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Abstract

Census and other socio-economic survey data collected at household and settlement
level are aggregated and results are presented for specific administrative units.
The wide and increasing availability of census and socio-economic data, tools
like GIS with an ease to use and advances in methodology has allowed increasing
and refined GIS mapping of census variables. However, it is less emphasized
that the result of analysis and presentation is always dependent on the unit of
analysis. Data aggregation, choice of data classification method and spatial
scale all have effect on mapping result. When administrative boundaries are
restructured, it necessitates the aggregation of census data of one administrative
level to another. In this context, the current paper explores the scale and zoning
effect (changing boundary, changing number of units and data aggregation) on
mapping census data. It explores the effect of four data classification methods at
two spatial scales. Secondary data sources like local administrative boundary of
Bajhang district and economically active population in agriculture is selected as
representative census variable for mapping. GI1S tool is applied for data mapping
and analysis. The study found the higher calculated correlation value (0.88) for
the restructured spatial units. The distribution of number of spatial units varied
significantly between four data classification methods while plotted against the
old boundary but there was not much variation in case of newly restructured
boundary. The study found that zoning particularly, from smaller to larger units
has blurred the spatial pattern visualization leading to a loss of the preferential
information. The study concludes that the restructuring of administrative
boundaries into larger unit has simplified the detail for spatial representation and
has introduced additional generalization. For policy level analysis, use of data
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available at one level of the spatial unit when aggregated to higher level should
be analyzed carefully using different data classification methods and visualization
tools because scaled spatial representation matters in planning and policy aspect.
1t is meaningful to analyze data at different spatial scale to visualize and identify
spatial variation.

DOI: http://dx.doi.org/10.3126/gin.v12i1.23413

Keywords: modifiable areal unit problem, boundary restructuring, data
classification, spatial pattern

Introduction

Census and other socio-economic survey data collected at household and settlement level
are aggregated and results are presented for specific administrative units. These data
are utilized by various organizations for project planning, policy implementation and
research purposes. The use and usefulness of census and other socio-economic survey
data is well documented (Fox, 2010).The division of administrative units into sub units
is important for policy and project planning and implementation activities. In order to
analyze and evaluate existing development activities and plan for future, aggregated
data needs to be integrated in such a manner that, data can be used at different spatial
and temporal scales (Cheng, Turkstrab, Pengc, Dud & Ho, 2006).Yet, integration of
data at spatial scale can be difficult if the spatial boundaries are incompatible between
different censuses. Long term comparative analysis of administrative unit is difficult
because boundaries are restructured (Wall, 2008).

The wide and increasing availability of socio-economic, census and ecological data
in aggregated form, tools like GIS with an ease to use and advances in statistical
methodology has allowed a more refined analysis (Wakefield & Lyons, 2010). A
map is one of the most common methods of spatial representation of census data
(National Research Council, 1997).1t is also one of the common tools for planning and
decision making in the development context such as identifying spatial variation in
poverty, analyzing accessibility or identifying a suitable area for specific development
intervention (Jelinski & Wu, 1996; Wong, 2003; Bell & Schuuman, 2010).However, the
result of analysis and presentation is always dependent on the unit of analysis either it
is an arbitrary unit like a spatial grid or existing spatial unit like an administrative or
political boundary. Analysis and presentation results evident at one level of spatial unit
changes with different spatial zoning and the sensitivity of the results to the definition of
a spatial unit of analysis is one of the well-known methodological issues (Paez & Scott,
2005). This is referred to as modifiable areal unit problem (MAUP), the methodological
issue described by Gehlke and Biehl(1934) and the term first introduced by Openshaw
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and Taylor(1979).Two important features of MAUP are Scale effect and Zoning effect.
Scale effect refers to the effect on the result when the same data are organized and
analyzed into different spatial scale. Zoning effect on the other is the effect on the result
of the analysis when the same spatial extent is subdivided differently (Wong, 2009).
Not related to MAUP, but equally important is the effect of applying different data
classification methods while GIS mapping.

Issues related to effect of scale and aggregation zones on mapping are not emphasized
and analyzed though it is very important (Openshaw, 1996) and spatial analysis is
performed with very less regard for the basic spatial representation issue which may
impact the policy and planning decisions. Geographers have ignored the importance of
spatial representation in analyzing and describing socio-economic data and the effect
of scale and zoning (Openshaw & Alvanides, 2005). A spatial level which is chosen for
describing a phenomenon or representation plays the role of a filter and is very important
from a policy and planning perspective (Veldhuizen & Pfeffer, 2016). A multi-level
representation is very useful at a policy level to apprehend how maps complement each
other, from one level to another for identifying spatial variations (ESPON, 2006).

