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f@ Exploiting available data sources: location/allocation
modeling for health service planning in rural Ghana

Abstract

The preconditions for applyving GIS-based location-allocation analv-
six forbealth service planning in riral Glana are examined in teens
of deta avallabilive and gualite. A popadation map is exvablished from
the laresravatlable consus using geo-coding nethods and digivad ropo-
graphic sheets. A vector-hased trasport model of the region is es-
tablished by merging data from several sources inclding GPS_ i ix
sugvested thara hvbeid iransport model is regnived. This model con-
hines the possibilities for afl-divection transportation inherent in the
raster-hased approaeh with the possibitities for roadipath transpor-
tevion infrevent in the vector-based approach. All-direction move-
ments are expected o take place close to the villages inorder to reach
a suitable lnear transport corvidor represenied by a vector. Several
seenartos for inproving e aecessibifive aspecis of the ealih serv-
tee provisien are examined tn gl of Ghana's corveat healih service
poticy. Location-allocation modelling tools are wsed to select opri-
mad focations and provide statistics on average distance to healtl
centres amd percentaye of population covered.

The aim of this paper is to discuss several methodological
issues related to the application of location-allocation
methods in health service planning for a specific area of ru-
ral Ghana - the Ga district located northwest of the Acera
metropolitan area. The issues discussed concern data avail-
ability and how to establish a suitable transport and popula-
tion model. A secondary aim is to present some examples of
the results that can be obtained using location-allocation
methods in this context.

Oppong and Hodgson (1994) presented a study on spa-
tial accessibility 1o health care facilities in Suhum District,
Ghana. A later study (Oppong & Hodgson, 1998) focused
on the effects of bypassing, i.e. siluations where proximate
facilities for some reason are ignored in favour of more dis-
tant ones. These studies regard location-allocation model-
ling as a highly relevant tool for evaluating current condi-
tions as well as different planning strategies. They support
the view that the *data availability and reliability problem’,
based on which some researchers question the usefulness of
such modelling in the Third World. tends to be exaggerated.
Itis clearly not our intention to claim that failure to meet the
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digital data standards of the most advanced countries im-
plies that location-allocation methods cannot be used in de-
veloping areas. Data availability will, however, influence
the choice of modelling strategy and will also alTect the reli-
ability of the results. The fact that Euclidean distance matri-
ces are used for location-allocation in the above-mentioned
studies (Oppong & Hodgson, 1994,1998) is explained
briefly by referring to walking as the main means of trans-
portation in the area.

It is our claim, however, that people seldom will be able
to walk along the straight line between two points for the
magnitude of distance that we are considering here (5-10
km), nor will they wish to. Differences may arise from re-
gion Lo region caused by infrastructure standards and land
cover, For the Ga district area - a largely rural area covered
with trees and other vegetation - barriers of varying ‘stre-
ngths’ created by vegetation, rivers elc. in the majority of
cases force people to select footpaths, tracks and roads even
when walking. Moreover, for distances exceeding a few
kilometres and considering that people are seeking health
service, selecting a path towards the nearest road serviced
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by trotros (small private busses) will often be an attractive
alternative.

There are no computational problems in defining a net-
work of feasible transport corridors {paths. tracks and
roads) that people actually choose. and using this as the ba-
sis for the distance measures included in the location-allo-
cation modelling. The problems are connected with estab-
lishing a digital map of the transport corridors and - even
more importantly - with the transformation of distance into
an accessibility parameter by taking the means of transpor-
tation as well as transport behaviour into account. The pos-
sibilities of doing so for the case of o rural area in Ghana are
elaborated below.

The other key issue Tor location-allocation modelling -
the location of the population and the actual up-to-date
population ligures - is also discussed below. The main con-
cern of this paper is to measure physical accessibility of the
5 health centres and to demonstrate ways of computing the
consequences - inrelation to accessibility - of establishing a
number of additional facilities at optimal locations. Obvi-
ously good health care provision involves many other is-
sues such as cost of health care, level of skills, equipment
and building facilities and capacity of health facility com-
pared to demand. The capacity of each facility can easily be
incorporated in a location-allocation model to provide a
measure of health service coverage in terms of ability 10
meel local demands, il reliable capacity and demand data
are available.

This paper will not go into details concerning the general
problems of health care provision in Ghana and the differ-
ent proposed approaches to solving these (these issues are
discussed more thoroughly in Kofie, 2000). Underlying this
paper is the assumption that information on accessibility of
health care is of vital importance even though, naturally,
availability of information does not alone improve the situ-
ation.

