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Abstract 

The ability of GIS to produce accurate analysis results is dependent on the accuracy and the 

resolution of the data. In many instances the resolution of census enumerator tract data is too 

coarse and therefore inefficient in conducting fine grained spatial analysis. Dasymetric techniques 

can increase the spatial resolution of data by incorporating related high resolution ancillary data 

layers allowing the primary data to be represented at finer resolutions. Areal interpolation relates 

to a geostatistical process of transferring data from one set of polygons to another. This paper 

proposes the application of a hybrid technique using dasymetric mapping and areal interpolation 

principals to overcome the issues of transferring data from arbitrary spatial units to fit for purpose 

analysis zones on demand. As a consequence the technique also overcomes the problems of coarse 

scale population data as well as issues relating to the modifiable areal unit problem (MAUP). The 

data used to illustrate the value and accuracy of the developed methodology is that of the 2011 

census population data and ESKOM’s SPOT building count. The final outcome is an algorithm 

allowing the disaggregation and aggregation of population data to any spatial unit with a high 

level of accuracy. 
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1 Introduction 

The uptake of Geographic Information Systems (GIS), advances in computing power as well as 

advances in software development has led to an increase in the use of spatial data in decision 

making. The ability of GIS to produce accurate analysis results is dependent on the data that is 

available for analysis. Having accurate geographic data at the right spatial resolution is paramount 

to analysing phenomena such as population shifts and distributions. High resolution data depicting 

people and place dynamics as close to reality as possible is paramount to inform localised policy 

and planning processes.  

Globally it has been noted that in many instances the resolution of census enumerator tract data 

is too coarse and therefore inefficient in conducting fine grained settlement level spatial analysis 
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that clearly represents the distribution of population, as it seldom clearly represents the underlying 

variation in the distribution of phenomena such as population in the areas of enumeration. The 

reason for this is that the demarcation of an enumerator area is undertaken for the purposes of 

obtaining a relevant sample and does not necessarily adhere to only populated areas. Spatial 

resolution (especially finer grained population distribution data) plays an important role for 

planning purposes in many fields. For example: accessibility analysis for facility location planning; 

location allocation modelling; spatial interaction modelling; infrastructure development; urban 

growth studies; public services; and resource allocation optimization (Yao Yao et al., 2017, Barrozo 

et al., 2016, Green et al., 2012, Mennis and Hultgren, 2005; Páez and Scott, 2004).  

In South Africa the population census is conducted by the national statistics agency, Statistics 

South Africa (StatsSA). This census data is collected using varying (area) sized enumeration areas 

(EAs) which are fundamentally discrete work units for enumerators during the census and generally 

comprise between 100 and 250 households (Mokhele et al., 2016). The fundamental principle for 

this sub-division is that an “EA should be within reach of a fieldworker and all households in that 

EA must be covered within the allocated number of days” (StatsSA, 2011). Therefore one can 

conclude that it is created for logistical reasons. After enumeration, the results are aggregated and 

made available to the public at demarcations that decrease the spatial resolution of the data for 

confidentiality reasons. 

 In the case of the StatsSA data, EAs are the foundation of sub-places which can be aggregated 

into bigger zones known as main-places, then into local municipalities, districts and provinces (The 

HDA, 2013). Having data in these particular spatial units creates issues when this data needs to be 

used in advanced spatial analysis procedures where different spatial units may be more appropriate. 

For example, the use of hexagons when conducting geographical accessibility analysis. The reason 

for using hexagons for such analysis is that the units can nest to create a continuous surface, while 

being fairly isotropic; that is having the least variation in the internal distances or direction from the 

centroid (Mokgalaka et al., 2014). Advanced spatial analysis techniques need to be employed in 

order to overcome the above problems. Dasymetric mapping and areal interpolation are two such 

techniques.  

This paper proposes the application of a combination of dasymetric mapping and areal 

interpolation techniques to overcome the issues of coarse scale population data. The proposed 

methodology provides one with the capability to transfer spatial data from arbitrary units to fit for 

purpose units seamlessly and accurately. By default this technique then also empowers the user to 

negotiate the age old foe, the modifiable areal unit problem (MAUP). The MAUP is “a problem 

arising from the imposition of artificial units of spatial reporting on continuous geographical 

phenomena resulting in the generation of artificial spatial patterns” (Heywood, 1988). Thus, there is 

a level of generalisation when you put an arbitrary boundary over a continuous dataset. How the 

boundary is defined will thus influence the subsequent results of any analysis.  
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2 Literature Review 

As mentioned in the introduction, population data in South Africa is collected by Statistics South 

Africa (StatsSA) and the 2011 Census results are disseminated to the public using their SuperWEB 

or SuperCROSS software. The introduction outlined the challenges created by the method of 

enumeration and the subsequent upward aggregation of the data according to administrative 

boundaries.  

