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Tne Ney,' Samole for Agriculture in Cameroon - its Design, 
selection and Application. 

As always, the frame must be available before any type of 
proper sampling can be accomplished. In this case, the frame 
that was used for the 1987 demographic census is 'at our disposal. 
This frame is nothing more than a listing of enumeration zones 
(ZD's zone de denombrement) arranged geographically by 
province, department and subdivision. In addition to the 
geographical ctassification, the ZD IS are also divided into rural 
and urban. A ZD is an area of land with boundaries shown on a 
map. The sum and total of ZD's encompasses the total area of 
Cameroon so this frame will meet the basic requirement for a 
frame which is 100% coverage of the population to be sampled. 
However, this is not a measured area and area coverage is only 
visually verified. 

Lacking measured area, some other criteria must be used for 
selection of the sample and expansion of the data. The 
Cameroonian Census Bureau is providing this in the form of 
special listings for each department that show (a) total number 
of households enumerated by the census in each ZDi (b) the number 
of households in which at least 1 person is engaged in at least 
1 of the following activities: 

Ol. 
02. 
03. 
04. 
05. 

Production of food crops. 
Production of industrial and '-export crops. 
Livestock raising, hunting and trapping. 
Fishing and/or raising fish in ponds. 
Silviculture and forest exploitation. 

) _ ,J 

':'J! C ~{ 

only one count is made per household for each activity. The 
household will be classified as an agricultural household if one 
person from the household is engaged in anyone of the five 
activities. 

This count of agricultural households will be used in the 
selection of ZD's ~o be segments (Primary Sampling units) in the 
new agricultural sample and for the expansion of survey results. 
In areas where activities 04 and 05 are predominant, it will be 
necessary to adjust the number of agricultural households to make 
l.t better reflect the true number of agr1.cultural/livestock 
households. 
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L1sts received from tne Census Bureau snould be handled in 
the follo,;ing manner: 

1. Read them int:o a dat:a nase I·:ithout: modiflcat:lc:1 an:::: 
a1,,,a\·5 keep a oacKup copy of the data Dase. 

2. Prepare 
modificat:ion. One will 
may be used to indicat:e 
farm housholds. 

prlnt:outs of each listing ,,'i thout 
be the permanent: file copy. The other 
needed modificat:ions such as number of 

3. From the data base, prepare listings for urban ZD's and 
rural/ZD's snowing the ZD 1d (Prov., Dept., Arrond, and ZD 
number), total number of households, and numner of agricult:ural 
households for each ZD. Any and all adjust:ments made in the 
census number of agricultural households will be reflect:ed in 
this listing. Add a cumulative column of agricultural households 
to each printout:. These can then be called the "Sample 
Select:ion" listing. These modified listings can be stored in a 
"Sample Select:ion" file. 

The printout: of each of these listings will be prepared for 
sample selec-c.ion according tQ ins-o:ructlons snown In Annex 

=-~-

Now t:hat somet:hing is known about: t:he frame, the sample can 
be discussed. The baslc desiqn is t:hat: of a t:wo staqe Cluster 
~ample in which the primary sampling unit:s (segments) will be the 
census ZD's (or parts or combinations t:hereof- see annex 
# I ). The secondary units or reporting units will be farms 
select:ed from a complete listing of households and farms wit:hin 
each sample segment. 

The sample will be select:ed independently within each 
depart:ment and will be divided int:o ~ replicates in the rural 
strat:ur.1. This number of replicat:es fits into a 25% annual 
rotation of t:he sample I,hich can be accomplished simplv bv 
retiring one replicate and addlng a new one. The replicates "also 
provide fleXlbility for the manaaement of ~ne sample In regarc 
t:o funds available and preclsion requlred. Since each replicat:e 
is an independent: sample of the ent:lre population, an unblased 
estirna~e is produced as long as complete replicates are added or 
subtract:ed. Naturally preclsion increases as replicat:es are 
added and decreases when they are subtract:ed. 

The sample size was determined by two at: least: par:::'3.11,. 
conflicting crlteria: 

Estimate the most lmpOrtan~ crops -;itn a c.~. of 15% cr 
less at: tne provinclal level. Thls. ~n turn .• ill result: :':1 a 
c.~. of 10% or less a~ the nat~onal level. 

Lirnl~ the total Slze to no more chan wnac was usei ~8= 
the 19a~ agrl=ultural census i.e. 954 segments. !~ is a ~~~ce= 
that -:::::oulj 1::e enumerated b\" "":ns presen:: ~~'or}: rare:::: :in 
ucc8~t~ble cmou~t cf ~irne i: fields are not measured. :~:3 2 

'. 
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number that could be used to produce a census comparable to 1984 
and it is certainly an absolute maximum that could be surveyed 
in the foreseeable future given the existing economic conditions 
in tne country. 

To implement the first point, the most important crops must 
be defined. Data exists for 20 crops from surveys conducted 
annually from 1984 through 1989 so consideration is limited to 
those 20 crops. Preliminary tabulations of '84-' 87 data were 
used to determine the following: 

1. For each province, identify the crop or crops of which 
it is No. 1 producer in the nation. 

For each province, identify the crops for which the 
quantity it produces is second or third in the nation. 