Data and methods

Data availability

The study area represents a situation not uncommon to
many areas in Africa: maps are generally out of date and the
set of more recent ad-hoc maps (e.g. for planning) is very
heterogenecus and unreliable. The latest available census
data from 1984 can only be regarded as an estimate in light
of recent years’ rapid development. The particular study
area is located close to the Accra metropolitan area, but
while some areas are experiencing urbanization and rapid
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growth other areas have remained rural with a considerably
slower growth rate.

The presence of suitable digital data will normally be
considered a prerequisite for performing GIS analysis. A
possible conclusion is therefore that a lot of work has to be
put into the generation of digital data before any analysis
can take place. Production of digital maps in Ghana is in its
iitial phase and until now based on older analogue maps.
This excludes land cover and land use maps derived from
remote sensing data and a number of maps of larger towns
which have been prepared recently under the Ghana Envi-
ronmental Management Project. Is it difficult to toresee
whether digital map production in Ghana will gain momen-
tum in the short term. A considerable number of organiza-
tions are now involved in digital data production and acqui-
sition; this, combined with the improvements concerning
hardware and software, suggests that the body of digital
data may improve in the coming years.

Census data

The most recent complete census of Ghana from which
published data was available at the time of this study was
conducted in 1984, It should be noted that a new census has
taken place very recently but any validated results are not
available at this time. The results of the 1984 census have
been published in several reports. It was based on a number
of enumeration districts established in 1970 with some later
modifications. Each district contains a number of settle-
ments for which the population is counted. The variation
in settlement size within the Ga district is extremely big
ranging from townships with almost 30,000 people down
to individual households, as reported in Statistical Service
(1989).

Obviously, the 1984 census was done without any con-
siderations for future analysis in geographical information
systems. The boundaries of the enumeration districts are
sketched out on a map, which is originally based on older
1:62500 topographic maps. The mainemphasis is on the lo-
cation of the settlements within the districts and how the
enumerator finds his way from one settlement to the next. It
is, therefore, not a trivial task to assign precise geographic
co-ordinates to all the settlements contained in this census.
This will be discussed further below.

It should be noted here that older census data combined
with estimated growth figures can only guide the local
health care planning process by providing general indica-
tors. Obviously it is of vital importance to establish an ad-
ministrative system that supplies the regional health au-
thorities with frequently updated population data required



by a number of healtheare planning purposes. e.g. 1o be able
o plan immunisation campaigns effectively (Douven &
Scholien. 1995).

Health facifities.

The Ga District as o whole has 15 institutions providing
healthcare services. These include quasi-government insti-
tutions and facilities established by NGOs (non-govern-
ment organisations). There are also a number of privale
health facilities but information on them is incomplete
(MOH/GHS. 1998). The various levels ol healthcare facili-
ties in Ghana are based on a three-level hierarchical struc-
ture designed by the Ministry of Health (Ministry of Health,
19748, 1982)designating A-level, B-leveland C-level facili-
ties. A-level facilities are located in the communilies and
are usually staffed with minimally trained health workers,
B-level facilities are usually staffed with a medical assist-
ant, a community health nurse/midwile, a health inspection
assistant and a senior field technician for communicable
diseases control. C-level facilities represent the manage-
ment level for the entire system and based on the district
hospital. The Ga district, specifically, is subdivided into
five health catchmeni arcas or sub-districis namely
Amasaman, Danta, Madina, Obom and Werja. The five B-
level facilities under the Ministry of Health are located in
settlements after which these sub-districts have been named
{see mapin Figure2), Geocoding of each location can easily
be done from a map or using a GI'S.

Transport network date

The transport network of Ga district is established by com-
bining existing road maps and new data recorded by GPS.
The digital version of the 1974 topographic map sheet cov-
ering the Ga district contains information about roads,
tracks and paths as they were identified when the original
map was produced. Although some new roads have been
built, field studies show that the 1974 dala are still valid es-
pecially Tor the rural part of Gadistrict. Another digital road
data source is the maps created by the feeder road project
executed by the Remote Sensing Applications Unit of the
University of Ghana. The aim of this project was Lo create
an updated map of so-called feeder roads using satellite im-
ages and GPS to assess the location. type and quality of each
road.

In order to assess the accuracy of the two existing data
sources, field surveys using a continuously logging Garmin
12XL GPS has been conducted on different types of roads
and tracks. A total of 160 km were covered. 16% of the
roads covered were not found in the 1974 topographic map.,

These roads are included in the total transport network as
they were recorded by either the feeder road project or dur-
ing the field survey. Field surveys alsorevealed some errors
in the feeder road project data, probably due to the fact that
anolder generation GPS without the possibility forcontinu-
ous logging of track points was used.