To ensure confidentiality, the 2011 census was not released at the EA-level, but was aggregated 

to what StatsSA calls the small area layer (SALs) and from there followed the upward aggregation 

to Sub Places (SPs), Main Places (MPs), Local Municipalities (LMs) and higher administrative 

units. The SAL is “a spatial layer that corresponds as much as possible to the EA layer, but within 

confidentiality limits” (Verhof and Grobbelaar, 2005 pp.1); the SP “was created by combining all 

EAs with a population of less than 500 with adjacent EAs within the same sub-place” (StatsSA, 

2017). The 2011 data was also released per ward. It must be noted that the wards do not align with 

the SPs or MPs, but nest into the LMs and upward administrative boundaries. Wards are delimited 

to be roughly equal in size in terms of registered voters in each ward; their purpose is to assign 

voters to various geographic areas which periodically change as a result of population shifts 

(Kanyane, 2016).  

All of these data zones mentioned above are created to be ‘fit for purpose’, that is to be used for 

logistical (wards and EAs), reporting (SPs and MPs) and administrative (LMs and higher order 

administrative units) purposes. Although appropriate with regards to what they are intended for, as 

they all adhere and nest into municipal and provincial boundaries which are created for 

administrative purposes, they however make settlement or neighbourhood level population analyses 

difficult. These polygonal units portray an inaccurate notion of homogenous population distribution 

and density that may lead to analytical and cartographic problems (Barrozo et al., 2016 and 

Weichselbaum et al., 2005) such as attributing population to uninhabited or uninhabitable areas. 

They also make it difficult to create customized analysis units for specific analyses that may need 

data at finer scales than what is available. 

Figure 1 is a representation of this issue; part A showing the real world scenario in terms of the 

distribution of households in relation to natural features in an enumeration area; and part B of the 

figure illustrating how the population would be represented in an EA dataset. There are clear areas 

that are not inhabited such as those of the water body and forest areas, as well as a clear non-

uniform distribution of the population settlement; however, the data is represented as a homogenous 

areal spatial unit. This makes it necessary to employ techniques that can better represent the real 

distribution of population within these zones.  
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Figure 1: Graphical representation of real world vs population data representation in EA data 

2.1 Dasymetric Mapping and Areal Interpolation 

A dasymetric map is the result of a procedure applied to a spatial dataset for which the 

underlying statistical surface is unknown, but for which the aggregate data already exists. A 

dasymetric map involves transforming data from the arbitrary zones of the aggregate dataset to 

recover (or try to recover) and depict the underlying statistical surface. The aggregate dataset’s 

demarcation is however not based on variation in the underlying statistical surface, but rather relates 

to the convenience of enumeration (Eicher and Brewer, 2001 and Mennis and Hultgren, 2005). This 

transformation process incorporates the use of an ancillary dataset that is separate from, but related 

to, the variation in the statistical surface (Eicher and Brewer, 2001). Dasymetric mapping has a 

close relationship with areal interpolation, which is a process of transforming data from a set of 

source zones to a set of target zones with different geometry (Bloom et al., 1996 and Fisher and 

Langford, 1995 and Goodchild and Lam, 1980).  

It is imperative for dasymetric mapping to have an appropriate ancillary dataset that depicts the 

underlying statistical surface of the area under investigation in order to disaggregate the data 

accurately. Datasets such as a building count (a points’ dataset) would significantly enhance the 

accuracy, as (if classified) these building points can act as a proxy for human settlements. That is, 

building or household points in that dataset would not be found in areas that are inhabitable such as 

cliffs, roads, mines, waterbodies and the like, as well as offering the ability to exclude those points 

which are not residential or commercial.  

