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Abstract

As part of a simulation model of the food system of a district in Zimbabwe, a database of households has
been created to mimic the extant population. The methodology adopted combines census data with survey
data from a 1% sample of households in selected wards. In many developing countries disaggregated data at
a tocal seale are rarely available from governmeni statistical services. Typically, published census reports
summarise data collected at district level, with only limited demographic information for the constituent
wards. As dynamic simulation models are developed to represent local socio-economies, such as the carrent
model for the district of Buhera in Zimbabwe, they require to be populated with households fitting as closely
as possible the profile of the ‘real’ households, taking proper account of spatial variability across the district.
This paper reporis the development of a methodology that uses varfous statistical techniques to extrapolate
household attributes from a small sample, using the demographics of the census as the target numbers of
households for each ward within the district. The wards were characterised based on agricultural and census
data. Standardised multi-dimensional distances were calculated using these characteristics and used to
identify the survey ward that was most similar to each of the unsurveyed wards. A population was then
extrapolated on a ward by ward basis from the households in the matched survey ward. Because few if any
of the household attributes are independent, this extrapolation characterises household data as a series of
multivariate normal distributions for each survey ward, from which data for the required number of
households can be drawn. The methodology, including both the statistical technigues used and computer
algorithms employed are described. The various sources of data, the census and the household survey, are
also cutlined.

1 INTRODUCTION communities. Hay [1994] suggests that food
1.1 Purpose availability, both in terms of quantity and quality,

' is mediated by a fierarchy of relationships -
This paper is concerned with the setting up of a households within communities, communities
database of approximately 40,000 households and within couniries, couniries within the world at
their related agricultural resources and socio- large. Tomkins and Watson [1988] emphasise that
economic data, The database forms part of an the underlying cause of poor nutritional status is
agent-hased model that simulates the effects of the interaction of disease and poor care with the
changes in the food system upon nutritional effects of reduced food access at household level
status. The model gives a view of food security at Tomkins and Watson describe this as the
a local level, for a single district of Zimbabwe. malnutrition-infection complex. Thus, varlability

in the spatial and temporal fevels of malautrition

requires an examination of the factors that
1.2 Food Security inflnence food access and health at househoid
- e . . U level, rather than more limited analysis of supply
Food Seeurity i developing countries —is side  wvariables. Maxwell and Frankenhurger
recognised as the resuit of the interaciion of [1992] observe fhat by the end of the 1980's the
various - economic, environmental and healin focus had shifted from nationa!l and global food

g Co . o
ié?ﬂ.m' h.t oupl'e(;}. Wﬁjlb iihe Ciﬁipleg l dsocm.d. supplies to questions of access fo food at
relationships within and between Rouseholds an househaold and individual levels,
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1.3 Simulation Model of the Food and

Nutrition System

This interaction of reduced food access with
disease and poor care is the fundamental
mechanism embodied within a simulation model
of the food and nutrition system developed, as
part of a collaborative African-European research
project, for the Buhera District of Zimbabwe.
This concept of nutritional security is similar to
that attributed (o UNICEF in Maxwell &
Frankenberger [ibid]. Data collection for the
research project comprised a field survey and the
extraction of numerous secondary data sets. The
househotd resousces and i are
derived from a combination of the field survey
data and census, agricultural and health statistics.
The field survey comprised muiti-round
anthropomelry and household guestionnaires.
The development of the simulation model was
reported previously by Gundry et al. [1997]. In
brief, however, the model comprises a database
that mimics the population of the study district as
closely as possible, with one record for each of
approximately 40,000 households thus treating
each household as an imdividual ‘agent’. Each
simulation processes all 40,000 househoid records
in ten-day time steps, throughout an agricultural
year. Localised rainfall is simulated from
meteorological data and input to a simple crop
growth component of the model. Household
response to these changes is modelied from a rule
base that takes account of location and seasom.
Changes in levels of grain, cash, other assets and
disease initiate interactions with other households.
Imbalances of demand and supply at ward level
are satisfied through an inter-ward trading
mechanism, transferring grain across the district.
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2.
2.1 Buhera District