In order to establish the total network of transport corri-
dors, a selection process was carried out to identfy the data
source believed o be most accurate for each road segment.
Based on the field survey the digital version of the 1974
topographic sheet was selected in most cases since it was
produced by traditional, accurate methods based on acrial
photography. The total length of the network - excluding
the artificial corridors radiating from cach village - is ap-
proximately 7000 km. The basis of this network is formed
by the 1974 1opographic sheet, which accounts for approxi-
mately 94% of the roads. New roads. which are mapped ex-
clusively by the feeder road project accounts for approxi-
mately 4% while field survey data accounts for the remain-
ing 2%.

Choice of model

Martin (1995} examines various ways of modelling popula-
tion for the purpose of GIS analysis, and argues that *any at-
tempt to represent the socio-economic environment in a
GIS involves some form of implicit or explicit modelling,
aned users need to be fully aware of the implications of their
action’. The purpose of the population model within the lo-
cation-allocation conlext is to provide precise information
about the location of the populition in order to assess the
level of accessibility to health care. Accessibility may be
quantified in many ways. The total (or average) travel dis-
tance ortravel time forall people attending health care in the
area may be used either as an absolute figure, which is com-
pared to politicalfadministrative goals, or as a relative fig-
ure, which is compared to scenarios where health clinics are
opened, closed, moved or where district boundaries are
changed. The total travel distance figure is nol very sensi-
tive toerrors concerning the location of a hmited number of
individuals. The accuracy of the population model (i.e. the
geo-coding of the population) becomes more critical, how-
ever, if the goals for accessibility to health care are stated
more rigorously in terms of maximum allowable travel dis-
tance for any individual.

Establisling the population model
The population model is established by geo-coding each
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enumeration district. Automatic geo-coding based on set-
tlement names is technically possible provided that a digital
map with settlement names exists and provided names are
unigue and spelled almost the same way. For the current
analysis a digital version of a 1974 topographic map sheet
covering the Ga district was acquired from the Ghana Sur-
vey Department and an automatic geo-coding process was
attempted using the ArcView software from ESRI, USA.
Geo-coding software will often be able to fit names that are
spelled differently based on linguistic rules. These rules are
normally designed specifically for a given language - Eng-
lish in this case - and the Ga district settlement names are
characterised by many similar looking derivations from
older settlement names, which impede the matching of dif-
ferently spelled identical names. The automatic geo-coding
function works well in matching names regardless of the
use of capital letters and spacing. Match suggestions based
on more advanced linguistic considerations, however, are
more likely 1o be incorrect.

From the total of 596 settlements reported by the 1984
census 126 (21%) were placed automatically or with minor
assistance on the map at the location of the text label. The
126 settlements represent 60% of the total population in the
Ga district. The rest of the population data are geo-coded
manually and some name confusion is unavoidable even
when involving a person with detailed knowledge of the
area. The first step is to try to identify settlements manually
from other map sources. Any remaining problems have to
be solved by field observations. The rural parts of the dis-
trict contain a number of traditional villages, often located
at a small distance from the road system with no postal sys-
tem or roads signs. These physical characteristics imply
that geo-coding the name of a village, even for people who
know the district well, involves driving or walking to the
village to ask for its name and record its geographical co-
ordinateusing a GPS, Each settlement is assigned an 8-digit
locality code in the census report (Statistical Service, 1989).
Part of this code is the number of the district that the settle-
ment is a part of. This information may be used for error
checking, since settlements within the same district should
be relatively close together. The names of small settlements
are sometimes given ‘on the 1y’ by the enumerators using
the name of the first settler or oldest member of community.
The only way to geo-code these settlements is to assign the
co-ordinate of another settlement within the district - either
the largest settlement of the district or one with a similar
name. In this way however the population will appear more
centralised in the model than is actually the case. The use of
aggregated demand data will always lead to some errors in
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the results of location modelling process, as described by
Casilas (1987).

These errors arise from the fact that the distance measure-
ments are made from an aggregation point to a centre in-
stead of from each individual demand location point. One
effect ol this is that the total travel distance forall demand in
an aggregation point will be reported as zero in the special
case that a centre is located at the same point. In the worst
case, some demand may be assigned to the wrong centre,

It is important to assess the potential influence of these
error sources, The magnitude of error depends directly on
the pattern of the non-aggregated demand. Based on an ex-
amination of the actual population pattern in the Ga-district,
we will argue that these errors will play a minor role, espe-
cially in the predominantly rural parts of the district. The
reason is that each settlement was counted individually by
the enumerators even if it only consisted of one household.
Given the scale of this particular study, the inter-settlement
distance is the important factor, while the travel distance
within each settlement may be ignored. The relatively de-
tailed population mapping of the rural areas should benefit
the location-allocation modelling process.