Areal interpolation is an areal weighting procedure and does not take ancillary sources into 

consideration when the spatial distribution of data is refined. Many areal interpolation methods can 

be incorporated into dasymetric mapping methods to improve the detail of a choropleth map below 

the level of the enumeration unit (Fisher and Langford, 1995 and Hay et al., 2005). In the examples 

taken from the literature, a dasymetric map is the result of intersecting polygon layers which predict 

where the actual concentration of variability would be within the data source layer (Eicher and 

Brewer, 2001). 

The question is thus: how can we move from arbitrary zones to relevant analysis zones as 

accurately as possible using a combination of these two spatial analysis techniques? 
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3 Methodology and Data 

As mentioned earlier this paper proposes the use of dasymetric mapping and areal interpolation 

techniques to disaggregate and re-aggregate population data into desired analysis units in order to 

undertake several analyses relating to population distribution and overcome the MAUP in the 

process. It is proposed to move away from a polygon based dataset which does not represent the 

underlying statistical surface to a point dataset by using the Spot Building Count (SBC) data as an 

ancillary source.  

The SBC was originally produced by the CSIR and Eskom in 2008 and is a geo-referenced 

building frame developed using SPOT satellite imagery. The dataset has subsequently been 

maintained and updated by ESKOM. The inventory concerned contains all classifiable building 

structures within the borders of South Africa (Breytenbach, 2010).  

The thinking behind using the SBC as an ancillary dataset is that each point represents a 

potential household; however a generic ‘household size’ cannot be applied equally to all points in 

the country as these points are situated in areas with differing household sizes and not all the points 

represent inhabited structures. These points therefore needed to be classified in order to assign the 

necessary weight to each point representing the potential number of people who will be occupying 

that structure. The way in which this was done was by assigning the average household size, of the 

sub-place the point is situated in, to that point. A four-step hierarchical classification approach (a 

process of elimination) was followed in order to classify the points dataset in more detail in order to 

differentiate between points representing inhabited versus uninhabited buildings. This process 

involved: 

• Identifying new growth areas, thus points representing buildings which are most likely 

residential due to the morphology and proximity to existing residential areas, but which 

were not present in the census year from which the household sizes were inherited 

• As part of the new growth areas, differentiation between most likely informal dwelling 

structures versus formal dwelling structures also based on the morphology of the 

‘settlement’ observable from the continuous form of a cluster of points 

• Differentiation between points of structures being used for commercial or industrial 

purposes based on the underlying land use 

• Identifying points in commercial farming and other sparsely populated areas where the use 

of buildings clustered together can vary significantly from one building to the next, e.g. a 

house and barn on a commercial farm. 

For a more detailed discussion on the classification of the points please refer to Mans (2011), but 

it would suffice to say that the classification process was critical to ensure that points do not give a 

skewed representation of the actual distribution of population. 
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This makes it a novel approach from a dasymetric principle point of view. The argument is that 

the classified SBC-points are an accurate ancillary source for human activity and therefore for other 

socio-economic and population related activities. The inverse of the argument is that it is unlikely 

that socio-economic activity will be found where there is not any type of building present, whether 

formal or informal (Mans 2011).  

The method will be presented through algorithms in a two-step process that has a number of sub 

sets of step-wise processes. The first process is the disaggregation of the data, and the second 

process is the re-aggregation of the data into new analysis zones.  

 

3.1 Data 

The datasets used to undertake the initial disaggregation process are: 

• The original census tract data, using the sub-place as the unit in which the data is obtained in 

this instance (source: StatsSA Census 2011 interactive data in SuperCross and Demarcation 

Board) 

• Updated Spot Building Count (original source: ESKOM) 

3.2 Input 

 number of original census tract data (e.g. sub-places) 

 number of newly tessellated zones (e.g. grid or mesozones) 

Number of the set of the ancillary dataset depicting the underlying statistical surface (e.g. SBC 

points) 

In the following example: 

•  be the set of population totals per the census tract data, (n sub-places) 

• Let S = be South Africa split into  e.g. sub-places 

•  be the weight representing the potential household size of each point 

In the first part of this process the following algorithms represent the process. Process 1– step 1 is 

expressed as:  

 

Let Λ be the set consisting of elements ,.. .., ,..Sn (represented by ) given that the 

union for all  (represented by ) is P which is the total number of points. This simply 

represents a spatial join, where each point then gets the unique identifier for the sub-place that it 

falls within. 

