 

i Li lthie'Thi:c s WraLum .s ]land aiina wi1-re waLer

over t:i me. hir;c:i.ir.se. of Lhe ri-ver has c:hanged 

..rea of land is iubjecr::t to -luI :ond ir o. rhe s rlt.r.urn 

sail1 Fi. Li:rns ar. c:1.early dl] sti nct from the 

srou dr c, whein L)i satel.lit.te imini ari:a vie,.wed L.the 

agier y UFLII n ai n rrr~i L s preinsent an both1.0ankmen 

i 

scuare I.i 1. muL.metur s. elinenal:icN is..in .F_-I.lE and 

shadi niq is 5.in P)-Fdi E:LL. 

side. cf I:hi ,.rLtaLL . ]hnl miimumli lock size is 6 

Land NotC Suitable for :uLivat.i niror- PastureSTRAIUML 41 


lhis slraLtm inl:]'Irns areaq wli:h are iot su. table 

for agr ic:uil tnur, or sLi h as ceserts, highpasiu, uc 

miint a i r lW.U. oii a - tsnM . an1 escar pmn , 
areas. Theglaciers, or any other totally barren 


mini r'n m b 1.ockI siz.e i s 2 squiar-e i ,i lmete rs.
 

Del. in.ei aLion atind shiadi rig will hr- inl JN 

http:satel.lit.te
http:c:i.ir.se


cl 

SfRATUM 42 I-and Reserved for National Security 

This st iratum i nr 1udr'q areas whi ch have been 

for EcLcri ty purpose-s that - includereserved bor-der areas,mil.itar'y insa].]ations, restricted 

is prohibitrdor any otIher aireas where sampFl irg 
rs.

The mi i ii t.un size. bo.o(:l: is 2 siIua I'e .1.i omee: 

be,Delinealion wi.l, be in PRiI._L.. , a-ncid shading will 

SIRArUII 51 Ur-ban A-rpas; 

This slLr t.um incl1udes city cend1-tie'rs, commiera l i . 

center;s, i i c e i:olexp1es aid other urban areas 

where no agcricul ture or l iv'estouk is (,,pec •ed. 

rhe mi ni bi.mlock size wi he 2i square 

k1ilonmeLer. DelineaLion a.nd shadin will be in 

PLRIEN. 

SI r [ii<I 52 Vill ges ,and (Ltih r (gri -raJr a a e ,s 

This shlr-Ltunit i.ntr urban areas thliat may Ihave 

-iIgr i u LI irp or i \prenc:lti Ul Oil . Al so ir'clbided' 

in thLU -- pe.r ti:me1:ter , r' ci C .t .I'c..or ::.i:.i.air o scti].a;ti ,l !-q-

anfil concoI ra ionri:;o F Len or ',lwe' r- denic:e tw.lch 

riiy not Uo ass;cX I.oi t it.h a :vi .I la1.e. Iie mii iimum 

bl. si ze is-. 0.2 sq u e M umiiclI.,::,L or. D)elineLatiii 

wi i11 h" I-.F..,i an (.1 s h adi nq wi .1..1. -)Io in UiV hI E. 

HIIRMUII 61 Forests;or Concnrrlt.ratioris of Large roes; 

T-hlis st:ratum inc].udes Forests, wonds, or any 

ottedr larg t-rlceLr ations of Lrets. or tibieor. 

Orchards ar e ec:::luded. The nm ini ln hi oc: s i ze 

will be . srel r I l:i.ometers, l. e ineat-ion wi.l be 

in qFg_[.E, anid sla;iding will be in YELLJ. 

SIhniLUM 62 Orchards 
Crops 

or OLler- ConcernLrLations of Tree Blrown 

lis sLratum i ncludes land occupied by orchar'ds 

where treei grown fr-uit or nut.s are produced. Tim

ber plan tations , ioild be em:cl. tded. The mirnimum 

block s.ze, will he 1 square ki.ometer. Delinea-

Lion will :ho inri .EEN and slha':tding will be in 

. GIH it . T 

2o 



STRATUM 70 Water
 

of water which is
This stratum includes any body 

-4s laes,completely surrounded by land. Such 
rivers will be inrIuded, but

reservoirs. Large 
The mini mumbe ezcludEcl.smal ler streams will 

size will be 1 square kilometer. Dplinea
block 

Lion and shading will be in IJLUI.
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