
AGRICULTURAL DATA COLLECTION PROJECT
 
ASSP/USAID
 

SURVEY DESIGN FOR BALOCHISTAN PROVINCE
 
MAY 31 - JUNE 20, 1991
 

By
 

Paul W. Cook
 
Mathematical Statistician
 

Remote Sensing Section
 
National Agricultural Statistics Services
 

USDA, WASHINGTON, D.C.
 



June 20, 1.991 

TRIP REPORT : lakistan Arj riucllura1 )a tla O].1ection Project 

DATES: ay 31. - June 20, 1991 

TRAVELER: 	 Paul W. Cook, Hathiitmatical Statistician
 
Remote Sensing Section
 
Survey Research Brancl
 
Appli.catiCons and Resnarch Division
 

SUBJECT: Survey l)es.Ign for Ba].uch.i.stan Province, Pakistan 

Purpose of 	the Trip:
 

To recommend a sample size for Ba .tch i.stan Province consistent with 
the sample needed for all. of Pakistan and to examin- the area 
sampi tng frame developed for Ba]uch.stall. 

Preparations for setting the sample allocation: 

Before setti ng the sampF.e s. ze for Ba.1uchL.i stant Prov ince, 
information oin thie atlir: : ll(:1e )royvil ces (Puii a b , Sindh, HWIFP) was 
necessary to obtain estLina Les for the populiationi totals (ITll 
segment.s) wi. L in the straLa ol a natiionwide leve.]. to dotermilr. if 
the proposed rawinipl.e size for latlucliistan w;a.. consistent withli tLhat 
for t~llo lati.on. Al. thoirli cu r nt: yo r dat'a were not: ava ilal].e, 
data fr-om the. aqrvicul t:mura cei-'w; for 1.987- 1988 provided ho. ptui 1. 
iJforlla Ltion oil the amot: o 7.cul.1: iv Cod .tatid within the di st ri.cts 
for each province. D)Ove.loIiiclit of timated popul.at .o totals-Ifor 
each prov.ince p(oceeded wi.tLh tle use of those diata. 

Ev.idelcei.om ealier r.at,I. fi cati of fort:s (usI ing aerili I photos) 
in four districts of tie Pu njnat) and itiree di.stri.cCs of the Sindlh 
Prov.iL ce s sl .. that r;mna 	 ofF t- I and' l a .1. propolO7Ci.ojn nn--cul i.vaLed 
would become a part o s..ta .0, 2(), lid 31 (see Trai ilg I)oclmllonlt 

for Area Frame Constuct i.on us.i.nq .1; Inagery for strata11. 
defi nitions, segment s.izes, and procedu res fo.1lowed). ThIerfore, 
to de:erminne an average amount of cui.t.ivatabI.e waste on a provi.nice 
I.evei. that i.glit be added to the thLro ag rJ.i.ul,Cure strata, )a1.redA 
-LestCs betwcen total (u I L i.va (.l 11a 1d and total cu.1 tivated taiid 

inclucding cultivat)t/ wa;to foi 0..]. di.st:i(ts .i.n the Punjab and 
Si.ndh P) V 0 ) by s .incev. er(2 run tidldi.vdiaI1.1.y proVince. the 
carlier strat.i.ficati on la(.I added very I i.1L:le cii.1 tivatahle war;tCe C-o 
each rlil: :-Lct, a 95% leflI s-ided confidr, ice i Lerval,calcula f.aolt[om 
the t-tesC meali and st:a:,iLar-d deviat oll provided aln estinated val.no 
for tle ion-cu..t.vatal.l.e wasLe Lia m.iglt be excluded dur i ig thie 
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stratification process for the remaining di.st:icts in each of the 
two provinres. 

These estimates of percncage of land area with each strakm, from 
he ear[ier stratification of three districts for the .Sindlh and 

four districts for the Pinjab Provincen, made possible an est-[mated 
allocation of sample segment.s for tlse two provinees. HVWIP 
Province was an unknown boause strat i fication work had not: yet 
started there. As an approximation to wlat might be found duing 
the strn':i ficaLion work, the bi:cakdu,:n or 1a1loch1st:'an was adjuiisted 
to provide an estimate for thie strata in IIWFP. That: permitted the
 
development of an esti.mat.ed sampi- r, al. loca: ion for the nat [ona.1. 
Ievel. Since much of the needed ( realI) data will, not be ava..ablte 
until the stratification of Paki.staLn .i.s complete and survey data 
are available, the sample allocation at the national level is 
recognized as not being precise. Hlowevor-, the sample al. ocaLiin at
the nati onal .eve. did al I ow all evi iial.ui on er tte app-ox i ?ate 

degree of precision provided by a sample size of 4,000 segmnlts as 
proposed earlier by the FIS. The attached Appendi.x A priovido 
these preliminary samp.e sizes nh a stratum level.. 

Review of the Area Sampling Frame at the FfS ADC Cell:
 

My eva].uation of the area sampl ing frame construction started on 
Monday, June 3, wi.Lh an overview of tie operations and methods used 
by the ASF SecLion in stratifying the land. Their pr.incipls of 
operation cl ose ly fol I owed thiose rIul.es anid )procedur-esp-resented in 
the paper AREA FRAME lES IN F(jR AGRICULTIJlAI, SURVEYS by J.imu Cotter 
and Jack HeaJon of the National AgricoliLoyal. Statisti.cs ServJce 
(PASS) . My eva .1leltin of the SPUP imagery corresponding to thi, 
area frame maps and tihe d i.t: i zed irimarz-y sampl ing units confi illed 
that they had cl.osely adlhered to those gu.idelines as given 1in pages 
8-24 olf tihe above refereoned report. The onIl y deviation in tLhese 
procedulres was that tie cont units for Poclh distri.ct wer: e orde red 
as a serpellLi ne across sitrata on each Lopographical map ratlher thaln 
th usual. ordering witlh i-n district (county iii the US)1. This 
change in procedure required the or:derinrg of tie topograplical. maps 
within the districts in a serpentine manner to create the 
.eographiic samp].ing units. Kha]..id proposed this method of ordering 
the count units. 

1. 	 The ASF Section explained that tIe reason for this change
 

.iln the procedures usua1.ly used in area frame construction
 
was that district bouildaries were often d.i.f ficult t.o deter­
mine on the topographical. maps. Additional.ly, separate 
work teams often needed to work on morie tlhan one topograp­
hical, map at one time. This chanige made tLese uses of tihe 
maps 	possible.
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Mark Harris and Jack Nealon with IASS agreed that th.i.s method was
 
a reasonable way to do the ordering in phone conversations on 
Sunday, June 16. The procedures section that concludes this report 
gives more deta.l on thfeir comments. 

Khalid ih-dhmud, Chief or the AI)C CoI.1I Area Samplilg Frame (AS F) 
Section, instructed Iftikhar Cheema, who i.s in charge of the 
stratification of Baluch istan Provinoce, to assist me in anl anl ysis 
of tlie stratification work. My request was to review at least one 
SPOT scene for each of the diistricts in Ba]luchistan. 

My work on examination of ASF consi uction for Baluchistan Province 
continued on Tuesday and Wednesday, June 4 and 5. During this 
time, 1 examined SPOT scenes withl their corresponding strata maps 
from each of 12 districts (Quetta, Pishin, Nasirabad, Turbat, 
Chagai., Ka l.at, [orali, Panjgur, Kachhi , lluizdar, Gwadar, and Zhob). 
ecause of the niearly 200 SPOT scenes and 600 topographica! maps 

that: cover al.l of 13aluch istan, .he Ilimi ted time of the TIDY was 
sufficient to examine onl.y a vrepreceitn a ive sample of thie scenes 
used. By evaluating the stratifications for these 12 images, I 
gained a better understanding of the enormous range of terrain 
features thtat occur in Ptluchi~stani. 'lhis understanding helped me 
reach a better appreci.ation of :le work that had been done anrd tile 
li itat ioins imposed by the oiwL var iaLi on in topography w i thi] n the 
Province. 

