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Rural areas in the majority of developing countries often lack social
infrastructure facilities, and in many cases, they are characterized by a
high demand for products and services with central functions. Socio-
economically sound planning of infrastructure facilities plays a major
role in rural development. Taking into account the basic needs of the
local population, appropriate measures have to be taken, in order to
improve the structural deficits and to satisfy the demands of the people.
The quality of life is highly dependent on the distance to products and
services, which are important for the people. Nevertheless, decision-
makers on regional level often mention the lack of reliable and accurate
planning data as a major obstacle for rural development. But, in many
cases, it is not the data that is missing, but rather user-driven informa-
tion products that can facilitate infrastructure planning.

The Land Use Planning and Resources Management Project in Oromia
Region (LUPO) of the German Technical Cooperation (GTZ) has been
operating in Ethiopia since 1997. LUPO's objective is to develop and
implement an appropriate concept for land use planning (LUP) and
natural resources management (NRM) with the local communities. The
project follows a participation-oriented approach, incorporating also
Technical innovations, such as remote sensing data and Geographic
Information Systems (GIS) in its activities.

In a first step, raster images that show cost distances to the various
infrastructure facilities were generated, based on topographic maps in a
scale 1:50,000. The cost distance layers were generated under the con-
sideration of slope gradients and the land cover acting as forces and /or
frictions. The cost distance images then served as a major input for the
generation of raster surfaces that express the degree of centrality and
marginality of each location. A surface of the population density then
served as an additional input for the generation of the final information
product that shows the availability of infrastructure facilities through-
out the area under investigation.
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The following section describes the input data and the methodology of
the GIS-analysis that was applied to map and evaluate the following
qualitative indicators:

Centrality & Marginality
Population Density
Availability of Infrastructure Facilities

In scope of the analysis both, vector and raster data were used. The
ground resolution for all raster GIS analysis steps was 50 meters.

The following gives an overview of the GIS-analysis steps, incorporated
into the modelling process (Figure 2). All analysis steps were realised
with the commercial software products ARC/INFO, ArcView and
IDRISI.
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Figure 2: GIS model for the assessment of infrastructure deficits in rural

areas
i | Huts |
HIHIEIBIRInE |
AEEARE: o 2| $ 8 | Hut density |
szl |2 2| |5]18] |38
g & = o = »n [
2 O 2 | Population Density |
[
1 T T T T T T
Central and
COST DISTANCE MAPS Marginal Areas
[ [
Frictions & Forces | | Forces
_
5
Q = Demand for
o o
%) g Infrastructure
w
1 1
DEM | | Land Cover

Copyright: GTZ LUPO, Matthias Reusing, Michael Becker Example / Page 3



D

Mapping Central and Marginal Areas

37

In order to analyse and describe the centrality /marginality within the
project area, cost distances to all major infrastructure facilities, which
are described on the Topographic Maps 1:50,000, were assessed with the
GIS. It was decided to accommodate the frictional effects of the slope
gradient as an anisotropic cost surface, while the land cover and major
rivers served to consider isotropic costs.

In a first step, all vector information on the Topographic Maps 1:50,000,
including the land cover had to be digitized. The land cover polygons
then served as input for the isotropic cost surface, which classifies the
friction that occurs when traversing different land cover types, while
assuming that there is no footpath. Friction values were then estimated,
based on own experience from the field (Table 1).

It was assumed that it is the easiest to walk on asphalt roads, sand or
over cultivated land, as opposed to crossing a river, which takes more

time.

Table 1: Friction values of different land cover types for isotropic cost

surface
Land Cover Friction Value
Cultivated Land, Sand, Asphalt Roads 1.0
Scattered Trees 20
Shrubland, Indundable Land 3.0
Woodland, Riverine Vegetation 4.0
Forest 5.0
Major Rivers 10.0

In order to simulate the frictional effects of the slope gradient, a Digital
Elevation Model (DEM) was generated by surface interpolation of 20-m
contour lines and spot heights from topographic maps in a scale
1:50,000. The DEM shows that the project area is characterised by very
high relief energy between the highland plateau and the deep valley
gorges (Map 3, 4, 5).

The determination of the slope gradient was achieved by calculating
maximum slope around each pixel from local slopes in X and Y. The
following classification scheme shows all occurring slope gradient
classes and respective friction values that were again estimated, based
on own field experience (Table 2).
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Table 2: Friction values of slope gradient classes for anisotropic cost

surface
Land Cover Slope Gradient [%] Friction Value
Flat to almost flat <2.0% 1.0
Undulating 20to 6.9 % 2.0
Rolling 7.0t012.9 % 3.0
Hilly 13.0t0 20.9 % 4.0
Steeply dissected 21.0t0 54.9 % 5.0
Mountainous 55.0 to 100.0 % 6.0
Extremely Mountainous >100.0 % 999

The direction of slopes affects the efforts needed to cross an area,
depending on the direction of movement. This made it necessary to
produce a direction image of maximum frictional effects. It was gener-
ated by the additive overlay of an aspect image, and a reverse aspect
image, whose direction of movement corresponds with the friction of
slope gradients. Both input images were calculated by analysing the
DEM.