3. Using sales data, identify the top 4 or 5 crops within 
each province, in value of sales made by farmers. 

4. To calculate a total value of production for each 
province and each crop for the period '84-'87 by applying sale 
price to total production. A percentage of the total national 
value of production for the 20 crops was calculated for each 
prov~nce and the top 10 food crops were rated by order of 
impor~ance, see Annex # 2 

All the crops singled out by these processes are considered 
to be the most important crops. Within each province, crops were 
also classfied as Non exist ant (NEl or Not Important (NIl. 
Cotton, for example, is NE in the 7 southern provinces. NI is 
applied to those crops where the number of farmers producing the 
crop within the province is so low that a usable estimate cannot 
be made. There are other crops in a province that are produced 
in an appreciable quantity, but were not classified as most 
important:. These were considered in setting sample size but were 
not: given maximum emphasis. 

During a TDY in Cameroon, Dr. Charles Perry, USDA/NASS 
calculated a combined variance for area and production for each 
of the 20 crops over the period '85-'87 at the provincial level. 
These variances were then incorported into tables where it is 
possible to read the number of primary units needed using a 
specified number of secondary units (farms) to achieve a desired 
C,V. Readings using 10 farms per PSU were made for all crops in 
each province except for those classified as NE or NI. These 
reaciings were then consolidated into one sample size for the 
provihce considering ,both the desire to properly estimate the 
most important' crops and the absolute necessit:y of limiting 
sample size see annex # 3 

A tabulation and analysis of farm numbers estimated by all 
surveys '85-'90 was prepared and a s~ngle estimate of farm 
numbers was'made for each depart:ment that would serve to 
distr~bute the sample to departments In thin a prov~nce, This 

J 
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.. umber of farms was subdivided into those estimated by the rural 
segments see annex # 4 and those estimated by the urban 
segments. This served as a means of dividing the sample between 
rural and urban segmen~s. At the national level, only 11% of 
total farms was accounted for by urban segments so it was decided 
to limit the urban sample to ± 11% instead of the 21% in the 
previous sample. A minimum of 1 urban segment was assigned to 
each department. Variance calculations for the urban stratum 
would only be possible at the provincial and national level. 

The provincial samples were distributed to departments and 
divided into rural and urban based on farm numbers with the 
following constraints for the rural stratum: 

1. The minimum number of rural segments assigned to any 
department was 8. 

2. The number of segments assigned to the rural stratum 
in a department must be divisible by 4. 

Changes in sample size to meet the constraints and to 
conform to farm number distribution were always made in a upward 
direction provided an increase in sample size was supported by 
a review of the sample size reading by crop within the province. 
In all cases an increase was acceptable. The worksheet used to 
distribute the sample to departments is annex # 5 

After making the modifications needed to properly distribute the 
provincial samples to departments, the provincial samples were 
again reviewed taking into account: 

1. Sample size needed to properly estimate the most 
important crops. 

2. Percentage of total farms in the province. 

3. Percentage of total national crop value produced by the 
province. 

A listing of the new sample as it relates to % of total 
farms, % of sample and the previous sample is shown in annex 
# 6 It will be noticed immediately that the Extreme North 
varies considerably from the distribution of total farms. This 
is acceptable because the sample is adequate for the most 
important crops and the province produces only 7% of national 
crop value. The distribution of the new sample to departments 
is shown without additional analytical details in Annex 
# 7 '. This can be compared to the sample used for the 1984 
Agricultural Census as shown in Annex # 8 

The recommended new sample is slightly smaller than the 1984 
sample but should be significantly more efficient because the 
segments will be more uniform in size and the sample of farms in 
each segmen~ will be approximately proportlonal to the total 
number of far!l1s in the segment thus holding the variation in 
expansion factors well below that of the prevlous sample. Also, 
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distribu~ion of departmental samples according to farm numbers 
will put the larger samples ~n the depar~men~s with the mos~ 
farms where tney are needed. 

When the sample selection ~s completed for a divis1on, the 
list of chosen ZO's is taken to the Bureau of Census where the 
maps are being prepared by one of their cartographic technicians. 
Three copies of each segment map and a division master map 
showing all segments have been requested. 

When the maps for a department are received from the Bureau 
of Census they should be carefully reviewed and checked against 
the mas~er map ~o insure proper location and against our list to 
be sure the proper ZO's were reproduced. 

Cases will be found where segments that it was desirable to 
combine are not contiguous. In these cases, use the sample 
selection listing to determine which of the ZD's in the 
combina~ion was actually selected by the random number. This ZD 
will be used for the segment. The other ZD shown on the map will 
be crossed out. This modification must be indicated on the 
master sample documents. 

The field work of identify~ng boundaries, lis~ing households 
and iden~ifying farms should beg~n no later than Jan. 1, 1992. 
Field investigation of ZO's with dubious boundaries and other 
obvious problems should begin immedia~ely. 

The identification of boundaries and listing of households 
and farms must be done very carefully. Failure to carry out 
these activities properly was a major source of error in all 
previous surveys. It is even more important with the new system 
since a new listing of housholds will not be made each year 
unless there has been an obvious change in the number of 
households. 

The number of sample farms in each segment will be 
proportional to ~he total number of farms listed and will be 
managed to provide an average of approximately 8 farms per 
segment. In a division with 28 segments in its sample, a total 
of at least 224 farms for enumeration would be expected and would 
be distributed in accordance with the number of farms listed for 
each segment. Some segments will have more than 8 farms and some 
will have less than 8 but the average will be about 8/(slightly 
more in most cases). The sample size as previously discussed, 
was based on using 10 farms per segment but there isn't much 
difference in number of seqments usinq 8 farms and the current 
budge~ crisis decrees the ~se of fewer farms. This will still 
be an improvement over the previous sample. 