My overall impression was Lhat the stratif.icat:.ion work was of very 
high qual ity. The six teams of Statist.i.cal. Assistants, each headed 
by a stat.istical Of ficer, had taken great care in delineating the 
strata. The rugqled terrain of much of Hal.uchistan Province had at 
timos simpl ified the opraL:ions (moutt;ains at high altitudes we:e 
quite clearly St:ratum 41.) whitle in ot:her places, where orchards; or 
ot~e'r agricul ture ;ptpearvd in mouil:a iii vI I I cyr,, delineation of tihe 
strata was much more di. f :i.cu .lt and time consuming. Some areasl that 
had appeared to have agriculture according to an examination of the 
SPOT scenes, requi red field eva.uations tlat showed many areas to 
have only wild grasses'or shrubs wi.t:h no current agricultural use. 
Whether suCh a 1-ea s co Ld be ,11ed in the future for raising 
livestock was not clear. Bob Addison and members of the F13 spent
"',Ayy 20 days ini the all of 1990 doing field observations Wh 
evaluate the accuracy of oL;ervat.i.oiis fCrom the SPOT imagery. 

Although the stra t.i fi.cation work was quite wel l donte, my 
examination of tihe imagery did suggestLth l there were some areas 
of Stratum 41. tial had potential ,r a'.; 'icu].ture whereas othler 
regions, pa rticu.ar.y lb :gh mouLaIns and sandy dese rts, woul.d 
never support agricul tu re. S inc:e Stratum 41 in Ba luchistan 
c-nsists of an estimated 66 % of thte country's entire wasteland 
(non-aqricu].tural) area and 88 1 of a.l. lan d area i.n the eiLti,re 
Province, a further breakhown oF Ltl is stratum would be helpful. (see 
Appendix D). This observ,tion dons not mean that stratum 41. was
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stratified incorrectly, because, by definition, land is not 
supposed to be put in stratum 41 unlos a portion of it is 
cultivated at some time during the year. Screening procedures 
should be hW1pful while doing this future breakdown (further 
description of these procedures follow in the next sectiQn) 

Sample Allocation Method:
 

The method of obtaining the sample sizes shown in Appendix 13 is 
outlined on pages 21-24 of AREA FRAME PROBABILITIES SAMPLES, PIADIC 
Information Management Series published by Instituto InterAmericano 
De Cooperation Para La Agricultura. The approach suggested by 
Deming (1960) for estimating variances based on the sample unit 
distribution curve was the techiniqur? employed in estimating the 
sample segmnemit varlances. Mark la rrs of IIASS, in his TI)Y Trip 
Report, dated October 21., 1987, explaimed iln some detail, the 
justification for his use of -elected values of these constants 
when he selected the sample size for Shleikhupura District of the 
Punjab Province. Tarclot segment sizes for strata 10 and 20 have 
chai., ( to 0.20 sq km because the sample segment sizes have been 
reduced to 0.20 sq Im from 0.25 sq km to avoid fractions. 

Because of tihe large number of segments in stratum 41 for the 
Baluchistan and NWFP Provinces, the largest va]ue for crops 
expected to be found ill those segmenLs was taken to be 0.)li sq km. 
instead of 0.43 sq km as proposed by Mark Harris. lowever, even 
this sma.ll value might inutroduce erors i.n dat a expansion, br-cause 
of the large expansion FIactor for sta tum 41.. Therecfore, with the 
conperat:inn of tihe ADC Cel., t:le cu rrent plan is to allocate only 
12 samples to Stratum 41 (at least: for Baluchistan) t-o pei-mJit a 
great:er sampl ing rate for the otlhe: strata. They will examine the 
SPOT scenes to locate areas of potential agriculture witLhin 
Baluchistan's stratum 41 and wi.l.'L choose the segments according to 
these areas. The enumerators wil 1 ise screen hinj, foriestionnalres 
areas chosen as segments to assess the presence of agriculture and 
report this information back to the F135. This method will. permit 
the breakout of any areas where agriculture may exist within 
Stratum 41. A sample of segments should later be allocated to some 
areas of stratum 41. (where agriculture is possible), but not to the 
truly nonagricultural areas of the stratum. These procedures should 
result from my suggestion for the creati.on of new strata from 
Stratum 41 (see Appendi].x 13) along with the remarks of Ron Fecso, 
Senior Research Statistician for tie JIASS. 

Only two crops, wheat and the combined category of fruits 
(consisting of apples, dates, and citrus fruits) in Bal.uchistan 
appear to have the potential for being estimated at sufficiently 
precise levels to provide CV's near 5%. A.though fruit is grown ill 

strata, orchard mostall .- the stratum 62 cotainus of the 1 r'uit grown 
in the province. Si.,nilarly, wheat is primarily in strata 1.0, 20, 
and 31, but very little is in the other strata. To optimize the 
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sample size for each of the two most easily estimated crops, twooptimal allocations were run using zero ranges in strata where the 
crop under consideration was not prevalent. Thus, sample
allocation for wheat used zer'- for al.]. strata except 10, 20, and
31. The sample allocaLion for fruit used zeros in all but the 51,
52, and 62 strata to male ai a Il.ocat i.on of sa ml e segmen1 s toestimate fruit. The sum of the two f;amp]e sizes was 4.16 (see
Appendix A, wheat fruitBaluchistan and sample allocations for 
details of the number of segments in each stratum). 

Another change for tme fruit stratum 62 in Baluchistan was to set
the range from Deming's formula for stratum 62 at 0.60 instead
0.45 as given by Mark Harris. This change in values came about

of 

from examination of the SPOT scenes thlat suggested that for many of
the fruit segments a much higher proportion of the fruit segments
would contain agriculture. This change meant that a smaller sample
size of segments for stratum 62 should provide lower CV's than if
the range of 0.45 were assumed. Actual segment data will. allow a 
more accurate determination of the population standard devjation
and show if this assessment has been roalistic. 

The ADC Cell will choose a sampl.e of size 12 for stratum 4] after
locating areas of potential agriculture within stratum 41 through
examination of the SPOT imagery and any anc.illary information that
might be available. This small sample of segments will provide a 
means of monitoring any ch,,,..jes in acr.icultural, use for these areas
of stratum 41. The purpose of tie sample is to monitor '.anges inagricuLtural use, to es t of .1nnot ma-e imater; cropland th is 
stratum. Tihe factors stratum soexpansi.ol For 4]. are l.arn tllat
unrealistic est ':ates of cropland present would be most likely if 
these data were expanded.
 

The suggested sampl.e size from the a1 locrti.on formula allottedI only
four samples to each oI strata 5]. and 52. Kha]id Mahmud sugqested
a small increase in tIhe samp.e size for these two strata with smal]
compensating decreases in tile other strata. Because these changes
in sample sizes were smal. and would provide better estimation for 
strata 51 and 52 with 'little corresponding decrease in precision
for the two crops of interest, his suggested sample size was 
adopted (see Table 1). 