The strategy described above has been pursued to estab-
lish an approximate population model of sufficient accu-
racy to form the basis for location/allocation modelling.
The main drawback is that it cannot be accurately modified
until the next census is available. Satellite-based remote
sensing techniques have been suggested as a tool for demo-
graphic monitoring on a more frequent basis. Baudot
(2001) suggests SPOT P+XS data for surveying urban
population. The satellite images will only be able to divide
the study area into *homogenous housing areas’. These data
are combined with information about the population char-
acteristics of different types of housing areas obtained from
large-scale aerial photographs and field surveys to produce
a population map. The precision obtained by this method is
difficultto assess, and it is clearly limited due to the hetero-
geneous nalure of many areas, but the alternative - nodata al
all - makes it worthwhile considering. In order to be able to
plan public service based on accurate figures, two possibili-
ties exist. One is that census data are collected more fre-
quently, the other that administrative procedures are estab-
lished that record population changes in real-time on the
individual level. The next census to be conducted in Ghana
i5 expected to take into account that the population data
should be available for further analysis within a GIS. The
census will be based on revised districts with clearly
defined boundaries that may be identified in a digital map.



Transport mode!

As indicated in the introduction, itis our claim that people
will not be able - or wish - to walk along the straight line be-
tween their settlement and the health centre. Various barri-
ers and terrain compel people to select footpaths. tracks and
roads even when walking. Moreover, a survey concerning
the mode of transportation to healtheare facilities in Ga dis-
trict by patients showed that public transport (mainly
trotros) are frequently used (Kofie. 2000). In 2 of the 5 fa-
cilities the number of patients who arrived walking consti-
tuted less than 15%. This lfigure isconsiderably higherin the
Jremaining facilities.

The transport model used by the location-allocation
model has to be designed with specitic modes of transporta-
tion in mind in order to be useful. It may be discussed
whether accessibility should be measured based on ob-
served user behaviour or based on optimal behaviour. In
any case, the transport model must reflect the choices that
are actually available and affordable to the people who are
seeking healthecare services. The transport model must
change over time as the general mode of transportation
changes. Location-allocation models can also be used to
evaluate seenarios, ¢.g. o predict Tuiure accessibility i bei-
ter public transportation service is provided.

Frequently changing road condition, ¢.g. when barriers
to movements are created during the rainy season, is an-
other important factor. Oppong (1996) examines accessi-
bilily (o health care in a rural district in Ghana during the
rainy scason. While the present average weighted distance
(AWD) tolevel A facilities - under dry conditions and using
Euclidean distances - is calculated to 1.38 km, this figure
increases 76% during the rainy season. This is chiefly be-
cause many A-facilities close down, dependant as they are
on regular visits from level B-facilities personnel that can-
not or will not be made due to impassable roads. Location-
Allocation modelling aimed at producing an optimised all-
season solution, by restricting potential facility locations to
all-season roads, results in improved AWD values that are
even lower than the present dry-season level.

A hybrid transport model is proposed

A digital transport model in GIS is normally implemented
either as a vector-based solution or as a raster-based solu-
tion. Forthe vector-based (network ) solution, transport cor-
ridors are represented by vectors and no movement is possi-
ble between vectors. A raster-based system, on the other
hand, allows madelling of transport in all directions. It is
normally less effective in terms of data storage in order to
represent the details of the system of reads and paths than a

vector-based system. It is in both cases possible to assign
cost factors to any movement, Most traditional location-al-
location modelling soltware will only work on the network
transport model since the Euclidean distance is of little in-
terest in cities and other areas where any movement of peo-
pleisrestricted by various barriers and therefore has to fol-
low existing roads or paths. Even where straight-line trans-
portation is pessible, it may often involve such an increased
effort that the existing tracks are preferred.

The network model approach assumes that the demand
points (i.e. the people seeking health care) are located right
on the network {usually by adding an attribute value to each
vector indicating the number of people living there). Vil-
lages and settlements in the Ga district are in many cases
located remotely at some distance from the road system and
people seeking a health service centre will often walk in a
more orless straight line towards the nearest road that leads
inthe rightdirection. Itis, therefore, suggested that akind of
hybrid solution is required. i.e. one that combines the free
movements of the raster-based approach close tothe village
with the road, path, track-movements assumed by the vec-
tor approach.