At this point it is necessary to decide if the same farmers 
can be surveyed each year for four years. If not, make the 
number of sample farms an even number and rota~e half of them 
each year. In this way each farmer will have to serve anI \. two 
years. This requires a'm1nimum of 4 farms in each seornent. A 
new half sample 'of farms ,muld be selected each year. -

5 
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At thJ.s pOJ.nt ~t J.S necessary ~o decJ.de J~ the same farmers 
-.:an be surveyed each ~·,=ar for :·::lUr years. If not, mak.: cl:;, :::u:;;;,Jer 
of sample farms an even number and rotate half of them each year. 
In chis way each farmer wlil nave co serve only two years. ThlS 
requlres a minlmum of 4 farms :n each segment. A new half sample 
of farms would be selected eacn year. 

ExpansJ.on factors should be calculated and recorded uSJ.ng the 
same format as the segment !lle for the prev~ous frame. 

As mentloned earller. replicates allow conslderab~e 
flexlbJ.lity 1n managlng surveys. For example, uS1ng the entire 
sample lS out of the quesclon at the moment for economlC reasons 
but lt should be poss1ble C? fturvey two replicates of the rural 
stracum (30) plus :'lppro:Gmacely half of the urban stratum (10). 
Approxlmacely half because 2C least one urban segmenc should be 
left ~n each ::iVlS:~O~. :'hlS :.-esul ts :.n 3. manageable sample of 
apprcxlmatelY'480 segmencs. 

See Annex = ___ " __ 

See .".nnex 
of households 
households. 

- 10 
and 

~or 3umma~:=at~on and varlance calculatlon. 

for segment field identificatlon, listing 
procedure for selecting sample of farm 

A commentary cn ,:he use ·:f a li?t of large farms :;,n 
conJunct1on wlth Ch1S frame :s [0 be found lri Annex = "1 

.,.,.- " 
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June 2, ~991 

Procedure £0- SamDl~ Selectior- Rural stratum 

1. Prepare a continuous listing ,of the "700" Series 0:: ZD's 
including all arrondissments in the depar~en~. The listing shoule 
shov total households, Agricultural households and a cumulative 
figure Dased on Agricultural households for each ZD. 

2. prepare the listing fo= sample selection according t:o the 
fOllowinq rules: 

A. All ZD' s with 250 total households, or more will De marked 
for subdivision according'to the following scheme: 

Households seaments 

250 - 400 2 

401 - 60C 3 

601 - 800 4 
eto. 

B. All ZD's with less than ~OO households should De combined 
with an adjoining ZD provided the total households in the 
combination is less than 250. If the combination of 2 ZD's yields 
~oo households or more, they would ~ De combined with a 3rd ZD 
even if the sum of the 3 is less than 250 households. Do not 
combine ZD's that are in different arrondissments. They proDably 
are not adjoining. 

C. These rules for SUbdivision and combination are Dased on 
total households and not on agricultural households. 

3. Get the sample size, number of replicates and number of 
segments in each replicate from the sample design. 

4. Establish paper strata Dy diViding the final figure in the 
cumulative column DY the number of segments in each replicate. The 
result of this division sets the approximate limit of the first 
paper strat~. The real limit will De that which inclUdes the ZD 

-- whose cumulative number is nearest the approximate limit. Draw a 
line across the'listincr at the real limit. Make sure that "real" 
limit either includes ~r excludes Doth of a pair of ZD's that you 
wish to combine, To determine the next approximate limit, mUltiply 
the result of the first division by 2, applying the rule stated 
earlier to determine the' real limit. Draw the line across the 
listing for the second paper strat:um limit. Find the limit of the 

" 
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third paper stratum by multiplying the result of the first division 
by 3, next limit by mUltiplying by 4 and so on until the number 0: 
paper Strata is equal to the numDer of segmen~s in one replicate. 
A replicate will then be made up of one segment from each paper 
s~ratUlll. 

5. segment Selection wi thin each. paper stratum will be 
proportional to size as expressed by the number of farms in the 
segment. 

It is suggested that 8 replicates be selected at firs~; 4 for 
immediate use and 4 for sample rotation and special uses. The 
easiest way is to select all B replicates in one trip through a 
random number table. To do this take the following steps: 

A. Determine the number of digits in the final figure of 
the cumUlative column for farm households and layoff columns in a 
random number table with an equal number of digits. 

B. Select a starting point and 
follow through the random number table. 
marked so your work can be checked. 

define the path you will 
These must be clearly 

D. Acceptable numbers will be those between 1 and the final number 
in the cumulative column. GO through the random number table from 
your starting point in the predetermined direction until the first 
number is encountered' within the acceptable range. Write this 
number to the right of the cumulative column on a line with the ZD 
that contains it. Also, indicate with a 1 that it belongs to the 
first replicate in the paper stratum. If the next random number 
falls in the same paper stratum it would be given the number 2 
assigning it to the 2nd replicate and so on. continue in this 
manner until you have 8 segments numbered consecutively in each 
paper stratum. Random numbers encountered within a paper stratum 
after selecting 8 segments will be passed over but continue 
selecting random numbers until there are 8 segments selected in 
each paper stratum. Mark the end point of the usage on the random 
number table. 

6. Transfer the data for selected ZD's (segments) to a form such 
as the ODe shown in the attached example. This will be the master 
record for the sample which relates the census identification with 
the OEAPA codes. As soon as the households in the segments are 
listed, tbe columns for listed farms and samcle farms can be 
completed. once completed, tbis form suppl{es the necessary 
information for the segment file already established for the 
previous sample. 