Procedures for Sample .-lection and Substrata Development:
 

The only change iln the procedures of stratification, mentioned 
above, was that of ordering each topographical w-rn (contai.ning

llllUmbered a
COUnt unitLS n: iln ,,-rpolmtine w.ithin the mapi), indivi.dal.ly,
 
inl a serpenti.ne 
fashmion wi.hin f[e di.stict. Tm i.s procedur:e wuuild
take the place of carryinmg the oJ:de.ing of count uni.ts across tile 
maps within a district. Altholgll no documentation was available,
Mark Harris, during a ph oe conve-s i.on on June I1 , ag reed with this
solution: ot each di.strict, or'l.r time topo maps in a serpentine 
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fashion. 

Although the effect oi the final estimates from the samples drawn 
from I '.e two possible orderings of the count units was not 
completely clear, a further conversation that day with Jack Nealon 
hrought: the suggentiol or icronI.Is tile saml)le size by 5 % or So 
to a/low for loSs.ile c1 lI-optl:ilmum aI I oc;it: i.on of tlbo sampJi e iII 
creation of the resulting substrata. Unfortunately, costs for 
enumeration in Baluchistan are quite high and a larger sample size 
larger (from 400 to 416 p1s 12 segments in stratum 41) than the ADC 
Cell orginally proposed had a.lready been accepted. Therefor:e, the 
recomne.lation was to make no more increases in the sample size. 

There was limited time available to study the possibl.e orderings of 
the count units. Therefore, adoption of the serpentine ordoring of 
maps was necessary to develop the substrata within the three days 
left to do the procedures. 

A SAS program developed by Mark T.u:is dur.ing an earlier trip 'Trip 
Report dated October 27, 1987) , and subsequently updated, permitted 
development of the substrata and random selection of the samples 
within those substrata. Khlalid Nah"iml prov.ided tie serpentine 
ordering of tihe maps by district. The districts were ordered 
accordi.ng to the cluster aralys.i s by crops (see App-Indix C for a 
description of tile clustering p).ocedurle used) . These orderfiSjS 
permitted creatio.on of the nubs trat:a as desctibed above and tw -by 
the selection of the count unit in which each segment .in the 
selected sample would be found. Tbis i nrorm:ation permitted the ADC 
Cell. to select each segment in tile sample by procedures described 
in thn AREA FRAIE document wri.tten by Ji.m Cotter and Jack Nleal.on as 
mentiolled previously. (See Appendi.x I) ro: the detai.ls of the 
seqment allocation for BaLuclistani 'rovinrce). 
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TABLE I 
FINAL SAMPLE SIZE FOR b,kLUCHISTAN PROVINCE 
CHANGE IN ALLOCATION SUGGESTED BY 

KI IALID MAHMUD 

NEYMAN MODIFIED 
ALLOCATION SAMPLE PLAN 

STRATUM 
10 144 : (1 
20 104 . l00: 

31 96 

41 0 
51 4 1i 

52 4 12. 
01 64 6 

TOTAL 416
 

NOTE: AN ADDI IIONAL 12 SEGMEN IS IN SIRAIUM 41 WILL BE ADDED ATA LATER DATE.
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Appendix A
 

PRELIMINARY SAMPLE SIZES
 

This Appendix pi,"'ett- the tablo.s hoW.Lig the Neyinivi Seeiient
 
Allocation for the nat.oial level and for each of the foul: 
provinces (Baluchistan, NWFP, Punjab, and S.ndh). Each table 
consists of two pages as follows: 

1. 	The first page gives the following information:
 

a. 	 Stratum 
b. 	 Stratum Definition 
c. 	 Target Segment Size (Defined for that stratum 
d. Soqments (The population Nh for that stratum) 
e Range ( The Demi.ng's range value used for that stratum)
f. 	 )istribution ( The assumed type of distribution using 

Deming's theory) 
g. 	Constant ( The constant value for the given distribution
 

to multiply times the range to generate the estimate of
 
the population standard deviation);
 

2. 	The second page gives the additional information as follows:
 

a. 	Stratum (as on the first page)
 
b. 	Segments (as on the first page)
 
c. 	 S (The population standard deviation) 
d. three columns of calculated values needed for Neyman
 

Allocation 
d. 	 The cal.culated samp.l.e sizes in shaded columns for the 

crops examined .in that province or on the nat.ional area. 

The 	assumptions made for estimation of the Doming range values are
 
the same as in Mark Hlarr.is's Trip Report of October 27, 1987 except 
f :."Baluchistan. In Blaluchi.ntan, the fruit stratum, 62, ai ,ared 
to have a higher , concentration of Lruit trees than Mark had 
assumed, so the value for [Baluchis tan Province was 0.60 square km 
as the range. This value made possible the selection of a smat ler 
fruit- sample concentrated on es timation of the frui.t acreage anid a 
separate sample for the est.imati.on of wheat. 'Th'e two sampl.e sizes 
are added together to obtain the full sample size for laluchistan. 
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NATIONAL SAMPLE 

Area Under Wheat (1987-1988) = 7,308,400 Hac. 
Area3 Under Rice "i987-88) = 1,963,000 Hac. 
Area Under Coton (1987-88) = 2,567,800 Hac. 
Area Under Maize (1987-88) = 853,900 Hac. 

(Scurce: Agricultural Statisitics cf Pakistan,-1987-88). 

Stratum Definition 
Target Size 

Kn2. 
Frame 

IJnits Segments Range(h) Dist Ccnst. 

'10 

21) 

1 
41 
51 
52 
61 
62 

Cultivated 60-100% 
Cultivated 30-59% 
Cultivated 1-29% 
Non-Ag 
Urban 
Villages 
Forest 
Orchards 

0.2 
0.2 

0.75 
0.75 

0.1 
0.1 

0.75 

0.75 

1,037,763 
96,005 
65,;148 

668,241 
46,310 
68,803 
10,893 

1,598 

0.2 
0.2 
0.4 

0.01 
0.03 
0.03 
0.01 

0.45 

EQI 
EQI 
TRI 
TRI 
UNI 
UNI 
TRI 

TRI 

0.2 
0.2 

0.24 
0.24 
0.29 
0.29 
0.24 

0.24 

C.V. W(%)= 
C.V. R (%) = 
C.V. C (o,)= 

C.V. M (%) = 

1.17 
4.35 
3.34 

10 
S = CV * TOTAL'AREA 

SNeyman Segment Allocation Procedure 



NATIONAL SAMPLE 

WN= 7,084 Area uncer WH-ATin Sq. Km. 

R = 19630 Area uncer RICE in Sq. Km. 

C = 25678 Area uncer COFCN in Sc. Kn. 

M = 6539 Area uncer MAIZE in Sq. Kn. 

Nh Sh=Const'Range(h) SI<-2 
. . .... 

Nh*Sh 

10 1,037,763 0.-. *.016 :1510.52C0 

20 
1 

96.CC5 
65. -8 

0.04 
0.0S6 

0.C01 
3.C092 3 5 

31840.2CC0 
25C?.CC30 

668.21 0.'02. =.,E-.6 1603.7784 

51 16.310 0.C087 7.59E-05 -'02.5970 

52 68,5C3 0.CC87 7._-25 5-8.5a61 

10,593 0.C024 57E-6 2.14Z2 

62 1.598 0.iC8 0.01154 172.5840 

1eman egmen1Al-e.-. 37.71co57 

Sw 
Sr = 

Sc 
-

.. 

357. 5452 
55.9 

=W 

Vc = 
Vm = 

.w) 

, -

,5= 5,5.2c9 
7291-:5.21 

n(r) = 

n(c) = 
rm= 

00= 

4,051 

4.016 
4,051 

Nh*(Sn"h 
... ... .. . ......-

1E.-:2C3 
15=3.600 
603.1 

E0 

285 
-:86 

. 

2E6 
. ,, 

226 
F-S5-:: 

3.5491 

3.5052 
5.2077 

0.06272 

13.6391 

3C 

13. 

