NCH-SAMPLING ERRORS IM AGRICULTURAL SURVEYS - JEVIEW,
CURRENT FINDINGS AND SUGGESTIONS FOR FUTURE RESEARCH!

Tsidoro P, David?
I. Imtroduetion

Suppose wa want to have an indicator of the anmial production
Y in kilograms, of tomatnes in Nueva Feija; we run a survey or
of surveys to have an indicator or statistic, §. The error in ¥,
defined naturally as the gap hetween ¥ and ¥,

e® =¥-v
cannot: he observed, and so just like ¥, we would want to have an
indicator of it. In the sarple space associa w:l.‘lé'htl'asur?
s denote the average of the realizations 1* Yo v OE X b
E(Y). The average error
B =@ - ¥

:l.l%llcnallﬂdthlhmmf. The average of the sguared deviations
of ¢ about E(¥),

vih =etd - 2
is of course the variance of ¥. Bﬂaumﬂfﬂﬂmgfaﬁh
led the mean squared error, is expressible in terms of v(¥) and
hi{¥), L.e.,
mee(9) = v(®) + {n(H) ).
This equation has profound implications in applied statistics which,

Judging from the way we plan and conduct our surveys, are sometimes
rot well understood nor appreciated.
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(a) It states clearly that the total error in a statistic is a sum of two
conponents, i. e.

total error = sanpling error + non-sanpling error

and sanpling error is nmeasured by V(Y) or its square root which is the standard
error, while non-sanpling error is synonymous with bias. The first is the error
or uncertainty associated with inference concerning the whole target popul ation
on the basis of a sanple, concern while the latter catches all others excluding
sanpling error.

(b) Switching from one survey design to another with no acconpanying of the
sanples in questionnaire and nethod of data collection affects sanpling error
only.

(c) Aside from occasional changes in survey design, increasing the size of the
sanple is the commn way of trying to increase the accuracy of statistics.
However, sanple size n affects sanple error only; noreover, since the standard
error is of order I/Ch, a point is soon reached wherein increasing n wll give
reductions i-n sanpling error not comrensurate with the increase in cost. For
exanpl e, starting with n=16, a four-fold increase to 64 is required to reduce
the standard error to half its size, and a further four- fold increase to 256 to
reduce it once nmore by one-half. At the sane tine, non-sanpling error
t heoretically, is unaffected by sanple size, in practice, a bigger
sanpl e usually means | ooser supervision, a bigger field staff and nore data to
process, all of which may raise non-sanpling error. Hence, in survey sanpling,
increasing the sanple size does not necessarily cause a reduction in total
error.

The witer is of the opinion that the sanple sizes of our major surveys
are high enough to reduce sanpling errors even of provincial statistics to
acceptable levels; the fact that this has not happened yet is due primarily to
the inefficiencies of the survey designs currency in use. W also feel that non-
sanpling errors dominate over sanpling errors in our surveys, and that we have
not given them the attention they deserve. Wilst the theory of sanpling errors
is universal, non-sanpling errors are highly location - and situation- specific,
which aids to the urgency of their study in the |ocal setting.

Going back to our original exanples is the total annual production of
t omat oes knowabl e? Wl the interview nethod be an adequate instrunent? Can the

farmer recall his produce or will his response be subject to nenory error? Does
reckon his produce in kilograns or will there be a neasurement error problenf
WIl the farner, wfe, and oldest son give the same response? WIIl two

interviewers, get the same information from a respondent? How much non-coverage
error is due to exclusion of backyard production and non-response? Is the
estimation procedure faithful to the survey design? W begin to understand the
nature and extent of non-sampling errors only after careful scrutiny of these
guesti ons.