7. The ZD listing and random number table will be made part of a 
permanent tile for the new Sample for each depar~ment. 

2 
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?roceduro fc~ SamDio Sele~~io~ - Urb2~ Straturr. 

The urban ZD's are those whose iden~i=lcatioo numbers are less 
than 70C, usually no more than 2 dign:s ,,-ith1n an arrond1ssment:. 

, Begin by carrying au\: steps 1 anc. :2 l!1 tne Procedure fe::- tne 
rural st:ratUID. 

Ge~ the sample Slze fron ~he sample desig~. 
not be used in the Urban Stratur:.. Rota-::ion e:: 
be done by random seleet10n as needed. 

Replicates I,,-iE 
replacement l,,-ill 

3. Segment: selection ,;ithlr: the Urban Stra1:UIn wil:!. be 
propor-cional to size as expressed D:, tne number of farms in the 
ZD. 

h. Determine the number or Qlgi1:s ln the final figure 
of the cumulative column 0= farm housenolds and lay 
off columns in a random number table with an equal 
number of digits. 

B. Select a starting point and or define the path 
you will follow through the random number table. 

Acceptable numbers will be those between 1 and the final number 
in the cumulative column. Go throuah the random number table 
from your starting point in the predet-erm1ned direction until the 
first number is encoum:ered wi thin the acceptable range. \vri te 
this number to the right of the cumulative column on a line with 
the ZD that contains it. This 1S the first sample segment:. 
com::inue in this manner until you have selec1:ed the specifled 
number of sample segments. 

4. Transfer the data for the selec1:ed ZD's (segments) 1:0 the 
standard form that can be used for both urban and rural segments. 
Always use a separate form fer the urban segments. 

5. The use of tne form and the filing of the listing will be as 
descr~bed in items 6 and 7 of tne procedure for sele=ting rural 
segments. 
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Tab I e Sa~ple SIze of Segments and Farm Operators, and Seg~ents and Farm 
Ooerators from which Data Gatnered by Provlnce and Depart~ent, 

=~=========;===========================================:======================= 

Departmentl 
PrOVlnce 

Logone Et CharI 
Hayo Sava 
Hayo Tsan .. ga 
Dlam.are 
Hayo DdnaV 
~~aele 

EXTREME NORTH 

SegmEnts 
1 n 

F·opul au on 

SAMPLE EEGMENTS 

Selected Vislted 

~------------------------ number 

250 20 20 
137 20 20 
233 28 28 
1'" ... 28 28 
247 24 23 
:;i8 20 20 

1 .46 i 14l' 139 

SAMPLE FARM OPERATIONS 
-----------------~----

Selected 
Data 

Gathered 

-----------------------> 
122 113 
121 11 7 
159 156 
161 154 
128 11 7 
120 120 
811 777 

-------------------------------------------------------------------------------
Hayo Loutl 1::7 21) 2(1 11 8 11 7 

BenouE? 164 18 18_ 102 0' , .' 

Faro :;1) 12 12 71 67 
Mayo Rey 6i 14 13 65 63 

NORTH 420 64 63 356 340 

-------------------------------------------------------------------------------
F:aro Et Deo 42 12 11 63 62 
ViOil 92 16 15 89 86 
~bere 81 16 16 92 89 
~?yo Banyo 59 14 13 79 72 
Djerel 27 10 10 54 49 

ADAMAOUA 301 68 65 377 358 

-------------------------------------------------------------------------------
LOl Et Dlore. 105 16 16 89 86 
Kadey 97 16 16 91 87 
Haut Nyong . 148 16 16 93 86 
Boueba Et Ngofo be 14 14 77 72 

EAST 416 62 62 350 331 

-------------------------------------------------------------------------------
Mba~ 208 24 24 130 127 
Haute Sanag. 251 16 15 90 89 
Lekie 317 29 28 156 153 
Mefou 380 20 20 118 101 
I1foundl 409 20 20 83 bO 
Nyong Et Mfoulilou 351 14 14 74 74 
Nyong Et Kelle 395 Ib 16 98 93 
Nyong Et So' a ., 260 16 15 93 77 

CENTRAL 2,571 154 152 832 774 

I.: ~~~'?:tL 
.~. 

..• --' 
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Table (Cont I nued I 

=============================================================================== 

ueoart,j't:r.t 
FrOVlnce 

I n 
rODUIE.:lon 

SAMF'LE SEGMENTS 

Selected VISIted 

SAMPLE FARM OPERATIONS 

Selected 
Data 

Gathered 
=============================================================================== 

Ot:ean 
Dja E: Lobo 
NteGi 

SOUTH 

HaungD 
IH:am 
~Iaur I 

San age M;Yltlfl'l: 

LITTO;"~ 

i ________________________ number -----------------------; 

9 0 

15q 
184 
447 

210 
91 

501l 
1'-' 0_ 

., .... '-, 

14 
16 
20 
50 

28 
14 
18 
16 
70 

14 
16 
20 
5(1 

27 
13 
1 B 
15 
73 

79 
93 

120 
292 

154 
59 
69 
84 

366 

74 
87 

110 
271 

134 
52 
50 
80 

316 

-------------------------------------------------------------------------------
Manyu 129 24 19 112 111 
Ndian 46 16 12 70 60 
He.e 135 24 23 137 123 
Fako 113 20 20 114 103 

SOUTHWEST 423 84 74 433 397 

-------------------------------------------------------------------------------
Donga Hantung 144 24 24 !36 130 
Mentchuo 157 24 24 132 126 
BUI 99 22 "" 126 124 LL 