2 

13 

. 

2 

i 

. 

.. 

,: 

2 ... . 

Neyman Segrnent Allocation Procedure 



PUNJAB SAMPLE 

Area Ur'der Wheat (1987-88) = 5.343,800 Hac. 
AreaUnder Rice (1987-88) = 1,035,400 Hac. 
Area Under Ccrz-n (1987-88 = 1.935.600 Hac. 
Area Under Maize (1987-88) =326,700 Hac. 

(Source: Agricultural Statistics of Pakiatan, 1987-88). 

Target Size 
Stratum Definiticn - Km2. 

10 Cultivated 60-100% 0.2 
20 Cultivated 30-59% 0.2 
31 Cultivated 1-29% 0.75 
,;1 Non-Ag 0.75 
51 Urban 0.1 
52 Villaces 0.1 
61 Forest 0.75 
62 Orchards 0.75 

C.V. W (%) = 1.25 
C.V. R (%) = 6 
C.V. C (%) = 3.5 
C.V. M (%) = 20 

Frame 
Units Segments 

654024 

38304 
55443 
8830 

29980 
465 

Range(h) 

0.2 

0.2 
0.4 

0.01 
0.03 
0.03 
0.01 
0.45 

: 

: 

S = 

Dist Const. 

EQI 0.2 

EQI 0.2 
TRI 0.24 
TRI 0.24 
UNI 0.29 
UNI 0.29 
TRI 0.24 
TRI 0.24 

CV *TOTAL AREA
 

Neyman Segment Allocation Procedure 



PUNJAB SAMPLE 

W =53428 Area under WHEAT in Sq. Kn. Sw 2167.975 Vw = .C n(w) = 2.053 
R = 108.54 Area under RICE in Sc. Kn. Sr = 51.24 Vr = 42411 3., n(r) = 2,159 
C = 19356 Area uncer COTTON in Sc. Kn. Sc 577.46 Vc = 458952.052 n(c) = 1.996 
M = 3,67 Area under MAIZE in Sc. Kn. Sz 573.4 Vm = 453467.5 n(m) = 2.020 

.. . .. .. . . .. . . ,. -- .. ...... .... ... . . , .. . . . . . ....... . .. . : . . . .:.............:.... :.<. 

•j,"s:. Rice .cri e 

Stratum Nh Sh=Ccrst'Range(h) Sh 2 Nh-Sh Nh'(Sh 2) . !. 

t0 654024 0.0-4 0.0016 26160.9600 1046.,384 1.772 1 ,- -743 
20 0.04 0.00's6 0.C000 0.000 0 
31 36,C. 0.096 .CC921 5 ,677.1840 CG97 -2 2E2 242 --­

0.C024 5.7-E- 13.0632 0.314 . 
51 8830 0.C087 7. -, 76.8210 0.E663 5 
52 299E0 0.0087 7.,69E-35 260.8260 2.29 92 "3 .17 
61 465 0.0024 9.7=-C6 1.1160 0.0C27 ": 

;- 0.108 0.01166-± O.CCCO 0.COCO "3. . 
- - ----- ---- - -. ---. - ---- - ---- ­ ---- - ----. '- :: 

7S7,C046 ,039.9702 "402.7076 053 2"- 2.: 2. 

Neyman Segment Allocaticn Procedure 
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SINDH SAMPLE 

Area Under Wheat ;987-88) = 1,024,800 Hac. 
Area Under Rice (1987-88) = 721,800 Hac. 
Area Under Cotton (1987-88) = 629,600 Hac. 
Area Under Sugarcane (1987-88) = 207,100 Hac. 

(Source: AgricLturai Statistics of Pakiatan, 1987-88). 

Stratum Definition 
Target Size 

- Kn2. 
Frame 

Units Segments Range(h) Dist Const. 

10 
20 
31 
41 
51 
52 
61 
62 

Cultivated 60-100% 
Cultivated 30-59% 
Cultivated 1-29% 
Non-Ag 
Urban 
Villaces 
Forest 
Orchards 

0.2 
0.2 

0.75 
0.75 

0.1 
0.1 

0.75 
0.75 

330021 
57423 
11762 
54825 
35933 
37C60 
8248 

0.2 
0.2 
0.4 

0.01 
0.03 
0.03 
0.01 
0.45 

: 
: 

EQI 
EQI 
TRI 
TRI 
UNI 
UNI 
TRI 
TRI 

0.2 
0.2 

0.24 
0.24 
0.29 
0.29 
0.24 
0.24 

C.V. W (%) = 
C.V. R (%) = 
C.V. C (%) = 
C.V. S (%) = 

5 
6.9 

8 
24.5 

S = CV * TOTAL AREA 

Neyman Segment Allocation Procedure 



SINCH SAMPLE 

W = 10248 Area under WHEAT in Sq. Km. Sw 512.-' Vw = 2625 ,53.76 t(w) = 1,152 

R = 7218 Area under RICE in Sq. Km. Sr = *8.--2 Vr = 2EC,:45.834 n () = 1,219 
C = 6296 Area under CCTTCN in Sq. Km. Sc .5C3.?. Vc = 25.693,542 n(c = 1,192 

S = 2071 Area uncer SUGARCANE in Sq. Kn. Ss 507.,195 Vr. = 257 '9.56 n(s) = 1,174 

Stratum Nh Sh=ConstR.angeth) Sh"2 Nh-Sh Nh-(Sh 2) . h: . . . I 

10 320021 0.0"1 C.C016 132C0.84C0 528.0236 ,S 9S20 .. 3 ..... 

20 57423 0.04 0.C01 r 2296.9200 91.8768 -S_. . 1-7 
31 11752 0.C96 0.CC9219 1129.1520 IC8.3G86 7-7- ... 

4.1 ,54825 0.C024 5.76E-6 .21.5800 0.3155 -

51 0.0087 7.5 6- 5 312.5171 2.7198 . 22 2..­

523C6 .CC37 7.5E-- -j_5 ~ Z2-24220 2.1051 7322 
61 82e8 0.C02 - 5.7 -E-t- 19.7952 0.0475 " -

62 0.108 0.0116E4 0.0C00 0.00C0 .. 

535.272 17-i326- 7-.1971 ...... 

Ccs:2C = 29 9 , 2.1 G04 

Cost,'Segmnt 

(Rs.) 
Punjab 265 
Sindh 265 

Saiuchistan 795 
NWF? 530 

Neyman Segment Allocation Procedure 



FRUIT SAMPLE USING FBS ESTIMATESS OF ACREAGE 

BALUCHISTAN SAMPLE 

Area Under Wheat 
Area Under Rice 
Area Under Jowar 
Area Under Fruits 

277,000 Hctares 
115,000 hectares 
"46,000Hectares 
46,000 Hectares 

(Source: Agricultural Statistics of Pakiatan, 1987-88). 

Stratum Definition 
Target Size 

Km2. 
Frame 

Units Segments Range(h) Dist Const. 