Data

Buhera District lies two hundred kilometres south
of Harare in the province of Manicaland. It
straddles the three least productive of the five
agroecological zones of Zimbabwe. The southern
part of Buhera falls under zone V where rainfali
levels are low and the lands unproductive. The
quality of land improves northwards so that the
northern third of the district, falling under zone
I, is generally feod self-sufficient in aggregate.
The interior of the district is served by a poorly
maintained road system. The 1982 census
published by the Central Statistics Office (CSO)
11994} indicated that 62% of the district’s
predominantly rural population were living in
traditional housing and that 57% were using
unsafe water sources. These indicators put
Buhera amongst the poorest districts in
Zimbabwe.
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2.2 Household Survey

As part of a survey of Buhera District. 354
households in ten wards were interviewed during
the 1994/1995 agricultural season. Figure 1 shows
the ward boundaries for Buhera, overlaid with the
agroecological zones. For more details about the
sampling plan adopted, see Wright {1998].

Zone

Figure 1 Buhera District, Zimbabwe — household
Survey

Households in each of the ten wards were
interviewed at three points during the year,
covering the following subject areas: location,
demography, environment, agriculture, food and
income/expenditure. Al members of the
household were measured for height and weight.
Data for the sample, including anthropomelric
data and the socio-economic attributes and
resources of the households have been extracied
and grouped under appropriate headings.

2.3 Secondary data

Secondary data collection comprised ward and
district level data covering administrative
boundaries, environmental variables (rainfall,
temperature}, natural resources {forests, rivers,
lakes, terrain), infrastructure (roads, transport
availability, markets, potable water supplies},
agriculture {crops and iivestock) and health
statistics {morbidity, mortality, growth monitoring
data, healthcare availability). The maost recent
census is for 1992, with national summaries and
more deiailed provincial profiles published by
CSO [1992]. The provincial prefiles disaggregate
data to ward level, within each district of the
province. Household level data is not made
available for reasons of confidentiality.

3. Methods

3.1 Overview

The flow diagram in Figure 2 shows the principal
elements of the procedure employed.



3.2 Characterising Wards

Seventeen variables were used characterise all the
wards in Buhera. These variables were chosen
because they represented the best proxies from
secondary data for the more detailed household
variables required. The values for each ward are
shown in table 1 (see Appendix A}, Two wards,
numbered 35 and 38, are the wban wards
Murambinda and Dorowa. Their characteristics
are noticeably different to the remainder of the
wards, all of which are rural. These two urban
wards were therefore excluded from the matching
process and from the first implementation of the
simulation model.

3.3 Cluster Analysis

The variabtes have been used in a cluster analysis
to group together the unsurveyed wards with
those survey wards ‘most closely matching’. This
closeness of match is the squared EFuclidean
distance between wards in n-dimensional space,
for the given n characteristics. It is calculated as
the sum of the sguared differences between the
values for each of the n characteristics for the two
wards whose closeness is being measured, It is
thus important for each variable to have a
common scale, so that artificial weights are not
introduced when the closeness is calculated. Each
of the sevenieen variables was therefore
standardised prior to clustering. The statistical
procedure adopted was k-means clustering, a
subset of cluster analysis, which allows the user
o specify not only the number of clusters
required from the analysis, but also the initial
locations of the cluster centres. The locations in
seventeen dimensions of each of the 34 wards,
unsurveyed and surveyed, are then input to the
procedure.  The algorithm then matches each
ward to the closest cluster centre. At this point
each cluster has at least one ward (the surveyed
ward used as its cenire), and any unsurveyed
wards located nearest thereto. The algorithm then
recomputes the cluster centres, which will have
moved from the initial position specified to the
centrofd of the locailons of all the wards
comprising that cluster. It then repeats the
matching part of ihe algorithm and recomputes
the cluster centres, which will only change if
wards are now closer to a revised cluster cenire
than to the original position. This iteration
continues until a stable cluster set is achieved,
Once a stable cluster set is achieved, the cluster
membership is reported.