Il. Review of Previous Studies

1. Introduction

The nunmber of past studies on non-sanpling errors is testament to our
relative neglect of this area@TA-et little had been done was nostly on rice and
in four provinces - Laguna, Nueva Ecija, Bulacan and Pangasinan. Granting that
rice is our nost inportant crop, it is not difficult to imagine that non-
sampling errors should be worse with other crops, livestock and poultry. The
area planted to crops vary from year to year depending on the soil noisture
condition, availability of planting materials, etc., and farmers of course find
no need to know the actual area. Likewi se, corn is usually harvested as a green
vegetable and the forner derives no benefit from figuring out his harvest in
sacks of 50 kilos at 14 percent noisture. While statistics an large |ivestock
i ke carabaos and cattle maybe | ess subject to menmory |apse error, this my not
be so with small livestock poultry. It has been noted for instance, that the
correl ati on between chicken counts from one survey round to the next is very |ow
due to the fast disposition of broilers in contract farms and the fact that our
mej or survey rounds - January and June - are in the wake of Christnmas, New Year
and May festivals. The accounting by interview of poultry production during the
year is a problem we do not quite know how to resolve satisfactorily yet. What
proportion of our vegetable production cones from backyard gardens with |ess
than 0.1 hectare? This is non-coverage error, also a conponent of non-sanpling
errors. What is the extent of measurement error in farm |labor and other farm
i nput statistics?

We have barely started with a long way to go yet.

2. Rice area

We often train interviewers to elicit information no matter what has soon as
he locates the respondent, which is alright if the latter were willing (and
farmers generally cooperative) and knew the answers to the survey questions. In
the case of rice area, the farmer either knows, heard about it from somebody
like the landlord, or guesses it from seed rate and/or wage paid to planters and
harvesters. In the latter situation, the figure he quotes in usually rounded to
the nearest quarter or third of a hectare. In 1966, 826 Laguna rice farners were
interviewed and gave their rice area as follows.?

22 percent in direct hectarage
74 percent on the basis of seed rate

and 4 percent in local units (not hectares).

The actual areas of a subsanple of 68 farmers were neasured which when
conpared to interview areas showed a 5.6% over-estimation by the latter. The

3 International Rice Research Institute (IRRI) 1966 Annual Report, p. 262.



percentage over-estimation tended to decrease with increasing actual area in

anot her study, 182 rice farmers in Manaoag,
4

Pangasi nan gave (interview) areas that overestinmated actual areas by an average
of 8.1 percent® Again, the degree of over-estimtion was found to be lower in
bi gger farmns:

farm si ze (hectares) .01-.50 .51-1.00 1.01-1.50 1.51-2.00
% over-esti mati on 12.7 7.1 5.6 3.4

There were also indications that the nagnitude of error is related to tenure
stat us.

3. Rice production
From the same 68 Laguna farners, the interview response and the actual

(observed) palay or unmlled rice production were conpared, with the follow ng
results:®

% of act ual % cm
a. Reported by farnmer prior to
deeper probing 77. 4 77. 4
b. Hani ester share based on
reported sharing system 13.1 90.5
c. Heaped part on harvester's share 1.3 91.8

d. Other expenses, e.g. irrigation
fee, weeder's fee, rent for use

of harvesting-drying space paid

wi th pal ay 4.6 96. 4
e. deaned from harvested field 1.8 98. 2
f. Gven to friends and rel atives 1.8 100.0

Components (c) and (e) normally are not reported; some interviewers may
fail to ask about (d) and (f) . Thus, wi thout deeper probing by the interview,
assuning that the there is nenory |apse error on the part of the farnmer, the
interviews production may under-estimte the actual by three to nine percent.
Further accunul ated evidence tends to confirm that the unreported exponent due
to heaping of the harvester's share Pay actually range from 3-5 percent and
that, which goes to Cleaners, is from 1-2 percent with a higher value during
the wet season, possibly because of the higher incidence of |odging of crops and
other conditions that is loss conclusive to a nore thorough job’. Earlier,
Onate® reported a 3 percent under-reporting by interviews conducted 6-9 nonths
after harvest.

* IRRI 1969 Annual Report, pp. 221-222.
S IRRI 1975 Annual Report pp. 415-416.

® IRRI 1967 Annual Report pp. 271-272.
" IRRI 1969 Annual Report pp. 80-81.
8 Onate, B. T. 1957. Non-sampling Errors in Philippine Field Surveys. Philippine Statistician 6(2).