The new constitutional provision of Nepal 2015, has provided a spatial framework which
led to restructuring of administrative boundaries. Restructuring of boundaries at sub-
national level as province and district and municipality and rural municipality at local
level is implemented and followed for administrative and legislative powers (MoLJPA,
2017). It has now 753 local units with 461 rural municipalities and 292 municipalities
which includes 6 metropolitans, 11 sub-metropolitans and 275 municipalities replacing
prior local units of 3157 village development committees (VDCs) and 217 municipalities
(MoFALD, 2018). Rural municipalities and municipalities are comprised of number
of wards. Ward is still the lowest level administrative units and significant for local
administration and services but it is not dissemination unit for published census data.
Spatial unit for published census data was VDC till 2011. The national population
census took place in 2011 and data were collected and presented using existing local
units (VDCs) prior to restructuring. The new local units are created merging either part
or whole of old VDCs and municipalities. This has necessitated the aggregation of
census data of one administrative level to another for different study purposes. Hence,
geographic scale and adjacency issues arouse as a result of the mapping depends on
aggregated data and the associated spatial boundaries due to this new restructuring. In
this context, the current paper explores the scale and zoning effect (changing boundary,
changing number of units and data aggregation) on mapping census data based on the
scale at which the spatial entities are observed, aggregated and analyzed. The paper also
explores the visual effect of different data classification methods with the restructuring
of the administrative boundary at the local level. Local administrative unit’s boundary
of Bajhang district is selected to explore the scale and data classification effect.
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Material and methods
Study area

Local level administrative boundaries of Bajhang district before and after restructuring
is selected to explore the effect of scale and zoning on mapping census data. Bajhang is
one of the remote mountain district which lies in the far western region of Nepal. The
district falls in three physiographic regions namely Mountain (10%), high Mountain
(44%) and high Himalaya region (46%). Elevation of the district ranges from 915 meter
in the south to 7035 meter in the north from the mean sea level. The district covers 3422
Km? area and comprises 195159 population having population density of 57 persons
per Km?(DDC, Bajhang, 2014). Forest covers more than 55 percent of the total area
and only 10 percent of the area is under cultivation. Though cultivation land is limited,
agriculture is the major occupation of more than 80 percent of the total population. Out
of the total population above 10 years, 66 percent are economically active and of the
total economically active population, 85 percent are in agriculture. It is one of the five
districts of the country having lowest HDI value (DDC Bajhang, 2014). The district
had 47 local units till 2015 and each of these units was comprised by nine wards which
changed to 12 units (2 municipalities and 10 rural municipalities) after restructuring of
local boundaries. Most of the earlier VDCs either in part or whole have become a ward
of new rural municipality or municipality.

Data sources and method of analysis

The present study is based on secondary data sources. Both spatial data and socio-
economic data and information are collected from secondary sources. GIS tool is
applied for data mapping and analysis. Economically active population in agriculture is
selected as representative census variable for mapping and obtained from census 2011
report (CBS, 2012). Spatial layer of local administrative units’ boundary (then, VDCs)
is obtained from Survey department of Nepal and agriculture area was derived from
the 2010 LANDSAT image of 30 meter spatial resolution. Spatial data layer for newly
restructured local level administrative unit boundaries was created by merging old VDC
boundaries. Census data available at old VDC level units was aggregated at the new
restructured municipality and rural municipality. Both old and new local administrative
level data were processed and integrated with corresponding spatial layer for the
mapping in the GIS environment. A correlation coefficient of agriculture area and the
economically active population in agriculture was calculated for both old and new local
units to explore the relationship between existing agricultural land and economically
active population engaged in agriculture activities.

A series of maps were created using two different boundaries to explore scale effect and
five class range to compare different classification methods to explore the effect of data

128



Shobha Shrestha / The Geographical Journal of Nepal Vol. 12: 25-40, 2019

classification methods on spatial representation. Four data classification methods are
applied namely, Jenk's natural break, quantiles, equal intervals and geometric intervals.
Jenk's natural breaks method minimizes within-class variance and maximizes between-
class differences (Evans, 1977). Quantiles method classifies data into a number of
categories with an equal number of units in each category. In this method, possible
values were divided into unequal-sized intervals so that the number of values is the
same in each class. Equal Intervals method sets the value ranges in each category equal
in size. The entire range of data values (max-min) was divided equally into the chosen
number of categories. However, these methods were most accurate for data sets with
specific distributional characteristics (Smith, 1986). Geometric intervals is another
method which ensures approximately the same number of values with each class and
that the change between intervals is fairly consistent, hence map produced is visually
appealing. This method is most applied for uneven data distribution (Thomas, 2001).