The method applied in this study is to cmulate a raster
model by creating 24 artificial transport corridors radiating
for I km from the geo-coded location of each settlement,
see Figure 1. These vectors represent the possible direc-
tions of people walking from the village and connect the vil-
lage to the road system. In the majority of cases amajor road
is Tound within 1 km. Each of the transport corridors sur-
rounding a settlement connects (o the general transport net-
work if a major road is within reach. A local pseudo raster
net surrounding each village implemented by parallel and
orthogonal vector lines constituting a net would also have
been a feasible solution,

An important issue when establishing transport corri-
dors for the purpose of location/allocation modelling is pre-
sented by the barmers thal may exist in an area, either con-
stantly or at certain times. A barrier may in some cases - or
for some travellers - act as a complete roadblock. In other
cases i barrier al a certain poinl may require an increased
clfort to cross and encourage travellers to consider alterna-
tive routes. A useful ransport model must take such barriers
into account. They are however sometimes difficult to
monitor if for example created by a stream with varying
level of water flow. In this case it could be argued that a
strong barrier present only a part of the time must for plan-
ning purposes be regarded as a constant barrier - since peo-
ple should always have access to health care service, Forthe
current study, the barrier issue has been implemented only
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Figure I: Siraight line routes are appropriate for short distances
onlv. Peaple nrav choose to walk from a sentlentent towards the near-
et road or track teading in the desived divection. Each settfememt
focation point is therefore linked to the transport network by a numher
of arrificial ransport corridors radiating in all divections. This can
he seenasa pyewda-raster transport mredel surrounding each sertle-
ment, implemented in a vector-hased system.

by recognising the fact that the Densu River, which divides
the district into two areas, can only be crossed using exist-
ing bridges.

Impedance values

Choosing a specific route between a settlement and a health
facility usually means selecting the set of transport links
that will require the least efforts and/or consume the short-
estamount of time. As indicated above this route will likely
follow established roads or tracks and in some cases prefer
roads serviced by public transport. [n order to perform a de-
tailed accessibility analysis it is necessary, therefore, to as-
sign an impedance value or ‘effort/speed factor’ to each
link. This impedance value must naturally take into account
the means of transport available to the people inguestion. A
solution could be to use walking speed as the basis forcom-
puting impedance values for footpaths. tracks as well as the
links betweensettlement and nearest road. The effort/speed
of travelling along a road depends on the means of transpor-
tation. Vehicle speed will normally depend on the road type,
level of maintenance, traffic and weather conditions as well
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as the condition of the vehicle in question.

Detailed measurements of transport time and efforts on
different types of roads and tracks have not been a part of
this study. The location-allocation analysis described inthe
next paragraph assumes, therefore. that the shortest route
through the network is chosen. This is not an optimal solu-
tion since the existence of affordable means of public trans-
portation may make a greater distance to health care accept-
able. An impedance value that includes both time and effort
is preferable. The shortest route assumption is however in
accordance with official goals concerning health care pro-
vision which are based on distance rather than time/effort
CONCerns.

Location-allocation analysis - results

The process of establishing a digital map of both the spatial
distribution of the population and the available transport
corridors leads to the implementation of the actual location-
allocation models. This section describes the consequences
- in relation to accessibility - of establishing 1 1o 4 new fa-
cilities and compares these scenarios with existing condi-
tions. Health centre capacity constraints are not taken into
account. Two ditferent objectives are evaluated: a) Mini-
mising the total weighted distance from the settlements to
the health centres. The weighted distance is the actual net-
work distance multiplied by the number of people living in
the settlement. by Minimising health care coverage under
the assumption that any person within an 8 km network dis-
tance from a health contre enjoys an acceptable level of
health care provision while any person outside this limit
does not, Refer forexample to ReVelle & Swain (1970) and
Church & ReVelle (1974) for formal model formulations.

The present situation

The firststepis to evaluate the present situation. The location
of the 5 existing health centres in Obon, Danfa, Madina,
Weija and Amasaman can be seen in Figure 2. The thick lines
radiating from each centre are connected to every settle-
ment in the area that is closest to this centre and, therefore,
supposed to be served by it. The corresponding statistics
concerning accessibility can be found in Table 1. Note that
all statistics are. of course. based on distances through the
transport network. The average distance between a settle-
ment and a health centre is 6.75 km. Due to the smaller size
of remote settlements, the average weighted distance - or
average person distance - is 5.35 km. The distance from the
furthest settlement in the area to its nearest centre is more



Center assignment
(closest facility through network) .
-
P .
5 1]
. (?*?‘
L]
. : Amasamarf: % *, Danfa
. - L L3 y .
Ohomae w .f . . Ll - " .
. S . ., PR P
. v, " ] .
wa® _— e 0 LI
- (L B . . . ¥ LR
- r'. ll~ - ." .. .
’ LI . :‘ L - {i.. . . =
% e " !\ )
., e, .".' L —
- : l . . Madina
L]
- . Ul : 'f' -
] - -
- % /
* . Accra /
. uw * /!
Tee N
.
., 0 kiometers 10 20
L
..