Based on these input layers, a surface of cost distances to all known
infrastructure facilities was then calculated. The Table 3 describes all
source features, from which relative cost distances were calculated.

Table 3: Description of infrastructure facilities, to which cost distances
were calculated.

Source Feature / Description

Infrastucture Facility

Asphalt Road (2WD) -- Guarantee fast transport of people and products to
economic and social centers by cars and trucks
throughout the year

Gravel Roads (4WD) -- Facilitate regular transport of products by foot, on
horses/donkeys, and occasionally by cars in the dry
season.

- Connect remote areas with asphalt road.
District Capitals & -- Offer social infrastructure, services and administrative
Major Settlements facilities.

- Provide labour in the industrial and service sector

- Offer some shopping facilities and services.

Churches - Play an important role in religious, social and cultural
life

Clinics - Provide health care and medical service.

Markets - Enable the trade with and the access to products.

- Provide a platform for innovations and new ideas.

- Facilitate people’s interaction & intensify social
contacts.

- Play important role in social and cultural life.

Schools -- Provide education to the young generation
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Finally, the seven cost distance layers were combined by a multiplica-
tive overlay, in order to create a new information product. The resulting
image can serve as a qualitative indicator for the relative centrality /
marginality of any location within the project area (Map 3).

;\; Map 3: Central & Marginal Areas
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Population density layers give an impression of the spatial distribution
of people living in the area under investigation.

In order to produce such an information product, in a first step, the hut
density/sqkm had to be calculated. Therefore, the point signatures
representing the huts on the topographic maps 1:50,000 - produced by
aerial photographs from 1980 - were digitized. After a vector to raster
conversion, a hut density surface was created. This image was then
multiplied with the average household size (+ 6 people/hut) in order to
calculate the population density for the year 1980. Finally, the average
annual population growth rate (= 2.23) within Oromia region was
incorporated into the model, assuming that it was similar for the last 18
years. It has to be mentioned that movements due to migration were
incorporated into the model, as their influence was not considered as
significant. The analysis steps resulted into a population density layer
for the year 1998 (Map 3).
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Table 4 gives a statistical overview of the rural population density in
1998. Between 1980 and 1998, the total population has grown by around
48 %.

Table 4: Rural Population Density 1998

Density Class Area Area
[inhabitants / sqkm] [sgkm] [%]

<25 316.7 15.0

25to 50 275.7 13.1

50 to 100 209.1 9.9

100 to 200 471.7 224

200 to 400 642.9 30.5

400 to 800 188.4 8.9

> 800 58 0.3

TOTAL 2109.8 100.0

Map 4: Rural Population Density 1998
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¢ J Both, the layer of ‘Central & Marginal Areas’ and of the ‘Rural Popula-
tion Density 1998’ serve as input for further socio-economic analysis. In
fact, the image of the ‘Availability of Infrastructure Facilities” was
produced by a simple multiplicative overlay of the above mentioned
two information products. The resulting values were then reclassified
into seven individual classes, which gradually indicate the need for
new infrastructure facilities in classes from ‘no deficit” up to an ‘ex-
tremely high deficit’ (Map 5).

Table 5: Availability of Infrastructure Facilities

No. Class Area [sqkm] Area [%]

1 Extremely High Deficit 3.7 0.2
2 Very High Deficit 254 1.2
3 High Deficit 116.5 515
4 Low Deficit 490.9 23.3
5 Very Low Deficit 667.4 31.6
6 Extremely Low Deficit 478.8 22.7
7 No Deficit 3271 15.5

TOTAL 2109.8 100.0
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The resulting map shows that there is a general demand on infrastruc-
ture facilities within most of the project area. The comparison of the
generated information products shows that very high and extreme
deficits are prevailing in all central areas with a very high population
density. High deficits are prevailing in the densely populated parts of
the project area at a transitional zone with a central to marginal charac-
ter. In contrast to this, along the sparsely populated bottom of the deep
valley gorges, there seems to be no need for additional infrastructure
facilities. Finally, the deficit is low to very low whenever both, the rural
population density and the centrality /marginality image show average
values.

For more specific evaluations of the necessity for the improvements
with regard to specific infrastructure facilities, the described analysis
steps should always be repeated separately with the respective cost
distance layer.
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Map 5:  Availability of Infrastructure Facilities

Availability of Infrastructure Facilities
draped on hillshaded Digital Elevation Model (DEM)
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