Mo;!o 108 20 17 94 88 
Heza. 19i 28 27 149 144 

NORTHWESi 699 118 11 4 637 612 

-------------------------------------------------------------------------------
Noun 262 28 24 136 132 
Bafiboutos 97 22 22 126 125 
Henoua 1 16 28 28 163 160 
Hi fJ 133 28 28 168 158 
Haut Nkam 109 16 16 92 86 
Nde 83 16 16 97 94 

WEST 800 138 134 782 755 

-------------------------------------------------------------------------------

Total Traditional 8.477 954 926 5,236 4,931 

• ," .. I .. . .C:: , ....... ,'C •• ;:-. f ;, .. A •• '-::,1.. • 
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Summarizat20n Procedures and Var2ance Calculat20ns 
for the New sample., 

For those famlliar with the previous frame and sample. :~ 

;;:.:.:.:.::'::=.:..::; ~..::.~- . ,;l,-u~cti. . .i.!~\J L!!"':.' 7_~:~ .:'.':'!~l.OU £dC'C.ors I expsl1c.2.::­
and summar2zing the data and calculatJ.ng var2ances could be used. 
However, 2t is true that most of these procedures were not well 
documented ~f at all. An effort to remedy that will be made here. 
Also, the use of paper strata and replicated sampling adds the 
poss~bility of using different procedures. 

One's first step in understanding must be .to read the general 
descr1pt1on of the frame and sample in the beginning pages of this 
document. It explains there that the sample is selected 
independently within each department so that est1mates can be 
generated for each department but va'r1ances w1II be high at that 
level. The basic desire is to have useable est1mates at ~he 

prov1nc1al level and good estimates at the nat10nal level for 
1mportant crops. 

Hent10n is made of a differentiation b~een urban and rural 
farms. This is a stratification for convenience of handling and 
does not 1ndicate that any eV1dence exists show1ng that urban farms 
are different from rural farms. It should be emphasized that all 
farms in the sample are reached by means of a household. The 
census classified ZO'S as rural ~r urban according to population 
density. Therefore, urban farms are those reached by enumerating 
households 1n an urban ZO. It does not mean that the farm itself 
1S in an urban area. Rural farms are those reached by enumeratlng 
households in a rural ZO. 

Urban segments requlre different treatment because they 
usually yield significantly fewer farms per household listed than 
rural segments. Therefore it is practical to lim1t thelr number c~ 
the proportion of farms they contribute. At least one urban 
segment w1II be selected per department as explained earlier. 

The following formulas were left by Or. Charles Perry as the 
appropr1ate formulas to be used in expanding the survey data and 
calculat1ng the variances. 

A slmple example demonstrating their appllcat10n follows t~e 

statement of the formulas. 
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SUMMARY AND ESTIMATIotl FORMULAS 
FOR 

THE CAMEROON AGRICULTURAL. SURVEY 

Basic Stratum Level Sampling Procedure: 

Assume that at the first stage of sampllng n seqmen~s (PSU's) are 
drawn independently from a stratum so tha~ the expec~ed number of 
times the i th seoment is se 1 P.r.-r.Pri i,,' 

where P, is the relatlve'size of the it" segment. That is: 

x. 
P, -

where X
t 

is the size of the .; t': segmen-:.. 

Assume tha~ at the second stage of sampling. li!,.. farm households 
(SSU 's) are drawn· with equal prooabili ty and \.;i thout replacement 
from the M, farm households listed in the ith segment. 

Basic Stratum Level Summarv and Estimation Formulas: 

Formulas are given below for estimating the stratum. total and its 
variance under the assumptions outlined above. Formulas are also 
given for estimating the ~omponen~s of variance associated wi~h the 
first and second stage samplinc:r. The statis~lcal properties c::: 
these estinates are summarized. 

Unbiased estimates for the ith segrnen~ ~otal and its variance are 
given by: 

N, 
m. 

}' )' 
m. ~ . , . 

)-~ 

1 
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where Y;, l.S the cornmodi ty vaiue for the j th farm household from the 
i tn secrment:.. M. is the number of ,..; sr.~d farm houc:.c::.ho 1 d!=; find m· is the 
nurnb~r of s~mpied farm"nouseholds 

Unbl.ased estimates for the stratum total and its variance are given 
by: 

'1-
n 

?: 
l.-1 

n ~ 

1" Yi 

n 1=1 Pi 

Var (f) - _1_ L Y, - 1 f n ( _ )2 
n-1l._1 1t, n 

- -.... 

I Unbiased estimates for the first and second s-cage -!ariance I components are given by: 

I 

I 
~ 

I 
l! , 
J 
J 
I 
I 

var2 (i) -
Var: (f:) 

p/ 

Var 1 ('1) - Var ('1) - (ar 2 ( f) 

2 _0 
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OAT":: SeptE~ner :~, 1991 

TO: Hontie \.;allace 

FROM: Charles R. Perri, Jr. 

SUBJECT: Example fer Appendix A.l computation Formulas 

The e~arnole below shnw~ ~rpn hv s~en how to aoolv e~r.h ~- rho 
~umpu~at~cn fcrnulas given ~n Appendix A.l of my ~r~p reper~'aa~ed 
Hay 15, 1991. The cempu~a~ion are based on the example data you 
sen~ as requested in your F&~. 