Figure 2: Existing health centers in Ga districr. The spider diagram
inclicaies which health facitity a setttement ix closest to in terms of
distanees throngh the transpert network.

than 15 km. Almost 30% of the population is outside an 8
km distance limit indicating acceptable health provision.

Objeciive: Minimise totad wedgled distance

The accessibility consequences of adding | to 4 new facili-
ties in the Ga district using a *‘minimise total weighted dis-
tance” objective can be seen in the first column of Figure 3
and Table 1. Any settlement is regarded as a candidate site
for the new facility, The location that provides the lowest
total weighted distance is chosen. One additional,
optimally located centre will reduce the average person dis-
tance from 5.35 km 1o 4.60 km while 4 new centres will re-
duce this figure to 3.28 km. Furthermore the population liv-
ing outside the 8km limit will decrease to 22.0% and 12.1%

Table I: Accessibility statistios under current conditions and
Jottowing locationof Trod new health cenvers based outhe “mini-
mize tetedd welghied distance” objective.

Number Average Average  Furthest  Popula-
of settlement person {km) Ll
Faciliies  gigance  distance outside
) (km) 8 km
Added {km) )
range
(%)
0 6.75 5.35 15.22 29.7
6.17 4,60 15.22 22.0
+2 6.00 4.09 15.22 16.9
+3 5.31 3.02 12,76 13.5
+4 5.8 328 12,76 121

respectively.

Objective: Maximise health coverage within S ki

The main goal is to lind locations for new centres in a way
that ensures that the fraction of people living withinan 8 km
distance limit is maximised. Compared to the results of the
above-described minimum distance objective. it is clear
that the average weighted distance may be higher, indicat-
ing that centres are located closer o remote arcas, Some
people in central settlements may have to travel a little fur-
ther in order to secure that a larger portion of the remote ar-
cas are covered satisfactorily. The consequences of adding
1 to 4 new centres based on this objective can be seen in the
second column ol Figure 3 und Table 2. Four additional cen-
tres will resultin an average weighted distance of 3.79 km
and acoverage - within the 8 km limit - of almost 959 com-
pared to the present value of 709%. Two additional centres
will provide this level of service 1o 87% compared 10 83%
for the “minimise total distance” approach.

Conclusions

Although good heaith care provision involves much more
than location-allocation aspects, these are clearly important
issues to include in a planning process. Vector GIS contain-
ing location-allocation modelling software provides the
tools for rapid evaluation of various scenarios. It does re-
quire, however, that a suitable digital database is estab-
lished. This is not necessarily the case in developing coun-
tries, bul there seems to be an increased awareness of the
many benefits that the application of GIS analysis could
have to the planning process, and a number of projects
aimed at creating various kinds of digital maps have been

Table 2: Aceessibility statistics under current conditions and fof-
fowing location of o4 new Iealth comters hased on the “maxi-
mize healith coverage within 8 knr” ebiective.

Number  Average  Average  Furthest  Popula-
of settlement  person (km) (mtli[i};c ¢
et e
(%)
v} 6.75 5.35 15.22 297
+1 6.33 4.89 15.22 20.0
+2 6.15 4.38 15.22 12.9
+3 543 4.15 12.76 7.6
+4 5.15 3.79 12.76 54
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Objective: minimize total distance

Objective: maximize total coverage

One additional facility

Two additional facilities

Three additional facilities
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Figure3: Bestlocation
of I to 4 additienal
Nealth centers based
on 2 different ohjec-
rives - a) minimize to-
ral weighted nemwork
distance and b} maxi-
mize number of people
fiving within& km(net-
work distance ) from a
Nealth center.



launched. Since population data needs frequent updating, it
is necessary to investigate and improve administrative pro-
cedures inorderto gather this information on a more regular
basis. GIS research projects - such as the present one - that
depend on data that is not yet available in their most accu-
rate form may be looked upon as pilot projects. The results
obtained may be used to demonstrate some of the future
possibilities if resources are committed to collecting the
necessary data. The current study also demonstraies an ad-
aptation of the network-based transportation model o the
conditions of many arcas of in rural Africa where people for
ashorter distance may walk inany direction without requir-
ing the “transport links™ demanded by the network model.
Acknowledgements This study was made possible by fund-
ing from the Danida-ENRECA program.