3.4 Data BExtrapolation

The mode! is populated on a one-for-one basis for
each level of the hierarchy:  district,
agroecological zones, wards and households.
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Thus, the number of households in each ward, as
per the 1992 census, is assumed to be the required
number of simulated households. The household
database tables are: Socio-ecomomic  static
variables and five tables of dynamic variables
People, Livestock, Crops, Food and consumption
and Cash.

Before the data were extrapolated, it was
necessary to apalyse the household data and
compute the mean and standard deviation for each
of the 51 variabies, for each of the 10 surveyed
wards.  Independent extrapolation from each
variable was not appropriate as the variables are
known to show substantial correlation. In
addition, therefore, a covariance matrix was
created for each surveyed ward. A Fortran
computer program was writien to extrapoiate the
required number of households’ data, from an
input file of descriptors: correlations, standard
deviations and means. The exirapolation program
produces an output file in text format, which was
then converted (o the database format used in the
simulation model {Microsoft Access),

4, Results

4.1 Matching Surveyed
Wards

Using cluster analysis to match the surveyed and
unsurveyed wards, required that the 34 wards
were grouped info ten clusters, one cluster per
surveyed ward. To achieve this, the locations of
the initial cluster centres were set to correspond to
the wvalues of the standardised characteristic
varizbles for each of the surveyed wards. The
clustering algorithm then iterates until a stable
cluster set is reached. Table 2 shows the ten final
clusters and the wards included within each
cluster. Each cluster has one surveyed ward and
between zero and six additional, unsurveyed
wards. Thus, each unsurveyed ward is effectively
‘matched’ to a surveyed ward by cluster
membership, It will be noted in table 2 that the
reported clusters appear to be well defined by the
agroecological zone variable, despite its exclusion
as a characterising variable in the cluster analysis,
This lends support to the use of agroecological
zone in the sample stratification and the use of
these zones as separate hierarchical levels in the
simulation model.

and Unsurveyved

The statistical package used by the authors also
provides a post-processing ANOVA report of the
clusters. This is shown in table 3. It is a one way
analysis of variance which shows the between-
cluster mean square in column 2 and the within-
claster mean square in column 4. The ratio of
these two mean squares is the usual ANOVA F
statistic.  {The significance lfevels reported in



column 7 should be ignored.) It can be seen from
table 3 that the characteristics of DEPENDCY,
SEXRATIO and SANITIND differ most across
the ten clusters, with small differences for
PRWATER, AGEHH, ACCWATER and
SIZEHHLD. The ather ten characteristics show
intermediate levels of difference across clusters.

Cluster  Surveyed !  Unsirveyed TOTAL
1 \Wards FAE - ) 2
Agfores 3 3. T
2 Wards S L3 0mn, e 3
o Aegones 3 33 7
3 Wards 5 4.7 812 5
Aglones 3 o3 33T
4 Wards 17 1314 2122 23 3B 7
AgZones I 4.4 4 4.4 4 2
5 Wards 18 1.1’ 3 LA
L Aglores 43 44 L2
6 Wads 20 . 6.8 10 4
””..AQIZ;OHE'S' 4 3 ; 3 3 = 2
T . Wads 24 26 31 3
T agZones 4 a5 z
5 Wads S S SR A
Lo AgZomes st 7
9  \Wards 32 - 28:10 33 4
Agfones 5 515 5 7
0 Wards ¥ : ol
LAgiones 4 T

Table 2. Cluster Membership

4.2 Extrapolating Household Data

The extrapoelation program was run for each of the
34 wards, using the appropriate source data file
i.e. the three descriptors for each variable ia the
frousehold sample data of the matched surveyed
ward.