10 
20 
31 
41 
51 
52 

61 
62 

Cultivated 60-100% 
Cultivated 30-59% 
Cultivated 1-29% 
Non-Ag 
Urban 
Villaces 

Forest 
Orchards 

0.2 
0.2 

0.75 
0.75 

0.1 
0.1 

0.75 
0.75 

26859 
19291 
7691 

4393-18 
1190 
1356 
1677 
1229 

0 
0 
0 
0 

0.03 
0.03 

0 
0.6 

: 
: 

EQI 
EQI 
TRI 
TRI 
UNI 
UNI 
TRI 
TRI 

0.2 
0.2 

0.24 
0.24 
0.29 
0.29 
0.24 
0.24 

C.V. Wheat (,o) = 
C.V. Rice (%) = 

C.V. Jowar (%) = 
C.V. Fruit (%) = 

7.3 
14 

100 
5 

S= CV * TOTAL AREA 

Neyman Segment Allocation Procedure 
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FRUIT SAMPLE USING FES ESTIMATESS OF ACREAGE 

BALUCHISTAN SAMPLE 
Wheat = 

Rice = 
Ccton = 

Fruit = 

2770 Area under WHEAT in Sq. Km. 

1150 Area under RICE in Sq. Km. 
5 Area under COTTCN in Sq. Km. 

460 Area under FRUIT in Sq. Km. 

Sw 
Sr = 
Sc 

Sf = 

202.21 
161 

5 

23 

Vw = 
Vr = 
Vc = 

Vf = 

40888.8841 
259-21 

z 

n(w) 

n(r) 

n(c; 

= 

= 

= 

1 

2 
782 

72 

Wheat Rice Jowar iv-

Stratum Nh Sh=ConstRange(h) Sh^2 Nh'Sh Nh-(Sh-"2) nh nh nh 
. . . .. . . .... .. 

10 
20 

41 
51 
52 
61 
62 

2e859 
19291 
769i 

47-93-13 
1190 
1356 
1677, 
1229 

0 
-0 

0 
0 

0.0087 
0.0087 

0 
0.144 

0 
0 
0 
0 

7.569E-05 
7.569E-05 

0 
0.020736 

0.0000 
0.0000 
0.0000 
0.0000 

10.35K? 
11. 972 
o.c000 

176.9760 

0.0000 
0.0000 
0.0coo 

0.0000 
0.0901 
0.1026 
0.0000 

25845 

0 
0 
0 
0 
0 
0 

0 
1 

0 
0 
0 
0 
0 
0 

0 
1: 

0 

0 
.± 

-6 

0 

" 

.1.1 

a 
. 

4 
., 

a 

49d. 73-1 199.1262 25.6773 1 2 7=2 

Neyman Segment Allocation Procedure 



WHEAT SAMPLE USING FBS ESTIMATES OF CROP ACREAGE 

BALUCHISTAN SAMPLE 

Area Under Wheat 

Area Under Rice 

Area Under Cottcn 

Area Under Fruits 

277,000 Hectares 

115,000 Hectares 

500 Hectares 

46,000 Hectares 

(Scurce: Agricultural Statistics of Pakiatan, 1987-88). 

Stratum Definition 

Tarcet Size 

Km2. 

Frame 

Units Segments Range(h) Dist Const. 

10 

0 

31 

41 

51 

52 

61 

62 

Cultivated 60-i 00% 

Cultivated 0 

Cultivated 1-29% 

Ncn-Ac 

Urcan 

Villages 

Forest 

Orchards 

0.2 

0.2 

0.75 

0.75 

0.1 

0.1 

0.75 

0.75 

26859 

19291 

7691 

439343 

1190 

1356 

1677 

1229 

0.2 

0.2 

0.4 

0 

0 

0 

0 

0 

• 

: 

• 

: 

EQI 

EQI 

TRI 

TRI 

UNI 

UNI 

TRI 

TRI 

0.2 

0.2 

0.24 

0.24 

0.29 

0.29 

0.24 

0.24 

C.V. Wheat (%) 

C.V. Rice (%) 

C.V. Cotton (%) = 

C.V. Fruit (%) = 

5 

12 

100 

100 

S = CV * TOTAL AREA 

Neyman Segment Allocation Procedure 



WHEAT SAMPLE USING FE-S ESTiMATES OF CROP ACREAGE 
Sw 138.85 Vw = 19279.3225 n(w) = 344 

BALUCHISTAN SAMPLE Sr = 138 Vr = 19044 n(r) = 348 

Wheat = 2770 Area under WHEAT in Sq..Km. Sc 5 Vc = 25 n(c) = 39,352 

Rice = 1150 Area under Rice in Sq. Km. Sf = 460 Vm = 211600 n(f) = 32 

Coron = 5 Area under COTTON in So. Km. 

Fruit = 460 Area under FRUIT in Sq. Km. W ~~Rice Jowar Fruit 

Stratum Nh Sh=Const'Range(h) Sh-2 Nh'Sh Nh*(Sh 2) nh nh nh 

10 26859 0.04 0.0016 1074.2600 42.9744 .3' 145 16,359 13 

20 19291 0.04 0.0016 771.6400 30.8656 I... 104 11,750 9 

31 7691 0.096 0.009216 738.3260 70.8803 98' 99 11,243 9 

41 4*934,8 0 0 0.0000 0.C,200 0 0 0 

51 1190 0 0 0.00"oco 0.,L00 0 0 0 

52 1356 0 0 0.0000 0.C000 : 0 0 0 

61 1677 0 0 0.CCO 0.00C0 0 0 0 

62 1229 0 0 0.00 OCO 0.CCCO0. 0 0 0 

498.641 2584.336 144.7203 .::!Kv34::: 348 39.352 32 

Neyman Segment Allocation Procedure 



APPENDIX B
 

Jule 9, .991. 

COMMENTS ON TIE NEED FOR RESTRATIFICATION IN
 
DALUCIISTAN
 

Paul W. Cook 
USIDA
 

Nlational Agriculture Statistics Service
 
Research and Applications Division
 

Comment 1. 

Stratum 41 in Baluchistan Province (and quite probably in NWFP 
Province) contains a very large proportion of the total land within 
the province (see Figure 1). However, in allocating a sample of 
segments on a national level for Pakistan, Figure 2 shows that only 
about 10% of the sample will go to Baluchistan Province since so
 
little of the agricultural land is there. Figure 3 illustrates 
that Baluchistan Province contains over 65% of the estimated 
wasteland in the entire country. Consequently, any agricultural 
land found within Stratum 41 will hiave a very large expansion 
factor. Indeed, for Iltauchistan this expansion factor is nearly 
5,000. A one square km of agricultural land in Stratum 41 would 
expand to nearly 5,000 sq km or 500,000 hectares. Such an estimate 
would clear.y be unacceptable since there are only 1,500,000 
hectares of cropland in al.l of 1a.luchi.stan. 

Comment 2.
 

Restratification of Stratum 41 into the additional strata suggested 
in my report dated June 8, 1991 (part of this appendix) would make 
sampling of the smaller strata that have agricultural potential 
possible, because then the expansion factors for the province would 
be much more reasonable and would not cause such overestimates of 
agricul.ture or livestock. 

Comment 3.
 

Because Baluchistan consists of so much wasteland with such a very 
small portion of Pakistan's agriculture, the estimates of 
agricultural land will have high CV's. 'T'his will not be true in 
the Pun jab and . indh . My recommendation is that before enumei-at.i|ng 
a sample from B1aluchistan Province, that a sample for tile Punjab 
Province (when the frame is ready) be drawn and prepared for 
enumerati.on during the same survey. The CV's and estimates for the 
Punja) Province should be very good and should make the high CV's 
obtaiined from hialuchistai Province of .i.tti.e influence. Thereby, 
the ASF will be given a fair chance to show its value in obtaining 
crop estimates. 

1
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CULTI VATABLE LAND 

PECEITAGE OF 

BeI uch I i an (7. 0 %) 

BY PROVI NCE 

TOIAL 

HWFP (7. 0 %) 

Slndh (29.0%) ' .. 

.-­:::-2::_.:-:-:.-C 

PunaI b (57. 0%) 

Figure 1. Estimated Cultivatable Land Area by Province
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SAMPLE SEGMENT DI STnI BUTI ON BY PROVI NCE 

PERCENTAGE OF TOTAL 

Bal uchl st an (10. 2%) 

NWFP (5. 2%) 

Sl nd ( 3o. ) . . . . . 