1. FAP2~ SAHPLE VALUES FOR ITE..'1 Y BY·FARN AND SEGHENT 

:tj Y2j 1"3; Y4j 

8 6 J 
1 9 '7 

7 5 8 
5 3 0 0 
7 3 3 Z -= 
7 4 4 
1 16 4 3 
4 a 6 

1 3 
40 8 

32 9 

53 

2. SEG~·21~-: r..r;-n:::r. ::OT.JNT CATA .:1 .. ND THE ?ROBABI:':TIE.5 OF SELE::-:::JN :;:1. 

SEGHE~]T SEGm:~IT FARl1S nr SAHPLED PROBAB:::ITY OF 
SIZE SEGHENT FARl1S SELECC:ION 

XI Hi m. p. - , 

1 199 150 g 0.057448 
~ 114 90 5 0.032910 < 

3 '-0 _:::>- 160 9 0.04590l . 191 200 11 0.055139 

" 
}( 

No,~: s = .... E:-: '-N'nere .LX, = 3~64. <,., to ":::1 



• 
• 3. SUMMARY STATISTICS FOR SEGl1ENT LEVEL DATA 

I:l" m, l~· yo;;)" 
SEGHEHT L ~.".!J L . - ,-~ 

;no " ) j' :-
1- , -, 

J ••• - - J-"-

1 40 42.0000 8 
;; 16 32.8000 5 
J 32 70.::222 " ~ 53 85.6364 2.1 

II 
II 
II 
f 

4. t.XPANSION BY SEGl1ENT OF SEGMENT STATISTICS TO SEGMENT LEVEL 

~ 
~ SEGHENT 

1 
2 
:3 
4 

_._----
750.000 
288.000 
568.889 
963.636 

l5975.00 
12546.00 
23563.46 
29427.77 

I 
I 
'- 5. 

EXPANSION SEGHENT STATISTICS FOR SUIlH.".RY TO STRATm·! LEVEL 

~ 
~ 
~ 
~ 
91 
II 
II 
1-

SEG1'!E~i!' 

1 
~ 
~ 

3 .. 

--- -
",:=- r I V ) a_: \ -.1 -; 

0,2 . " :;-': 

4.840502.86 13055.28 
1158S807.91 8751.15 
11184086.58 1:1.393.91 
9679353.30 17476.63 

1"_ 
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SUM EXPANDED SEGHENT STATISTIC CVER STRATUM 

I 
I 
I 

i-

12919.2~ 38437~94.98 

I COMPUTE STRATUM LEVEL STATISTICS 

I 
I 
I 
I 
I 

1.2919.24 

cv 

0.~3a53 

Var (f) 

3203099.53 

o .1l8~6 

va.:, (ii) 
Pi4. 

37287751. 15 

2330.484. -15 

CV. , 

0.072306 

n 

372615.14 

~.Note: All the numeric ~;l~es displayed were calculated wit~ ~~e 
~ s~a~is~ical package SAS using the formulas in Appendix.A.~ 

of ~y ~=ip =eport. SAS compu~a~ions are carried out ~o 
several decimal accuracy. When these compu~a~ions are 
carried ou~ on a hand calculator the results may differ 
sligh~ly due ~o rounding errors. 

i 

! 
I 
I 
I I _ .... 

~ 

http:372515.14
http:3203099.53
http:37287751.15
http:38437194.98
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Field Identlfication, Listlng of Households and 
Farms and selectlon of sample of Farms for New segments 

Sometlme ln late 1991 and early 1992 each department will be 
recelvlng a new sample of segments made up of enumeratlon zones 
I ........... ,.....~ ...:I,..., ..:l ............. _l- _____ .... \ .. _ .. '11. __ ". 
, _ _____ __ __ ......... ___ ••• '- __ .... ..... .... C\...L J..':: ........ . 

durlng the 1987 demograph~c census, In reallty, the segment itself 
may be a comblnatlon of 2 ZD'S or lt may arrlve wlth the 
lnstructlons that fleld personnel should subdiv1de it and select 
one portlon at random to be the sample segment. 

Each department (div1s10n) will be prov1ded one copy of each 
map for 1tS number of ass1gned segments ln a scale of on 1:50,000 
plus a master map showing the lo'cat10n of all' segments. A 'list 
will be included show1ng the number of total households encountered 
by the census in the ZD. The departmental staff will have 3 
important operations to carry OUt on'each of the new segments to 
prepare them for use ln surveys. 

1, completely and permanently ,ldentlfy the segment, Use the 
master map to arr1ve 1n the vic1n1ty of the segment and then sWltch 
to the .1:50,000 scale segment map to comple~the identlf1cation. 
Fortunately some of'the boundar1es will be exist1ng features such 
as roads, trails, watercourses and rlvers. Unfortunately many of 
the boundar1es will be a line on a map b'etween two p01nts. 

In many cases the words "between two p01nts" are the key to 
approximatlng an arbitrary boundary. If a real item such as a 
crossroads, school, bridge over a rlver etc. can be located near 
the end of an arbitrary boundary, a slmple ruler can closely 
indicate the point 1n question. At a scale of 1:50,000, : cm. on 
the map equals 1 km., 1 cm. = SOOm, 1mm = 5m, etc. Also keep ln 
m1nd that the top of the map 1S always North. 