Process 1– step 2 is expressed as: 

[1] 

[2] 
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All the weights (  per sub-place  are summed to give the sum of weights ) being an 

element of . This represents the sum of weights of the points belonging to each sub-place. 

Process 1– step 3 is expressed as; 

 

Let  be the set consisting of elements  with  being the set consisting of elements  

given that  is equal to  for all  in each sub-place (  as calculated in step 5. This equation 

represents the division of the weight of each point belonging to that sub-place by the sum of 

weights in that sub-place. 

Process 1– step 4 is expressed as; 

 

Where  is the set consisting of elements  given that  is the multiplication / product of  

( and total population of the sub-place (  ) for all  in . In essence this 

process then multiplies the proportional contribution of each point with the population of the sub-

place that the point belongs to; therefore, redistributing the population per sub-place proportionally 

to the points inside the sub-place based on the relative weight of the point, producing the population 

per point.  

This first process then produces a set of points with the potential household size of each point. 

The next process then transfers the point’s data to a new demarcation. For that reason Process 2– 

step 1 is expressed as;  

 

 is the set of elements consisting of the new tessellations / desired analysis units (e.g. grid or 

mesozone tessellation of South Africa represented by ) given that the union of all new 

tessellations (  is the set of the total number of weighted population points ( ). Hence 

linking or spatially joining the points to the new tessellation or analysis unit and thereby 

transferring the unique identifier of the new analysis unit it falls inside of. 

And finally Process 2– step 2 is expressed as; 

 

Thus, summing the population per point for the new polygon a group of points belong to. 

Where,  represents the set of elements  given that  is the sum for all of the weighted 

population per point (  in  in the new tessellation (e.g. the grid or mesozones).  

[3] 

[4] 

[5] 

[6] 
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Undertaking this method allows for the distribution of census population data to be better 

represented within the data zones, this will be presented in the next section.  

4 Results 

In short, the process discussed above produces a points’ dataset with a potential population size 

assigned to each point. These points can now be linked to any demarcation seamlessly, whilst 

representing the underlying statistical service accurately, and then summed per unit for the new 

demarcation.  

Using the set of points that has been produced through the above method (where the original 

population data that was used was originally on a sub-place level), the disaggregation result can be 

compared to the population in a ward. The reason for using a ward is that wards are populated with 

the same census year’s population data, but the extent of a ward is completely different to that of a 

SP, thus, SPs do not nest into wards. If the SP data is used as the main data source, and the SP data 

is disaggregate it to the points; and sum of  the points’ based population compares to the original 

population StatsSA assigned to the ward based on the original source, it illustrates that the ancillary 

dataset is an accurate representation of the underlying statistical surface. 

The example used to illustrate this output is of ward 7 (2011 ward boundaries) of the Ratlou 

Local Municipality in the North West province, an area known as the Madibogo Pan. This ward had 

a population of 8 014 (StatsSA Census SuperCross data) in 2011 and is 90km2 in area. The 

dominant land cover in this ward is low to medium subsistence cultivation, shrub land and settled 

villages (Geoterra Image, 2015).  

Figure 2A shows Ward 7 and the land cover (LC). It is clear that in this ward there are two 

distinct villages with the dominant one to the south east and a smaller one to the north west of the 

ward. Figure 2B is the land cover with the SBC points overlaid on it. It shows that points 

correspond strongly with the urban village class. In a regular ward level choropleth map showing 

ward population in this region, this intra ward variation of population distinction would not be 

visible, instead population would be represented using a mono-colour polygon. 

 
Figure 2: Land Cover of Madibogo Pan 

A B 
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After undertaking the method described in the previous section, a 30mx30m (900m2, at the same 

resolution as the LC layer) grid was created for the ward (see figure 3 below).  

 

 

 

Figure 3: Illustration of Madibogo Pan with LC and grid created overlaid 

The SBC points that now have the population attributed to it were joined to the grid and the 

population per point was summed per grid cell producing a grid that had population transferred 

from the points dataset. Only grid cells that cover areas with population are populated whilst those 

that do not have any SBC building points (such as those that are classified as not being in one of the 

urban village categories) are not. This procedure produced a grid showing the population 

distribution. Figure 4 graphically demonstrates the result of this process. 