Punj ab (54. 1%) 



Wast e Land By Pr ovi nce 

Percent Of Waste Land To Total Waste 

SI ndh (8. 2%) Punj ab (8. 3%) 

/'/ 

NWF P (17. 8%) 

BiagI u c hWIs at n 6e5 7%) 

Figure 3 Estimated Wasteland Percentages by Province 
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June 7, 1991
 

FROM STRATUM 411NEW NON-AGRICULTURAL STRATA FORMED 

Paul W. Cook
 
USDA, HASS, Research and Applications Division
 

Justification:
 

An examination of the area sampling frame in Baluchistan showed to 
me that there are really some chances for agricultural land 
appearing in Stratum 41. To avoid costly sampling of segments 
within much of the often desolate land that appears in Stratum 41, 
I propose that Stratum 41 be divided into new Strata that will 
permit very much reduced sampling of these areas currently in 
Stratum 41. 

New 13Lrata: 

The new strata that I propose are the following: 

Stratum 41: lon-Agricultural Mountains: 

Mountains having no potential for agriculture because of high 
altitudes and no source of water. 

Stratum 43: Mountainous Areas with Agiculture Potential: 

Mountainous Areas having the potential for Agriculture because of 
lower altitudes and the availability of water sources 

Stratum 44: ,onAgricultural Desert Areas: 

Desert Areas with niu potential for agriculture because of poor soil 
and lack of water resodrces.
 

Stratum 45: Desert Areas with Agricultural Potential: 

Desert Areas with good soil having agricultural potential if 

provided with, irrigation canals. 

Stratum 46: Mountainous Wild Grass Areas: 

Mountainous Areas with wild grass or other natural cover with a 
potential for future crop.
 

Developed after phone conversion with Ron Fecso on June 6,
 

1991.
 



Benefits:
 

The addition of these strata for Baluchistan will permit the 
division of the current Stratum 41 into those strata that will need 
no sampling at all, rpec ifica]y, Strata 41. and 44, and those that 
will need only a small sample, specifically, Strata 43, 45, and 46. 

Development of these strata will hel.p in the sampling plan by
permitting more samples to be placed in the agricultural strata. 
By increasing these sample sizes, the CV's of estimated crops will 
be improved. These benefits wi.ll occur in any province where 
Stratum-41 could be divided into these additional strata. There is 
also the possibility that the other provinces might require the 
creation of additional substrata from Stratum 41 to accomplish this 
goal. A examination of the satellite imagery in those areas will 
be needed to determine any such strata. 
The process of determining the areas here further stratification 
work is necessary will not be a difficult one because a very large 
percentage (perhaps as much as 90%) of Stratum 41 will be in tile 
non-agricultural mountains (Stratum 41.) or non-agricultural deserts 
areas (Stratum 44) strata. The restratification effort should 
proceed rather quickly and not require a major effort for 
completion.
 

Sample Allocation:
 

To accomplish the flexibility criterion required by the FBS for 
creating samples at the divisional or district level, the 
divisional strata sizes are needed to develop number of segments by
division. This wi 1. permit the allocation of the sample by
division within Blalu, histan Provinlce. ''lle divisional samples would 
then be proportionally allocated at the district level at a later 
time. This level of stratification would not require the crea.t.ion 
of geographic sampling units. 

Replicated Sampling:
 

The need for replicated sampling comes primarily from the need for 
variance reduction, sample rotation, or for adjusting the sample 
size. The needs of the FBS will determine whether 4, 5, or 10 
replicates are needed. These replicate numbers are the ones most 
easily implemented. 
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APPENDIX C
 

CLUSTER ANALYSIS OF DISTRICTS FOR DISTRICT
 
ORDERING IN PAKISTAN
 

Background:
 

NASS has developed clustering procedures to order counties in the 
US according to both crop and livestock data. Jim Cotter in his 
report on the Area Sampling Frame referred to the clustering 
methodology, but did not give details on tile procedures followed. 
Robert De Geuss, an ASA Associate, wrote a report titled "Cluster 
Analysis of County Level Agricultural Data for County Ordering: A 
Procedure Guide" in which lie described the four primary clustering 
procedures used. Jim Mergerson, a NASS employee in charge of 
sampling procedures at the Fairfax Area Sampling Frame Office, has 
established that two of the four methods (Average and Centroid 
hierarchical clustering) have succeeded in forming good clusters 
for two states in the US (.Iowa and Michigan). Also, these two 
methods give virtually the same clusters. 

The Clustering Procedure: 

The SAS clustering procedure for doing the hierarchical clustering 
is net available in the SAS package in the ADC office. Therefore, 
Jim Mergerson used data faxed to him by the ADC to do the centroid 
clustering with the SAS cluster algoritlm available to him. The 
data included district level wheat, rice, jowar, fruit, cotton, 
maize, sugar cane, sheep, goat, and pioultry estimates from the most 
recent survey data in l3a.luchistan (see Chart 1) . Jim did the 
clustering onl crop only, livestock only, and crop and livestock 
data. 

After careful analysis of the clusters formed in each method, the 
best organization of the districts appeared to be with the crops 
only clustering (Chart 2). This clustering was also more logical 
when considering that the locating of livestock in Baluchistan 
might be quite difficult because of the nomads who own most of the 
livestock there. The use of staidaid sampling techniques from the 
ASF will not easily locate livestock because the nomads have no 
fixed area where they keep the livestock. 

Chart 3 shows the final clusters developed from the clustering 
procedure. The ordering of clusters from I through V gives the 
order in which the districts are to he included in developing the 
substrata for selecting the final sample of segments. 

1 
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Benefits of Clustering:
 

The advantages of clustering the districts include the formIng of 
more homogenous subntlrata for creation of the rbplicated sampling 
plan and the determination of how best to order all the districts 
to form the substrata. There is another consideration of the 
benefi.ts obtained from doing the clustering procedure. The ADC 
Cell did make one change in the standard procedure of ordering 
count units. Instead of ordering the count units within a 
district, they ordered the count units on each individual map. 
This procedure could cause t formation of substrata very close 
together and thereby cause a reduced geographic dispersion of the 
sample. However, the use of cluster permits the creation of new 
groups of districts, sometimes separated from each other by another 
district. The ordering of districts within the clusters should 
thereby create more homogenous substrata that have sufficient 
geographic dispersion to rjenerate a representative random sample at 
the province level. The major benefit, of course, will be a final 
reduction in the CV's of the acreage estimates. 
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-----------------------------------------------------------------------------------------------------------