The results reported herein have assumed that
ward characteristics are normally distributed and
are unweighted by the sample frame used. [t
seems clear that neither of these assumptions are
likely to be valid, although the lmplications for
changing the weights used in the cluster analysis
are currenily being investigated. Possibly of
greater concern is the assumption of normality of
the household survey data used in  the
extrapolation. Some of these data are known to
exhibit marked skewness and the categorical and
bootean variables are obviously not normally
distributed. Possible procedures such as
transformation of the distributions prior to
extrapolation could be used io mitigate the
problem. In particular, for the boclean variables
the following method may offer an improvement:
{1} Tabulate all possible combinations of O/1 for
the boolean variables and from the data calculate
the probability of their occurring for each ward;
{2} For each combination, calculate the
parameters of the multivariate normal distribution
for the other variables for each ward (this is the
distribution of all the other variables conditional
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on 2 given combination of the binary variables);
(3) Simulate by generating a set of values for the
binary variables using the relevant probabilities,
then generate the other variables from the relevant
conditional distribution. This procedure could
easily be extended {0 veriables with more than
two categories and is currently being evaluated,
together with various transformation routines for
the non-boolean, non-categoric data.

5. DISCUSSION AND CONCLUSIONS

Where government resoufces are constrained,
developing countries’ statistical services are often
less robust than those of the OECD countries. T
is suggested that the lack of availability of
tocalised househoid data, as experienced during
this research in Zimbabwe, is likely to be repeated
in many couniries in Africa and other
disadvantaged regions. Sacio-economic,
environmental and agricultural data are often
restricted  either to small field surveys with
different sample frames or o secondary data that
has been aggregated at levels above that which is
being studied.

ariable Cluster Esror F Sig.
Mean Sqf df [Mean Sq df

ICCHLTH 2.341% g 497 24 14,709 .00
IWCCWATR 2.017 4 5193 24 | 3.262 010
ALEHH 1.955 i 542 24 | 3.047 .914
N 2,451 9 4452 24 1 5,441 000
DEPENDOY | 3009 | 9 247 | 24 [12.267 000
DISTMKT 2,571 3 AT 24 | 5.25% 000,
FEMALEHH | 2668 | 9 P51 241 701283 009
FUELWOOD; 2694 3 365 24§ 7.3881 000
HOUSGINDG | 27687 9 338 24 ¢ §.1980 000
PAAJZEFPN [ 2798 | 9 326t 24 8684 000
MONAGING | 7,432 1 5 A83 1 241 5256 .001
POPNDENS | 2.549 1 § 419 1241 5.085 000
PRWATER 682 18 744 24 1 2.260 054
SANITIND 2883 {9 288 | 24 110.049) 800
SEPRMS 2,430 § 3 441 24 1 5.644 .00G
SEARATIO | 2850 | 9 265 124 111,178 .600
SIZEHHLD 2035 | 9 812 | 24 | 3.325] .009

Table 3. Showing ANOVA for Cluster Analysis

Simulation moedelliing has  hisiorically  used
aggregate data or small representative samples to
enable results o be produced within realistic
processing times., With the increasing power of
personal compuiers, the data used in simulations
can now be increased and modelling low level
processes directly can incorporate the random
effects seen in complex systems. This can be
achieved by several methods. The authors have
coliaboraied to produce 2 simulation model that
uses expert rules to execule behaviour at various
levels in the socio-economic hierarchy. Other
authors report the development of agent based



modelling approaches, the most well known of
which, in academic areas, is Swarm - see Minar,
Burkhart, Langton, & Askenazi [1998].

The procedure outiined herein offers a systematic
solution to this difficulty by using secondary data
to show how a small number of surveyed areas
can be related to unsurveyed areas by a process of
modified cluster analysis. From this maiching
process siraightforward statistical techniques can
be employed to extrapolate the sample data for
the matched, unsurveyed wards.
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