 

 
Figure 4: Population Distribution in Madibogo Pan 

Figure 4A shows the population distribution as per the grid overlaid on the LC set to 50% 

transparency to emphasise the population distribution in the grid. Figure 4B shows the population 

grid without the LC layer in order to clearly indicate the areas that have population and those that 

do not, this shows the internal variation and distribution of population within the ward.  

A B 
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After undertaking the proposed method; the total population in the ward was calculated to be 

8 019; a discrepancy of 5 people or 0.05% between the original ward population as per StatsSA and 

the redistributed population which originated from the sub-place dataset. It important to note here 

that (as mentioned earlier in the paper) the boundaries for wards and sub-places do not align and 

that sub-places do not nest into ward boundaries. 

This process can be replicated at a larger scale or used to create custom, fit for purpose 

tessellations with a relatively accurate population distribution, better depicting the settlement in an 

area. By being able to disaggregate and aggregate the population in this fashion it also overcomes 

the problems associated with the MAUP by default. 

5 Limitations 

For an accurate result, this method can only be undertaken when data is available on scales 

below municipal level. As community surveys (such as the 2016 community survey) do not offer 

data at scales such as sub place level, a process such as this can only be undertaken following the 

dissemination of data from the census which is conducted every 5 to 10 years in South Africa.  

6  Application of Results 

This methodology has been applied over a long period to a range of research projects analysing 

data ranging from local to regional and national scales. It has been fundamentally used to develop 

customised and project specific analysis units that best suit the research question.  

For example at a local level it has been used in a range of analyses to test for geographic access 

levels. As part of a project for the Department of Public Service and Administration it was used to 

test for geographic access levels to government service points in the municipalities of eThekwini 

and Johannesburg to evaluate how best to address the provision of social services facilities within 

the metropolitan areas and identified facility backlogs where applicable (Green et al., 2012). In the 

project this method was utilised to create a customised population based service demand profile in 

the form of a hexagonal grid from which population distribution and access to facilities was 

calculated. The results of the project produced multi-departmental integrated facility plans which 

covered facilities from all three tiers of government in each of the metropolitan areas and thereby 

supporting the goals of more equitable and affordable access to a range of services in all parts of the 

selected cities and the clustering of facilities (Green et al., 2012).  

At a national level, this method has recently been used to generate population profiles for a 

customised national set of catchment areas as part of a research project for the Department of Rural 

Development and Land Reform. This projects aim was to create differentiated norms and standards 

for social facility provision in rural areas. The approach taken was to create and then profile a set of 

functional service catchment areas. These profiles could then be linked to a defined minimum 

basket of services for each level of catchment for a full spectrum of services.  
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As these catchments did not align to any administrative boundaries apart from the provincial 

boundaries; the process of disaggregating the population using dasyametric principals referred to 

earlier had to be employed to then allocate population to the catchment areas (DRDLR, 2016).  

The principal demonstrates how the proposed method in this paper was used to create a 

customised analysis unit for particular analysis at a national level (DRDLR, 2016).  

7 Conclusions 

Improvements in GIS and spatial analysis methods have permitted increased sophistication and 

accuracy of geospatial studies that may have enormous impacts on how spatial information and data 

can be studied. However; the ability of GIS to do this is fundamentally dependent on the available 

data for analysis. The increased spatial resolution of datasets, in this case population data, can lead 

to producing better plans to inform policies and decisions that impact the lives of the people in 

South Africa. 

The problem presented by having coarse population data (collected at different and coarse 

resolutions) is that it impedes the ability to conduct settlement level analyses. Knowing the internal 

variations of the distribution of population is an important input to plans. These plans could be very 

local or require analyses that transcend administrative boundaries or predefined reporting zones; 

overcome issues presented by frequent boundary shifts; as well as those that offer the ability to 

create appropriate and/or standardised analyses units that offer a view of subtle changes in 

population differences. 

This paper has presented the application of a hybrid technique of dasymetric mapping and areal 

interpolation in the South African context and shown how it can be applied in order to represent this 

data at finer scales than currently readily available. This technique can be applied to data for a wide 

range of research applications to offer finer or refined scaled population data that can be applied at 

different scales thereby overcoming the problems that occur when data is not available at suitable 

resolution.  

The next step in this research is to apply this technique to different temporal datasets that will 

allow for temporal spatial data alignment in order to analyse trends at fine scales and then using 

those outputs to inform policy at local, regional or national scales. 
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