-Jun-91
 

LUCIIISIAN CROP ACRES LIVESTOCK IIIBERS
 

VISION DISIRICT Wheat Rice Jowar fruit Cotton Ilaize Sugarcane Sheep Goat Poultry Total
 

et La
 
Ouetta 5,251 0 0 B,419 0 0 0 90,272 41,003 279,222 430,247
 

Pishin 58,141 0 0 14,483 0 0 0 749,702 560,636 313,700 1,756,671
 
Chagai 4,704 0 1,611 1,710 0 0 0 341,263 171,961 114,298 641,633
 

ob
 
Loralai 53,129 0 5,745 23,789 531 6,215 0 1,136,216 297,450 252,261 1,715,336
 

lhob 11,229 0 373 16,430 0 4,685 0 1,243,414 334,829 150,251 1,767,271
 

bi
 
Sibi 32,643 499 7,369 7,n77 0 245 400 227,862 106,468 109,905 512,468
 
Kohlu 22,240 0 309 802 0 0 0 1,402,339 663,921 136,261 2,225,952
 

Dera bugti 1,038 72 1,011 27 0 25 0 313,144 232,635 59,035 601,586
 

isirabad
 
HAsirabad 146,558 256,141 63,994 534 15 0 461 9,739 22,321 11,572 511,947
 
Kachhi 36,151 2,000 22,391 536 0 0 0 40,309 165,542 112,321 301,344
 

galat 49,316' 0 0 9,301 0 0 0 1,219,812 638,692 246,B66 2,164,041
 
Khuzdar 103,511 1,641 2,829 4,562 0 0 0 2,651,844 2,048,768 378,158 5,191,373
 
Kharan 4,572 0 190 3,452 0 0 0 898,290 818,991 233,658 1,959,153
 
Leshala 2,411 146 7,992 I,2'95 0 0 353 213,301 303,719 336,284 065,561
 

ekran
 
lurbat 1,473 2,296 0 13,633 0 0 0 11,424 247,500 1B,610 420,935
 
Panjgur 2,471 198 0 4,942 0 0 0 112,012 89,025 46,359 255,801
 
Gwadar 0 0 0 2,446 0 0 0 103,010 162,311 46,265 314,952
 

aluchistan Province comprises of six Divisions.
 
ach Division consists of different number of Districts and a uistrict islike a County inUS.
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-------------------------------------------------------------------------------------------------

1-Jun-91 

ILUCHISIAH RATIO 10 IIIE TOIAL 

IVISION DISTRICT Nheat Rice Jowar Fruit Cotton Maize Sugarcane Sheep Goat Poultry 
.. .. . .. ...--------------------------------------------------------------------------------­.. . .. .. . .... .. .. . .. .. 

Quetta 0.0122 0.0000 0.0000 0.0196 0.0000 0.0000 0.0000 0.2098 0.1094 0.6490 

Pishln 0.0331 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.4268 0.3191 0.2121 

Chagai 0.0015 0.0000 0.0025 0.0021 0.0000 0.0000 0.0000 0.5412 0.2600 0.1181 

hob
 
Loralai 0.0299 0.0000 0.0032 0.0134 
 0.0003 0.0035 0.0000 0.6400 0.1675 0.1421
 

Zhob 0.0091 0.0000 0.0002 0.0093 0.0000 0.0021 0.0000 0.1036 0.1895 0.0850
 

ibi
 

Sibi 0.0570 0.0009 0.0129 0.0124 0.0000 0,0004 0.0001 0.3980 0.3251 0.1920
 

Kohlu 0.0100 0.0000 0.0001 0.0004 0.0000 0.0000 0.0000 0.6300 0.2983 0.0612
 

Dera bugti 0.0011 0.0001 0.0017 0.0000 0.O-'0 0.0000 0.0000 0.5164 0.3829 0.0912
 

lasirabad
 

Hasirabad 0.2830 0.4957 0.1236 0.0010 0.0000 0.0000 0.0009 0.0188 
 0.0431 0.0339
 

Xachhi 0.0933 0.0054 0.0518 0.0014 0.0000 0.0000 0.0000 0.1241 0.4214 0.2900
 

flat
 

Kalat 0.0228 0.0000 0.0000 0.0043 0.0000 0.0000 0.0000 0.5631 0.2951 0.1141
 

Xhuzdar 0.0200 0.0003 0.0005 0.0009 0.0000 0.0000 0.0000 0.5108 0.3946 0.0728
 

Kharan 0.0023 0.0000 0.0001 0.0018 0.0000 0.0000 0.0000 0.4585 0.4180 0.1193
 

Lesbala 0.0029 0.0002 0.0092 0.0015 0.0000 0.0000 0.0004 0.2464 0.3509 0.3885
 

lekr an
 

lurbat 0.0035 0.0055 0.0000 0.0324 0.0000 0.0000 0.0000 0.1039 0.5000 0.1068
 

Panjgur 0.0091 0.0008 0.0000 0.0193 0.0000 0.0000 0.0000 0.43179 0.3511 0.1012
 

Cwadar 0.0000 0.0000 0.0000 0.0018 0.0000 0.0000 0.0000 0.3298 0.5155 0.1469
 

Wluchistan Province comprises of six Divisions.
 

(Ach Division consists of different number of Districts and a District is like a County inUS.
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Cluster Alalyis of Baluchiscan Province 40 
Crops Only 20:35 Tuesday, June 11, 1991 

Centrold iIierrichica]. Clust'r Analysis 

Eigenvalues of the Covarlance Matrix 

Eigenvalue Difference Proportion Cumulative
 

1 5.1344E9 4.4954E9 0.878456 0.87046 
2 6.3898E8 5.9331E8 0.109324 0.98778 
3 45664314 21.086203 0.007813 0.99559 
4 24578111 23415546 0.004205 0.99980 
5 1162565 1.148916 0.000199 1.00000 
6 1.3649.23 7806.413 0.000002 1.00000 
7 5842.822 0.000001 1.00000 

Root-Mean-Square Total-Sample Standard IDevIation 
Root-Mean-Square Distance letween Observations 

= 
= 

28895.07 
108118.4 

lluinbe r 
of 

Clusters Clusters Joined 

Frequency 
of VOw 

Cluster 
Pseudo 

F 
Pseudo 
t**2 

Normalized 
Centroid 
Distance Tie 

16 Chagai Waran 2 2445.42 0.020885 
15 Derabugt Gwadar 2 2046.40 0.026090 
14 CL16 Paj gur 3 1534.89 2.95 0.031085 
13 CL14 CLI5 5 927.82 4.17 0.037310 
12 Quetta CL13 6 616.75 4.20 0.060186 
11 CL12 Lo'bala 7 459.60 3.85 0.072766 
10 1i shin Ka1at 2 416 42 0.094703 

9 C1,II Turbat 8 335.13 5.1.1 0.100775 
8 Sibi Kohiu 2 317.92 . 0.129789 
7 CL10 Loralai 3 298.52 2.72 0.135244 
6 Zhob CIJ8 3 285.93 1.98 0.158114 
5 CT,9 CIA 11. 158.6 17.00 0.200640 
4 CL7 Knchlhi 4 160.12 7.42 0.287251 
3 CL5 CL4 15 80.07 26.66 0.383911 
2 CL3 Khuzdar 16 84.00 12.39 0.779073 
1 CL2 Nasiraba 17 84.00 2.685532
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APPENDIX D
 

SEGMENT ALLOCATION : PAPER STRATA CREATION AND
 
SEGMENT SELECTION PROCEDURES
 

Background:
 

Jack Nealon has clearly explained replicated sampling, sample 
allocation using Neyman Optimum Allocation, sample selection, and 
sample preparation in Chapter 2 of AREA Design for Agricultural 
Survey, August, 1987. The procedures that he has described were 
the basis of the segment allocation, paper strata creation, and 
segment selection procedures used in Pakistan. The following were 
the specifics of th work in Pakistan: 

1. 	Four paper strata ere chosen,
 
2. 	A sample of size 416 was chosen as given in Table I of the 

main section of this paper, 
3. 	The paper strata were developed and segment numbers 

chosen by a SAS program developed by Mark Harris, 
4. 	The maps for each district ere ordered in serpentine
 

ordering from the Northeast to the Southwest of each 
district, and 

5. 	 A SAS program ordered the maps and the count units on the 
maps to create a file giving accumulated segment totals to 
choose the correct count unit in which to find each 
sampled segment. 

Procedures followed:
 

A SAS program created and described by Mark Harris, with some 
modifications to use the SAS random number generation procedure, 
_ enerated the substrata for a replicated sample of size four. 