References

Baudot, Y. (2001): Geographical analysis of the population
of fast-growing cities in the third world. Pp. 225-240in
J.-P.Donnay et.al. (eds.): Remote sensing and urban
analysis. London_ Tavlor and Francis,

Casilas, PA. (1987} Data Aggregation and the p-Median
Problem in Continuous Space. Pp. 327-344 in Ghosh, A
and G. Rushton, 1987 Spatial Analysis and Location-Al-
location Models. New York, VNR.

Church, R.L. & C. ReVelle (1974): The maximal covering
location problem. Papers of the Regional Science Asso-
ciation 32: 101-118.

Douven, W. & H. J. Scholten (1993): Spatial analysis in
health research. Pp. 117-134 in: M.J.C. de Lepper, H.
Scholten and R.M. Stern: The Added Value of GIS in
Public and Environmental Health, Dordrecht.

Kofice. R.Y. (2000); A GIS perspective of local level plan-
ning and decision-making. The case for spatial datainte-
gration, health and sanitation in the Ga district of Ghana
University of Ghana. Legon. (Unpublished Ph.D. the-
sis).

Kofie. R.Y. & Lasse Moller-Jensen (2001): Towards a friune-
work for delineating sub-districts for primary health care
administration in rural Ghana: a case study using GIS.
Norwegian Journal of Geography 35 (1); 26-33.

Martin, D. (1995); Censuses and the modeling of popula-
tionin GIS. Pp.48-6Y in: Paul Longley & Graham Clarke
(eds.): GIS for Business and Service Planning. Cam-
bridge.Geoinformation International.

Ministry of Health (1978): A primary heaith care strategy
for Ghana. Ministry of Health, Acera.

Ministry of health (1982): The Health policy of Ghana.
Ministry of Health, Accra.

MOH/GHS (1998): Ga District health Service. First Quar-
ter Report. 1998, Ministry of Health / Ghana Health
Service.

Oppong, L.R. (1996): Accommodating the rainy season in
Third World Location-allocation Applications. Socio-
Economic Planning Scicinces 302y 2124137,

Oppong. J. R. & M. J. Hodgson, ( 1994): Spatial accessibil-
ity to health care facilities in Suhum District, Ghana,
Professional Geographer 46 (2): 199-209,

ReVelle, C.S. & R.W. Swain (1970): Central facilities loca-
tion. Geographical Analysis, 2: 30-42.

Statistical Service (1989): 1984 Population census of
Ghana. Special report on localities by local authorities.
Greater Accra Region. Statistical Service, Accra.

Geografisk Tidsskrift. Danish Journal of Geography 101 153



Note

Meteorological Observations in 2000 at the Arctic
Station, Qeqgertarsuaq (69°15°N), Central West
Greenland
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Abstract

Ananromatic mereorslogical seaion las heen operaning ai the Are-
e Stearienr (G SN S3°3 Wi in West Greenfand sinee 199, This
paper swmararizes micteorofogical parameters during 2000 inelid -
firg soow aid see ice cover, grond temperatires and active faver de-
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Outline of the Meteorological Year 2000

Climate, arctic, permalrost, active layer, snow cover, sea
ice cover, Greenland, Disko. Manuscript closed 30 May
2001. Outline of the Meteorological Year 2000. The mean
annual air temperature (MAAT) at the Arctic Station in
2000 was -2.5°C (Table 1), somewhat higher than the aver-
age sincethe station s establishment in late 1990 (Nielsen et
al., 1995), but equal to the mean lemperature in 1998, The
MAAT at the station is -4.4°C for the whole period 1991-
2000. According to official meteorological data 1961-1990
the MAAT at nearby Qeqertarsuaq is -3.9°C. Since 1996
the winter temperature has increased continuously and the
higher MAAT 2000 is primarily the result of higher winter
temperatures, while summer temperaturcs were closc to
normal. The lowest 2000 air temperature (-22.8°C) oc-
curred on | March, while the highest air temperature
(18.6°C) was registered on 7 July, This maximum lempera-
ture occurred within a 3-week warm period from the last
week in June tomid-July, where the mean temperature was
9.8°C. The remaining part of the summer was cooler (mean:
6.7°C) except for a S-day “Indian’ summer in late August,
where the mean temperature was 9.0°C (Figure1). A maxi-
mum solar radiation of 1103.7 W/m- was registered 1 June,
before the warm period mentioned above. Notice also the
pronounced minima in the incoming SW-radiation in July