It 1S 0= utmost 1mportance to remember that the line on the 
map lS the lndicator of the bo,undarles of the segment. The 
v1llages that are included or not 1ncluded or split by the line 
have noth1ng to do with the boundary. Even if the vlllages shown 
w1th1n the segment have the wrong names or if there are vlllages 
w1th1n the boundary that are not shown on the map, it makes no 
difference. The line on the mao determ1nes the boundar'!, 

When, after using all avallable lnformation, the dlvlsion 
chlef arrlves at the best posslble ldentl:lcatlon of the segment, 
ample notes and even addltional drawlngs must be made to lnsure the 
future identlficatlon of the segment so that enumerators always 
return to the sa,rne segment. Make as many notes as poss1ble on the 
map ltself that can be made wlthout destrcyip~ necessary detall. 
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" Prepare a listlng of all households wlthln the ldentlfied 
segment. A 11stlng sheet slmllar to the prev10usly used Form 0 
w111 be prov1ded for th1s purpose using approprlate questlons to 
identlfy farmers and or livestock la15ers in each household. The 
list1~~ 3:.E~t wlil be accompanled by detalled instruct10ns for Its 
use. 

The household llstlng should be done with great care. If the 
listing lS lncorrect. the expansion factor lS lncorrect thus. the 
~stlmate is incorrect. Furthermore, the llstlng wIll be made only 
once durIng the perl0d of continuous usage of the segment which lS 
a maX1mum of 4 years. unless there 1S concreI:e eVldence of 
signlflcant change 1n number of households and/or farms. 

A new listing of households ~lill be made '.'lhen a segment ~s put 
back lnto the sample after a perIod of ret1rement. 

3. Select the sample of farms to be lntervlewed In ~ach 
segment. It has been declded thac. for the ~oment. an average of 
8 farms per segment wlil be selected. If there are 15 segments in 
a department at least 128 (16 X 8 = 128) farms must ~e selected for 
lntervlew. The total !1umber af farms ·tlill be "l1ocated ::0 the 
segments In proportion to the farms listed and at the same tlme 
lnversely proportlonal to the segment's probabillty of select10n. 

The allocatl0n for the rural stratum (30) will be made at the 
department level. Sample farms for the urban stratum (10) wlll be 
allocated at the pr~vlnclal level. 

The followlng example uses an imag1nary depar:::nent ·.nth only 
4 segments In the rural stratum. . This means ;:hac "e will 
distrIbute 32 farm!'!"--(4 X 8) among the four :;eg;nent:; 
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l{~ Ml 
Census DEAPA 

Segment Agrlcultural Farms ~1~ 

Number Households Llsted :-:l 

1 199 150 150 199 = 0.7537688 

. " 114 90 90 7 114 = 0.7894736 

3 159 160 160 7 159 = 1.0062893 

4 191 .200 200 7 ;'91 = 1.0471204 

3.6054242 

The propcrt1on of farms ~~ be ~llQcaLed t2 each segment :s 
determined by dlvldillg each 'falue ·:>f Ml cy the sum c1' ::he Ml. 

Xi Xl 

That is 0.7537588 - 3,6054242 = 0.2090652 etc. 

Segment 
Humbor 

1 

2 

3 

~ 

~- . 

Proportlon 
of Sample :~r!:1S 

0.2090652 

0.2189683 

0.279104: 

0.2904291 

11 
Total' 
Sample 
:arms 

X 32 

x 32 

= 

= 

= 

= 

HI 
Optlmum 
~.}urnber ::. f 
Sampls ~3.!.-!1S 

7 (5. '03) 

7 ( 7 • :J 1 ) 

? .( 8.::>3) 

9 (q . =? ) 

22 

lll~~ proceaure ~1~~ resu~~ In ~~lY ~l~ll~ar ~xpan~10n 
factors for each segment, so close :hac ~= would be .llmost 
self welghtlng. An ex~mple from Dr. Charles Perry tallows 
showlng the dlfference In expanSlcn factors between ~he 
optlmum process and 3 slmple allocatl~n proportlonal :nly 
to the number 'Jf farms llsted. In the """ample. :he !1umeral 
"~" in the last term '''1ii-i i mJ.pl) II :.s t~e :1umber <)f 3egmenr:s 
In ,:.71e sample. 
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Second Sfage ~llccation Fc~.~las 

Th~ cJ.!a3pl~ .ccle-;] ~het.·~ !!~e~ :e.,- ~oe.e.~ he· ... • ~~ ~e'!."!.!·.· e.a~~ !.~ ~~~ 

-- ___ :'':'' ::- _ay~ .::.. ... .l.O'::c::sJ.cn .rc~ulas (n.ve;' l:: A.l:roenti~x A.1 Li lUi I... .... ~ 
repor: date'::' :'lay 15 I 1991. The examnle lS- -based en tne exaIJple 
da"C2. vo....: ser.--: :..~ vot.::: FAX. The COmDUi:2~;.ons shov: that ;.;hep.. ::ns 
second s~aae allcca~10n is Dade us ina the forrlula c= Apnendix A~~ 

I 'Cne: exoans'io:: fact:.ors are all verY similar i.n cont:ras-::. thOSe 
ccrnput:~d ~rcr:: the example data. This show' ~hat alloca-=ing thE: 
second staae sanoia as reco~ended in mv ~riD ~epo~ will ~ake the 

I 
sample hea'rlY self- r.'leightlng and eli:Dina'Ce' t:lose outliers tha~_ 
!.""esul-:. =~c,.::~ va::-l2.::'~Ong l:1 expansion fact:::rs_ 
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r·fEAS"072 C!' SE::;:·!E!I:;: SIZE. SECOlrD STAGE POF~~:I-l~NS SIZE, 
SECOHD STAGE s~.J.rpLE SIZ1:, SEGi·IE1IT SEI.ECTIOI; PROBABILITY, 
AND EXPlI.NS lOll D.CTOR FOR INDIVIDUriL EARl-! IN THE SEGMENT. 