Result and discussion
Restructuring of administrative boundary and the scale effect

The common practice of socio-economic and census data dissemination and analysis is
associated with the spatial unit and constituted by an administrative/political boundary.
However, data are available for pre-defined boundaries only which may represent
census block, ward boundary, village boundary, district boundary etc. Published census
data dissemination unit till 2011 in Nepal was VDC boundary, which also served as
a lowest level spatial unit of analysis. Due to the restructuring of the administrative
boundary at the local level, 2011census data need to be aggregated for the statistical
analysis, mapping, and visualization. Previous local level administrative boundary with
larger number comprising smaller area (47 units) was restructured into a fewer number
covering larger area (12 units). This has the effect of coarsening the resolution of the
data, where the average resolution is defined as the square root of the size of the area
divided by the number of areal units (Tobler, 1989). The correlation between existing
agriculture area and the economically active population in agriculture at two different
spatial unit levels was calculated to explore the effect of boundary change in statistical
analysis and the result showed the variation. As compared to the old administrative
unit boundary with the correlation value of 0.62, the higher calculated correlation
value (0.88) is observed for the restructured spatial unit boundary. Similarly, standard
deviation and mean decreased (Table 1). Though not emphasized in most cases, the
effect of MAUP is prevalent and important in common statistical analysis such as mean,
standard deviation and correlation coefficient when data collected at different spatial
levels are used (Openshaw & Taylor, 1979). In GIS mapping, larger standard deviation
shows increasing variability in the area of study which in most cases is not characterized
by mean only.
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Table 1: Effect of changing spatial units on the statistical value

.. Old New
Statistics Remarks
Boundary | Boundary

. . 47 12 | Restructuring of the old administrative
Number of spatial units
boundary to new

0.0197 0.0197 | No change in boundary: Kanda rural
municipality

Min

0.761 0.452 | Variation in value due to a combination
of same aecrial data into larger units:
Max scale effect (Openshaw, 1983) Part of
4 old local units are merged to create a
new single local unit.

0.341 0.277 | Variation in value due to a combination

Mean of same data aggregated into larger
units (scale effect, Openshaw, 1983)

0.165 0.135 | Aggregation decreases the value of

Standard deviation standard deviation (Openshaw &

Taylor, 1979)

Correlation Coefficient: 0.62 0.88

) Aggregation increases the value of
Agriculture area and

the correlation (Openshaw & Taylor,

E icall ti
conomically active 1979)

population in Agriculture
Source: Calculated from GIS

Restructuring of administrative boundary and effect of data classification
methods

Data classification allows visualizing spatial patterns more easily. However, factors
related to data classification such as a number of classes, the class range and methods
applied changes the boundary between the classes and significantly alter resulting spatial
representation of the same area and same data in a map. The effect of restructuring of
the local unit boundary is explored through different data classification methods to map
census data (Table 2, 3 and Figure 1 A - H). Four different data classification methods
were applied to both old and new boundaries. The number of classes and the class range
value presented in a table is plotted in corresponding maps. When data classification
factors are not considered, the pattern which was not previously detected or existed in
reality may be visible. Though, a number of classes are dependent on the objective of
the analysis, the rules by which the data is assigned to a class, requires explanation, so
those users like policy makers interpret the map correctly and the appropriate decision
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taken.The concentration of number of VDCs in one class group is evident from the
Table 2 revealing the uneven distribution of number of VDCs while using equal interval
which ranges from only 1 VDC in one class group and 26 in another class group.
The current study reveals variation while using different classification method for the
same spatial boundary. It is found that Quantile method suited the best with relatively
uniform number of VDCs among four classification method while plotted against old
(47) local level spatial unit (Table 2). Evans (1977) has suggested the same number of
class intervals irrespective of classification methods to examine the difference in spatial
pattern. It is also recommended not to use an equal interval for map comparison if
purpose is to explore central tendency.