6ableIdisplays the pr-ntout from this program. This program has 
selected the specific segnLant - .rf-iempaer strata for selection. 
in the count u~lL -- nother SAS program was evepe n o 0 --­
-n the actual records of each count unit to sort the maps within/ 
each district, accumulate the number of segments within the countj 
units by paper stratum and thereby permit the selection othe 
count -unitin-which to locte..the se].ected segment num17!?r. This 
procedure is the two-step simple random s61 tftrpT-cec Lire that 
Jack flealon described in the Area Frame Design report. 

Unfortunately, because of the time necessary to order the maps in 
a serpentine manner on a district basis, the sample select 
procedure was not complete at the time of my departure. ]'his 
appendix will.be completed at a later date.
 



S TR I A BIG .1 1-1I' ILIE 11 1 1: I1. R2 P3 RI 

10 26859 136 J. 21.3 390 2 79 767 
10 26059 136 2 i3'41 665 t,127 1045 
10 26859 136 3 .192? 2] 13 201 6 .1.62"7 
10 26359 1:36 4 2513 213F1 , ("?59. 263 4
 
10 2685'9 1.36 5 06 1(, 3409 3377 3206
 
10 26859 .136 6 .13I]. 4198 4325 4174
 
10 26059 13e, 7 51 25 5076 544 A 5209 
10 26 059 1.36 l8?.'() 6230 559-, 6027 
I 0 2605:' ' I ;3 '. ?,,,;') 6040 6'6' /(190I 

10 268.'? 136 1. /2.1I 737,1 7394 7347 
10 26859") 136 11 659 7903 835 F235 
10 26859 136 1.2 O9W16 9046 8Y94 1 9282 
10 26859 136 13 9 (57 9666 I0100 1007]. 
10 26059 136 14 J 1020 1.0622 103,13 107 () 
10 26059 .36 15 11564 11353 111.39 1 J.142 
10 26859 136 16 1.2.597 12394 12503 12012 
10 26859 136 .7 1'341 I. 13082 1.3076 13291 
10 26859 136 1H .1-10;?r, 1.3737 13974 4 13576 
10 26Li59 1.36 .' I "1601 1.4504 14 874 14310 
10 26859 136 20 156.07 15486 15109 15354 
10 2659 1.36 21 1r160 15826 164 :36 16350 
10 26059 . 136 22 16'9.12 17215 1.7005 16600 
10 2(,1.189 136 2.1 7656 17942 1754 2 18007 
10 2685? 136 2 4 1 130 18608 I 7_-6 18625 
10 26059 136 25 19"'! 1 19506 1921 19269 
10 26859 136 26 ;01.11 20310 20524 19941 
10 2685? 136 27 ?.6 21011 21233 2113110 
10 26859 136 1135 1822 22025 21043 
10 2685 136 21 1 22870 220 2227 
10 26859? 136 0 5,"71 234/1 22? 7() 234 I, 
1U 26 ''1 .156 'I ,.Y4$l, 2,1436 .,103. 2.3 1119 
10 26859 I356 2 21,'3';' 2471.0 25 1.30 24525 
10 2695? 16 2. .11 255.13 25940 2550]5 
1 26659 116 4 2', /53 26606 26 0 ?3 2629 .1 

20 192?] .o ... I 760 116 294 
20 1929. .0() 2 I I' 1213 fI.1 10 i. 
20 1929 1. 1o0 I f / 21,6 1(9, 22011. 
20 1929J 1 (.) 2166 24,31 2805 2613 
20 1929.1 .100 5 3250 3121 3 166 3 7F.18 
20 192?71 .100 6 4 00? 4 II 'I 4607 3987 
20 19291 1(.0 "7 014 52:39 5.157 5 1. 16 
20 19291 I.oo 8797 563() 5 /61. 55013 
20 19291 100 9 ,3.6 6524I 6436 6203 
20 19291 1.0 .0() /15(.62 7227 7648 7067 
20 19291 100 1.. 11,20 3344 A224 7958 
20 19291 .100 12 96 8581 F612 8531 
20 1929 .100 1?,7 9723 9861. (.) () 9,01 
20 1929] 100 I 10(4.11 10466 10651 10061 
20 19291 100 .15 1. I ?1 1151 1 1.249 1 .15'1 
20 19291, 100 16 12213 1 19) 11373? 1.1.826 
20 19291 100( .17 130-,6 12456 12840 13074 
20 19291 100 V.I 13512 13401 132119 13610 
20 19291 J(1 I. It4 50 14337 14602 14 051 
20 1929] 100 20 )1542,)0 14753 1.F)104 14683 
20 19291 .10) 21J 1 .I 15901. 150 42 15559 
20 19291 1(0 22 162'. 1 16769 1.6257 16593 
20 192"41 "',3 /I.h14y 17676 17624 17491OO ,) 
20 19291 100 24 1II'I 10232 1004 2 1f274 
20 19291. 100 25 I ')I I ; 1180 923F12 I '(031 

2_
 



9 ,M" 15 .I. Wediesd.kty, Jutile 19 , t991 

STRATA IG N L IT LE H P. 1SR I A RI R2 13 R4 

31 7691 03 1. 195 167 331 276 
31 7691 138 2 3U4 367 443 490 
31 7691 F1F3 3 774 1027 842 1004 
31 7691 88 4 1127 1154 1365 1202 

31 7691 80 5 ].694 1669 1560 1664 

31 7691. 08 6 2()61 1870 1?I r 1765 
31 /691 10 ; ".."o 2152 2262 2:3 .1 

31 7691 13 2694 2744 27.46Btt 255 1 
31 7691 80 9 2011 2004 2924 2829 

31 7691 88 .to 3303 325 33008 3152 
31 7691 80 I.1 37.1, 3713 3754 3566 
31 7691 8 12 41/,1 4122 30.16 3971 
31 7691 80 13 ,140H 4532 4465 4,321 

31 '769 1 	 8n iIl 4 19 1 471.13 4724 4695 
31 7691 	 80 15 .195fl 5062 4913 5160
 
31 7691. 30 16 13 /I? I. 5371. 5453 5399 
31 7691 130 1? 5306 50,16 50355 5615 
31 7691 88 1. 6036 6064 6220 5975 
31 7691 F31- 19 6603 6572 6299 6399 
31 7691. 88 20 6716 6864 6722 6059 
31 7691 8O. 21 731),1 7127 70F31 7212 
31 7691 00 22 7565 7576 7519 7653 

51 1190 1.6 I 209 208 221 60 

51 11.90 16 2 526 454 446 428 

51 i. 1.90 16 3 (1 3 616 695 n26 

51 1190 .16 1 .1 11 1024 944 1039 
52 1356 1.2 1 299 221 64 15B 

52 135 .1.2 2 01..1 46n 536 H110 
52 1356 1.2 , 1I'l? 965 1106 976 
62 1229 64 1 6,1. "I5 72 5E 
62 1229 64 2 9] 116 109 152 
62 1.229 	 64 .3 201-1 174 1.132 159 
62 	 1229 64 I 'X' 2111 29 253 

64 5 , 32 332 3462 1.229 
62 1229 64 6 400 460 4 14 416 
62 1229 64 .1I9"6 492 4 76 475 
62 1229 64 13 572 580 558 552 
62 1.229 64 9 661 669 6130 6M0 
62 1229 64 10 691 693 725 724 
62 1229 64 11 U4 1. 782 120 8,10 
62 1229 64 1.2 91.9 863 M2 1356 
62 1229 64 13 935 970 966 969 
62 1229 64 14 10173 1060 101.3 1030 
62 1.229 64 15 1.1.46 1106 1079 1095 
62 1229 64 1.6 1216 1193 1209 1159 

0 