Xi Mi ill; Pi' M/4 (IDjPi) 

1 199 150 8 0.057448 81.595 
2 114 90 :; 0.032910 136.737 
3 ,-~ 

...... .:J':: 160 :; 0.045901 Q'" ,... ...... -
.... ~.O~ • . 

" 
1~' - . 200 :!..l J.OS5l39 S=.";'3~ 

OPTI!L~:' ??"OFCF.~I:>!1 O? THE 32 SEGHEU'!2 FO:: E.:;'C!: SEGN:ElrT. 
OPTIIL-;i.. S:C::COND ST .. ~GE S~.}!PLE SIZE (.dND R8c"!~DED ~ .. ~ALIJE) ~OR 

EAC:i SEG;·SNT, k'lD EXPl,NSIOH FACTOR ~OR INDI-."TOUJI..I. FAR2·! IH 
THE SEGI·~:T! 3;'.S!:~ Ol~ THE OPTn·!.~.L SECOliD STAG!: SA1>!PLZ 
SIZE. 

( ~:) ( ~:) 
<7l. J" . - \ t ~ M I • 1_ H! 

tF-: x~) \" ..::.:.=. 
~ v 
.1-1 ..... - i 

OD'CD.. 

- C.::}95E 6.91593 
·C.::95 t .. 

. :::~35~ 

- J.:::-;~/2 S.::290 ,...- ~ ... -. 
:::0.0 .... -

~ - .:;~:.:. 9.6075":' 10 
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The number of =arms to be finally selecced w~ll also 
depend on whether the decIs~on ~s made to r~tate farms 
or !Oot. See the last paragraph on page 5 of this document. 

Once the number of assIgned farms is determIned, :he 
selectIon wIthin each segment will be s~mple systematIc 

selectIon folloWIng the usual procedure of calculat~ng a 
samplIng interval (150 ~ 7 = 21), chOOSIng a random number 
between 1 and 21 inclusH'e (9). The first farm Inll be 
farm number 9, the next ~Ill be farm number 20 (9+21), 
the !lext 51 (30+2:) and so on Ilntll - farms are selected. 

.,..- . 
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preparat10n and us~ 0= tns ~lS~ o~ Large Farm£. 

ExperIence has shown tha:: Wl1:!', a smal~ sample such as vall be 
used ~:l Cameroon, It 15 vlr!:uall~.: ::.mposslnls to properly represent 
in the sample of segmem:s. farms 1:110::. al-'" sIgnIficantly larger than 
the average operation. These lara~ farms wIll be trea1:ed as a 
separate populatIon for whic~ th~ samplIng frame will be a lIS::. 
:'!"l..3 :'.1..5:: .... f. ~-.-d.'-3t:' ;- oJ lit::;:, cl1l~ L.ll~ _.!.:.:.!... a::::: r:arms encounter-=~ .:.:-: ~!le 
samplE: of segments must be !T.utuall~· excluslve... Tlll.E 1S 
accompllshed by removl.ng trom th~ segrnen:: data a1: farms that 
appear on the entIre large farn- ':'lS1:. Control of duplIcatIon 
should be done at the departmen;:,,-. level so tha1: :.;: would be 
pOSSIble to select replacement ~arms tor tnosa removed for beIng on 
the large farm list. 

Completed lISts must be '::!refhll~- re'.'lewed a1: the departm€ntal 
and provlllclal level to rernov~ du~~~~a~l~i! and lusure legl.blll.cy. 

After all dupl1catlon 
farms gathered. the dat:, 
expanded as usual. 

1_ ~emoved and data 
- ~- S'amnl* 

fer replacement 
segmen-:,s Wl2..::" 

The llst of large farm7 =3!1 b~ ~reparej a= the depar~~enta! 
level 1:::: the department ciner anc: a:1 aSslstru?\:. The departmenta2. 
chIef will, of tourse, know many of 1:he iarge farmers bU1: to expand 
and update Ius list he must contact ex.tenSlon agents, farmer's 
organIzatIons, village chiefs. cOOpera1:1VeS ?grlcultural delegate 
and all other sources he conslders useful. For each farm listed, 
it is important to have the name and location of a person who can 
supply detailed informatlon about the operatIon. 

ConsiderIng that the ave:-age Slze of farm In Cameroon :is about 
1.7 hectares, 10 hectares appeare~ ~~ be a·reasonable lower llmic 
for bUl1ding the list. If the 115= 1£ not large, unde~ 30 farms. 
all farms on the ent1re 1151: =~uld 1::e enumerated each survey cycle. 
Larger llsts would be strat~~led 2ccordlna ~o 51=e. The larges: 
Sl.ze stratum \-1ould probabl:t~ b::: completely ·enumerated unless thel~f­
is an unusual number of extremel~ large farms, 1n wh:ch case the 
stratum containIng the largest farms could be sampled. Othel­
strata contain1ng the smaller classiflcatlons would also be 
sampled. The number to be enumerated and sampled wl1~ be deCIded 
on a departmental baSIS dependlng on Slze of the lIst and resources 
available. 

Data gathered by uSlng ~!1e large £3.rm ll.st wlll be ~abulated 
and expanded separately and =he resu!: added to that cf the sample 
segments. If all the large f3rms a~e enumerated III a depar~men~. 
the~ wlll not contrlbute C0 ~h~ overall var1ance If the large 
farm 11St 15 sampled, l.t C3n D~ ~reaced as an addlt~an2: st=3tum. 
or strata. In the calcuJ qt~CI: of ')Ver3:: varlance 