Table 2: Data classification methods plotted against old boundary of Bajhang

Method and No. of class | Class Range | No of admin unit per class | Percentage
Jenk's Natural Break
1 0.54 - 0.64 2 4.26
2 0.65-0.79 8 17.02
3 0.80-0.86 18 38.30
4 0.87-0.91 15 31.91
5 0.91-0.98 4 8.51
Quantile
1 0.54-0.79 10 21.28
2 0.80-0.85 9 19.15
3 0.86 - 0.87 12 25.53
4 0.88-0.90 7 14.89
5 0.91-0.98 9 19.15
Equal Interval
1 0.54-0.63 2 4.26
2 0.64-0.71 1 2.13
3 0.72-0.80 9 19.15
4 0.81-0.89 26 55.32
5 0.90 - 0.98 9 19.15
Geometric Interval
1 0.54-0.72 3 6.38
2 0.73-0.82 11 23.40
3 0.83-0.88 17 36.17
4 0.89-0.92 12 25.53
5 0.93-0.98 4 8.51

Source: Calculated from GIS
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On the other hand, using the same data classification methods with new boundary
confirmed a variation in resulting spatial pattern. Though Quantile method suited best for
the old boundary, the same classification method did not show significant difference with
other classification method. The distribution of number of spatial units didn't vary much
between these four methods (Table 3). It is hence, evident that the same data classification
method for aggregated data at a higher spatial level reveals the different spatial pattern
than with larger number of spatial units. Though not much variation is found among four
data classification methods regarding the distribution of number of spatial units, number
of studies has suggested Jenk’s Natural Break method for comparison (Evans, 1977;
MacEachren, 1994). How representative is the attempt to preserve natural spatial pattern
is another issue when aggregating data from larger scale (more number of smaller units)
to smaller scale with less number of larger units. It is obvious that data based on the
geographic boundary and the classification method used to represent them are dependent
on the scale and the generalization of features at higher level is an inherent characteristic
of data presented at a smaller scale (Flowerdew, 2011).

Table 3: Data classification methods plotted against new boundary of Bajhang

Data Class | Data Range | No of admin unit per class Percentage
Natural Break
1 0.75 1 8.33
2 0.76 - 0.83 2 16.67
3 0.84 - 0.85 4 33.33
4 0.86 - 0.88 3 25.00
5 0.89 -0.91 2 16.67
Quantile
1 0.75-0.83 3 25.00
2 0.84 - 0.85 4 33.33
3 0.86 2 16.67
4 0.87 - 0.88 1 8.33
5 0.89 -0.91 2 16.67
Equal Interval
1 0.75-0.78 1 8.33
2 0.79 - 0.81 1 8.33
3 0.82 - 0.85 3 25.00
4 0.86 - 0.88 5 41.67
5 0.89 -0.91 2 16.67
Geometric Interval
1 0.75-0.80 1 8.33
2 0.81 - 0.83 2 16.67
3 0.84 - 0.85 4 33.33
4 0.86 - 0.88 3 25.00
5 0.89 -0.91 2 16.67

Source: Calculated from GIS
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Restructuring of administrative boundary and data visualization

Different data classification methods plotted against different boundaries reveal the
variation in distribution of number of spatial units while spatial visualization as a map
revealed completely distinct pattern (Figure 1 and 2). The 47 spatial units (VDCs) with
old boundary were restructured into 12 new local units by merging the number of VDCs
for visualizing spatial pattern at two different levels applying the four data classification
methods discussed in previous section (Figure 1). Because 47 VDCs were nested under
12 restructured local units, different results from these two levels reflected the scale
effect. In theory, zoning should be reflecting the spatial pattern in detail. However, this
study shows that zoning particularly, from smaller unit to larger units has blurred the
spatial pattern visualization leading to a loss of the preferential information. For instance,
four different classes visible under Jenks classification method, while plotted against old
spatial unit boundary fell into single class while plotted against new boundary (Figure 1A
and 1B). This may have implication for planning and implementation of activities when
using only one map. Hence, it is obvious that, data inherent spatial pattern visualization
is the functioning of the partitioning system (Wong 2009).

Ratio of i Active P ion in i Ratio of Economically Active Population in Agriculture
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Economically Active Population Economically Active Population
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Figurel: Visualizing spatial pattern with old and new boundary

A: Jenks natural break: old boundary, B: Jenks natural break: new boundary, C: equal
interval: old boundary, D: equal interval: new boundary, E: quantile old boundary, F:
quantile: new boundary, G: geometric interval: old boundary and H: geometric interval:
new boundary.