and August, indicating prolonged “poor’ weather periods
during the summer,

The mean annual wind speed was 3.0 my/s, the same as in
1999, On 19 February a maximum wind speed of 14,5 m/s
(daily mean). with wind gust of 25.6 m/s which was re-
corded in connection with a foehn situation with easterly
winds. Several foehn events with high wind velocities can
be observed during the year especially during the winter
and early spring. Characteristically the temperature rises
dramatically during these events (Figure 1). Easterly winds
due to air masses Mowing off the Greenland Ice Sheet to the
cast prevailed during periods of the winter and autumn,
while southwesterly winds were more frequent during the
summetr,

2000 was a very rainy year. Liquid precipitation was reg-
istered on 74 days throughout the year except for February
and December with an annual total of 476.7 mm. This
amount exceeds the official (DMI) annual mean precipita-
tion, which, including snowfall. was 447 mm in the area
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Figure I: Diagrams showing varivus mean daily meteorolugical
paramerersand ground iemperatnres at the Arctiv Station 1999 The
snow cover thickness was measnred daily,
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launched. Since population data needs frequent updating, it
is necessary to investigate and improve administrative pro-
cedures inorderto gather this information on a more regular
basis. GIS research projects - such as the present one - that
depend on data that is not yet available in their most accu-
rate form may be looked upon as pilot projects. The results
obtained may be used to demonstrate some of the future
possibilities if resources are committed to collecting the
necessary data. The current study also demonstraies an ad-
aptation of the network-based transportation model o the
conditions of many arcas of in rural Africa where people for
ashorter distance may walk inany direction without requir-
ing the “transport links™ demanded by the network model.
Acknowledgements This study was made possible by fund-
ing from the Danida-ENRECA program.

References

Baudot, Y. (2001): Geographical analysis of the population
of fast-growing cities in the third world. Pp. 225-240in
J.-P.Donnay et.al. (eds.): Remote sensing and urban
analysis. London_ Tavlor and Francis,

Casilas, PA. (1987} Data Aggregation and the p-Median
Problem in Continuous Space. Pp. 327-344 in Ghosh, A
and G. Rushton, 1987 Spatial Analysis and Location-Al-
location Models. New York, VNR.

Church, R.L. & C. ReVelle (1974): The maximal covering
location problem. Papers of the Regional Science Asso-
ciation 32: 101-118.

Douven, W. & H. J. Scholten (1993): Spatial analysis in
health research. Pp. 117-134 in: M.J.C. de Lepper, H.
Scholten and R.M. Stern: The Added Value of GIS in
Public and Environmental Health, Dordrecht.

Kofice. R.Y. (2000); A GIS perspective of local level plan-
ning and decision-making. The case for spatial datainte-
gration, health and sanitation in the Ga district of Ghana
University of Ghana. Legon. (Unpublished Ph.D. the-
sis).

Kofie. R.Y. & Lasse Moller-Jensen (2001): Towards a friune-
work for delineating sub-districts for primary health care
administration in rural Ghana: a case study using GIS.
Norwegian Journal of Geography 35 (1); 26-33.

Martin, D. (1995); Censuses and the modeling of popula-
tionin GIS. Pp.48-6Y in: Paul Longley & Graham Clarke
(eds.): GIS for Business and Service Planning. Cam-
bridge.Geoinformation International.

Ministry of Health (1978): A primary heaith care strategy
for Ghana. Ministry of Health, Acera.

Ministry of health (1982): The Health policy of Ghana.
Ministry of Health, Accra.

MOH/GHS (1998): Ga District health Service. First Quar-
ter Report. 1998, Ministry of Health / Ghana Health
Service.

Oppong, L.R. (1996): Accommodating the rainy season in
Third World Location-allocation Applications. Socio-
Economic Planning Scicinces 302y 2124137,

Oppong. J. R. & M. J. Hodgson, ( 1994): Spatial accessibil-
ity to health care facilities in Suhum District, Ghana,
Professional Geographer 46 (2): 199-209,

ReVelle, C.S. & R.W. Swain (1970): Central facilities loca-
tion. Geographical Analysis, 2: 30-42.

Statistical Service (1989): 1984 Population census of
Ghana. Special report on localities by local authorities.
Greater Accra Region. Statistical Service, Accra.

Geografisk Tidsskrift. Danish Journal of Geography 101 153