4. Experinents on crop-cutting

One of the early crop-cutting experiments was done by de Ramps® in 12
randomy chosen farnms in Sta. Maria, Laguna. Two paddies were drawn from each
fare and a square, equilateral triangle and circle

each 2 square neters in area, were cut fromeach paddy. While the different cuts
did not show any significant differences in yields, these gave yields that were
8 percent higher than the actual (observed) yields. The observed yield, however,
were based on reported (interview) areas, so the over-estimation in reality
coul d be higher than 8 percent.

The Bureau of Agricultural Econonmics (BAECON) has done the nost
i nvestigations on object neasurenent of rice area and production, however,
reports on experinents after 1960 are not avail able (See Section 4 of this paper
for a report on BAECON s 1975 experinent). In 1955, five different sizes and
shapes of cuts were the subject of 10 trials in Sta. Rosa, Laguna, wth the
following results: 10

Square (1 sq. m) 13% over estinmation
Triangle (1 sqg. m) 15
Circle (1 sg. m) 26
Square ( 5-sgq. m) 7
Square (10-sgq. m) 3

These results discourage the use of one square neter cuts and are in
agreement with Onate' s finding that bias decreases with increasing area of t2v
cut and becones negligible for cuts approaching 4m x 4in. The square cut, which
is easier to inplenent, seens to be subject to smaller bias. On the other hand,
IRRI's 1968 study also in Laguna tends to show otherw se;? the experiment
i nvol ved 2 randomy chosen paddies -in each of 31 forms and a 5m x 5m pl ot was
randomy |l ocated in each paddy. The observations from nested plots of sizes 1 x

1, 1 x 2, ... 1 x5 2x 2, ... within the 5 x 5 plots were taken separately,
resulting in noderately |large sanples. The actual yields and areas were observed
al so. The results stop a 16 percent over- estimation by the | x | plot; all

other plots froml x 2 to 5 x 5 had an al nost constant bias of about 11 percent.

9 de Ramos, M. B. 1958. Estimating Rice Production by Using Three sampling Units. The Philippine Agriculturist
42(6). 210-221.

10 Gutierrez, J. S. 1960. Objective Yield Estimation Studies and Surveys in the Philippines. The Statistical Reporter
4(1), 1-9.

M Onate, B. T. 1970. New Findings in the Collection of Agricultural Statistics, PAO Commission on Agricultural
Statistics for Asiaand the Far East. Periodic Report No. 11.

121RRI 1968 Annua Report, p. 346.



In I ndia, which has the npst experience in crop cutting, it was found that
the bias decreases - but at a very slow rate - with increasing plot size, so
that the plot used there is about 10m x 5m ¥ 4

Finally, a BAECON pilot survey in 1956 involving 100 farns each in Nueva
Ecija and Bulacan with 3 crop-cuts (size unreported) per farm gave the foll ow ng
resul t st

Crop-cut Yield + S.D. Interview C1/C x 100%

(Cavans per hectare) Yield
Bul acan 55.73 + 5.09 42.03 25
Nueva Ecija 56.06 : T 8.5 44. 98 20

it is seen that the discrepancy cannot be accounted for by sanpling error. The
true yield nmust be somewhere between the crop-cut and interview yields. -
need nore extensive and sustai ned studies to know just where it could be.

5. In Summary:

Farmers In Laguna and sonme part in Pangasinan tend to over-report rice
area. W& need rare studies to know about the situation in other places. The
interview response errors ray be different across provinces, farm size and
tenure status.

We have sanple evidence showing that rice production is under- report in
interview surveys in Laguna. The inplication is that yield = estinmate of total
production / estimate of total area is underestimated even nore. However, we
have no basis to assune that this is also the-, case in the other provinces.

Crop-cut yield over-estimtes actual yield. Square cuts, which are sinpler
to inplement conpare favorably with other shapes bias - w se. However, other
than the fact that one square neter cuts are subject to serious bias and bigger
cuts are safer to use, we need further studies to resolve the question of crop-
cut size; for this we require estimates of relative costs, sanpling error and
bi as of different sized cuts.