Though there exists the number of methods for zoning or partitioning the space in order
to overcome zoning or scale effect, one approach is to use different spatial level mapping
and compare the results by aggregating smaller units into lager but heterogeneous units
(Smith, 1989; Wooldridge, 2002; Cockings and Martin, 2005). The comparative analysis
through the maps produced at the original spatial unit level (old boundary, VDCs) and
overlaid with new boundary and maps aggregated at new boundary level help to visualize
spatial patterns within the new local units and the district further assisting on decision
making (Figure 2). However, application specific solutions have also been proposed to
minimize the scale and zoning effect (Tobler, 1989; Wong, 2003; ESPON, 2006).
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Ratio of Economically Active Population in Agriculture

to
Economically Active Population

Rural / Municipal Boundary overlaid on VDC Data
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Figure 2: Visualizing spatial variation: Same spatial extent (District boundary) and
different spatial zoning (rural municipality and VDCs)

When describing the relationship among variables or analyzing spatial pattern, the
dependence of the results on the specific boundary being used should be taken into
account while interpreting the maps with data across different spatial levels and different
classification methods. The inferences lead to different and sometimes contradictory
findings which applied for spatial pattern analysis for any type of planning or policy-
making purpose completely distort the existing situation. Not only GIS mapping but
with the advent of GIS-based analysis, data are represented as maps. Understanding data
analysis concepts become as important as understanding geographic concepts because
GIS-based mapping and analysis of socio-economic data are not so much technical as
it is social (Barry, 2007). There is common space between data and geographic space
because the practice is data distance is used to partition measurement into the separate
group while geographic distance is used to partition location into a separate group.
Beyond the traditional data analysis, digital mapping provides the data analysis tool
which enables to visualize geographic space in abstract form for decision making.
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Partitioning the smallest aggregation units possible into homogeneous regions for a set
of attributes that accurately relate to the analytic questions is an effective method for
reducing aggregation bias and better decision making because, GIS-based mapping has
moved from describing geographic phenomena and resources to prescribing management
of resources (Berry, 2007). However, shifting of development projects priorities and
decision making in a spatial context is common during the planning process. Results
derived from these shifting priorities sometimes cannot be aggregated or nested to
provide the meaningful solution or legitimacy or creditability of the project and these
are the most necessary attributes for information to cross over from research to policy
(Cash et. al., 2006). The effective method of spatial representation and mapping as a
planning tool is hence, emphasized (Brenner, 2001; Cash et al., 2006; Cox, 1998; Lebel,
2006; Meadowcroft, 2002; Swyngedouw, 2000). Besides use of methods to minimize
scale and zoning effects, another methodological problem has also been discussed
while examining the effect of area based attributes which is known to as context based
geographic problems (Kwan, 2010).

The consistency of geographic unit at different administrative level is essential for
analysis so that long-term designing, planning, and policy implementation is effective.
The relationships we can extract from a data set depend both on the scale and space
on which the analyses are performed. Further, policies can complicate the situation
on geographically targeted population, targeted socioeconomically vulnerable groups
if appropriate scales of assessment are not chosen (Stephen and Downing, 2001). The
more the level of observation is disaggregated, the easiest it is to construct the zoning
that is best adapted to the condition for analyzing and cartographical representations
(ESPON, 2006). Spatial patterns inherent to data and geographic space can successfully
be explored by using and comparing studies at different levels.

Conclusion

Development planning and policy implementation are more likely to achieve effective
outcome when the problem is analyzed and addressed at the detailed and most appropriate
spatial level. However, selecting the most appropriate spatial scale is always challenging.
In the current state, though ward is the lowest spatial unit for local administration and
service delivery, it is not the lowest spatial unit for census data dissemination. If the
coming census 2021 is planned at disseminating data at ward level, the administrative
level will be lower but the spatial coverage will remain the same as earlier VDCs. The
restructuring of administrative boundaries into larger unit has simplified the detail for
spatial representation and hence has introduced additional generalization of census data.
If the lowest possible spatial level is not chosen for assessment, it may have implication
on policies, either geographically targeted at socioeconomically vulnerable groups or
to the area of natural disasters. Use of data available at one level of the spatial unit for
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policy level analysis when aggregated to higher level should be analyzed carefully using
different data classification methods and visualization tools. It is concluded that scaled
spatial representation matters in planning and policy aspect. It has policy significance
and hence careful mapping and interpretation is essential. It is also essential to identify
lowest level spatial unit for data analysis and visualization. It is suggested that with the
restructuring of the administrative boundary, disaggregated data at a lowest spatial level
than existing wards should be provided for meaningful spatial representation, careful
analysis, and better development planning. Visual-spatial decision making should be
enriched with preferential information and GIS as a tool should and GIS mapping as a
method should be devised carefully. It is meaningful to analyze data at different spatial
scale to visualize and identify spatial variation.
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