I1l. The Barangay Captain as a Source of Statistical Infornmation
1. The need for auxiliary information in surveys
Auxiliary information is used in survey sanpling perhaps nore than in any

ot her Dbranch of statistics. Ideally, for instance, conplete franmes, i.e.
information on a size variable X for every unit of the target population, are

13 Sukhatme, P. V. 1947. The Problem of Plot Sizein Large-Scale Yield Surveys. Jour. of the Amer. Statist. Assoc.
42(238), 297-310.
14 Mahal anobis, P. C. and J. M Sengupta.1951. on the Size of

Sample Cuts in Crop-Cutting Experimentsin the Indian Statistical Institute: 1939-1950. Bull. Intern. Statist. Institute.
33 Part 1, 359-464.
5 cutierrez, J. S. of cit.



required for stratification and probability proportional to size sanpling.
Stratum or population neans of auxiliary variables are required in the nore
efficient estimation methods |like ratio and regression-type estimation. Faced
with insufficient background data, survey practitioners sonetinmes allocate part
of the their resources to first gather auxiliary information such as in pilot
surveys and doubl e sanpli ng.

Two mgj or reasons for having censuses every 5 or 10 years are (a) the need
for baseline data and (b) to have and to update frames for the intercensa
sanple surveys!®. The first of these is being questioned increasingly in
international quarters for reasons of costs and data processing problens
especially in developing countries and the fact that results from a census are
not guaranteed to be are accurate than those from a smaller, carefully
supervi sed, speedily processed sanple survey. Neverthel ess, perhaps because of
our zealous teaching of the central limt theorem and begin neglect of non-
sanpling errors in statistics courses, it may take decades, if ever, before we
can erase the popular belief that conplete or very high enuneration rates nust
strike nmore closely to the truth.

The second role of (agricultural) censuses is slowy fading in inportance
in countries where cadastral surveys had been avail able and where franes based
on aerial and satellite photos are being used increasingly.

In the Philippines, the agricultural censuses -had never been used as
frames for the agricultural surveys for the sinple reason that these are being
done by separate agencies and the formers results are published by nmunicipality
whereas the agricultural surveys use the barrio (barangay) as primary sanpling
unit. For seven years now, the Bureau of Agricultural Econom cs has been relying
on the barangay (barrio) captains for auxiliary information in the design of the
Integrated Agricultural Surveys (lIAS). The Bureau Barangay Screening Survey in
1971, 1974 and 1976, wherein every barangay captain in the country was
interviewed about his barangay's nunber of farm and non-farm househol ds,
carabaos, cattle, hogs, chickens, ducks, area under rice and corn, and other
crops.

So far, these BSS data have been used to construct and update frames for
the IAS, particularly in the stratification of barangays in a province by
croppi ng pattern such as according to area under rice, corn and other crops.

15 see e.g. Hathaway, D. E. and K. Bachnman, 1976. Nationa

And International Framework for Collecting, Analyzing, and Dissemnating
Agricultural Data: Sone issues and Alternatives. 1l4orkshop Paper on M ninum
Informati on Systenms for Agricultural Devel opnent in Low I ncone Countries. Oxford
Uni versity, Decenber.



How know edgeable is the captain about his own barangay? How nuch
efficiency, if any, is gained in using BSS data as auxilliary information for
stratification - al | ocati on, ratio-type estimation and regression-type
estimation? Is it advisable to rely on the barangay captain as primry source of
data (as in the case of the Patwari of India and Desal urah of |ndonesia, whose
figures are used for direct estinmation crop area)?

2. Conparison between barangay captain’s responses and household |istings.

During each round of the I|AS, the Bureau's field staff visits al
dwellings in the I AS sanpl e barangays and interviews each house- hold regarding
farm size, nunber of livestock and poultry, thereby observing at the household
| evel the sane variables as in the BSS. This operation is called the Household
Screening Survey (HSS), which is done to identify farm households from non-farm
househol ds and draw systematic sanples fromthe former. Hence, HSS results which
come from interviewers’ lists and farm househol ds' interview responses can be
used to assess the qualities of the BSS data; we conmpare here the 1976 HSS and
1976 BSS data from the seven provinces of the Ilocos region, and Bataan, BUacan
and Tarlac in Central Luzon, |owprising 894 sanple barangays.

We present in Table | the differences between BSS and HSS data in percent
of HSS values, so that positive and negative differences indicate over-reporting
and under-reporting by barangay captains, respectively. W may note that from
the standpoint of survey design, the provincial values are nore relevant since
in the AS (and other nationally conducted surveys) each province is a separate
domai n of study. It is seen that:

(a) Wth the exenption of one province, rice and corn area is over-reported by
nore than 100 percent in Ilocos and 60 percent in central Luzon. Keith area
under other crops, including tobacco in Ilocos and sugarcane in Central Luzon
the gross over-reporting suggests an alnost conplete |ack of know edge by the
barangay captains. These serious differences rule out the use of the barangay
captain for direct estimation of crop area.

(b) Household inventories - farm non-farm and total - tend to be understated
in llocos and overstated in Central Luzon, although there is no clear pattern in
error across provinces particularly with regards to the farm househol ds.

This is susprising and alarnming, considering that a priori one would think that
the barangay captain should know the nunber of families or dwelling units, if
not househol ds, in his barangay. One possible source of error here is perception
of try-, definitions of a household, farm and non-farm househol d.

(c) There are considerable errors in livestock inventories; the nade reporting
rate, when it happens, is usually small, but over-reporting tends to be gross.



(d) The number of chickens generally is under-reported, due
perhaps to the |arge nunbers per barrio - with averages of
583 in Ilocos and 684 in Central Luzon. The error is four
times higher in Central Luzon. The lack of know edge about
the inventory of ducks, a minor poultry, is worse.

The correl ations between HSS and BSS data are shown in Table 2.
As indicators of overall reliability of the latter, we should perhaps
ook at the correlations between the household counts since, as
mentioned previously, it is tenpting to assune that captains of rura
barangays who are elected public officials should be acquainted with
their constituent households. It turns out that while some correlations
are considerably high, a few are rather low with even a spattering of
negative values. Also, the correlations for palay and corn area
di ssolves close to zero in some provinces. Again, the nmany |ow and
negative values for other crops and ducks indicate that the barangay
captains are not appropriate sources of data for these variabl es.

3. BSS data as auxiliary infornmation

Stratification brings about sizable reduction in the sanpling
error of estimates if the stratification variable used correlates
substantially, either positively or negatively with the main variables
of interest. At the sanpling phase of the survey, auxilliary variables
used as size neasure in varying probability sanpling must correlate
positively with the main variables. At the estination phase, ratio
estimators are nmore efficient than sinple expansion estimators (for
| arge sanmples) if

r > 1CV(X)
Y, X 2CV(Y)

where X and Y denote the auxilliary and nmain variables, respectively.
Thus, if CV(X) @CV(Y), as when X and Y are the sane variables taken at
different tinmes or fromdifferent sources, then the criterion for using
ratio estimators is r > 1/2.

Tables 2a and 2b give the correlations between palay + corn area and
number of farm households from the BSS on the one hand, and palay +
corn area to nunber of ducks fromthe HSS on the other hand.

(e) The use of either BSS palay + corn area (as in the current
IAS), or nunmber of farm households as stratification
variable wll bring about noderate gains in precision of
palay + corn area, carabao, cattle, hogs and chicken
statistics. However, there is little or no expectation of
gain with regards to statistics on other crops, mnor
poultry like ducks and possibly mnor |livestock al so.

(f) The gains in precision with the use of rice + corn area or
nunber of farm households as size neasures in either
probability proportional to size sanpling or rati o
estimation are from negative in sone provinces to nodest at
best in others. Thus, in general, BSS data as auxilliary
i nformati on should not be used beyond stratification



4., Correlations within HSS data

How much correlation at the barangay level really exists between
agricultural variables? The answer is not nuch, with the exception of
palay + corn area and nunber of farm households, as shown in Table 4.

(g) Aside fromitself, palay + corn area correlates substantially
with farm household count and nunber of carabaos. The
nunber of farm households <correlates highly also wth
livestock and poultry counts. These suggest the use of deep
stratification, namely cropping pattern x farm household
counts, of barangays for agricultural surveys. Wth few
exceptions, ratio estimation at the barangay |evel wll not
be effective in reducing sanpling error. The use of ratio
and regression-type estimation to reduce non-sanpling
error, however, is a different issue that needs further
theoretical and enpirical investigation.

These results also highlight the need to pay particular attention
to and devel op special sanpling strategies for, crops other than rice
and corn and for mnor livestock and poultry.
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