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ABSTRACT

Accessibility is an important aspect in the evabaratof suitability of an area in the
context of natural resource management or landsemgodogy. In many geographic
information software packages a distance functoim¢luded, but the creation of adequate
accessibility models requires more than simpleadis® calculation and in practice is not
that easy. A theoretical test area is used to dstrete how different terrain variables will
influence the results of the application of thetatige function. With the understanding
obtained that way, the approach is applied in d case study area to illustrate its
possibilities but also some difficulties and lintikgs that are still encountered.
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INTRODUCTION

The aspect of accessibility should play an impdrtae in many Natural Resource
Management or Landscape Ecology studies, especialign trying to evaluate the
suitability of an area for a specific purpose oassess the possible impact of an anticipated
or planned interference.

But in many cases such evaluations are very el&banathe analysis of the physical
aspects of soil and terrain, but rather ephemeralealing with the accessibility factor.
Generating and displaying buffer zones of a certhistance around settlements and/or
along roads, often disregarding physical obstades;ommonly encountered. See for
example Figure 1, in which the distance zones igtioe presence of a lake.

As a first approximation this may be acceptable foumore refined analysis more detail
is required. The present generation of Geograpifarination Systems (GIS) does allow
such detailed analysis. Where the vector base@rsgsseem to be confined to the buffer
zone approach, the raster based systems can supptsophistication. The aim of this
paper is to indicate in what way the distance fiamcof GIS can be used to create more or
less realistic accessibility models.
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Fig. 1: Representation of a study area with indicabn of distance zones from roads
and settlements. (Valenzuela, 1988)
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UNDERSTANDING THE BASICS OF ACCESSIBILITY MODELLING

Most GISs have a facility to calculate distancesmfra certain point or line. The
procedure and terminology may vary from one sydietime other, but the basic principles
remain the same.

For using the distance facility the point, lineayea from which the distance has to be
calculated should be defined as “origin” or “tafgé€tositive values can be assigned to the
rest of the area in order to give weights, and tregavalues to demarcate areas that are
unreachable. In this way a “resistance” or “cost‘face is created.

The software then calculates values in metersHerdefined setting (in some systems
may be still in grid cells) from the origin. (Z€2008)

Visualization of these distances usually calls é¢t@assification. This can be done, for
example, by dividing the scores for meters by tlandsto obtain the scores in kilometres,
or by using a conversion table or utility to gaisimilar result.

To understand how the characteristics of a resistanrface will influence the shape and
width of distance zones it is worthwhile to applyon a theoretical test area first. As an
example an imaginary area of 10 x 10 km with onetre¢ city was digitized and then
converted to a raster map with grid cells of 25ergtin which the city was defined as the
origin.

Having assigned the value of 1 to the surroundiren,aapplication of the “distance
function” of GIS creates a nice set of concentristahce zones that could be easily
classified into kilometre zones, as is shown inifigg2.
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Fig. 2: Distance zones around one area of originlassified in kilometres

To add one complexity, the uniform area arounddhehas been subdivided into three
zones with values of 1, 2, and 3 respectively agsigo them, representing various degrees
of resistance to traffic (of any kind) as can biefd, for example, by various cover types,
terrain or slope conditions. This situation is ex@nted in Figure 3 (left). Applying the
distance function to this situation and classifyihg results again into kilometre zones
gives the result as shown in Figure 3 (right).

Fig. 3: left: Central city with three zones of diferent resistance (black = 1; medium
grey = 2; light grey = 3); right: The distance zone resulting from this situation
classified in kilometres.
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In the area of the value of 1, the zones are ok#me width as those in Figure 2. Where
the value is 2, the zones are half the width. Whieeevalue is 3, the zones are one third of
the width. Of course, it has to be realized thav tlee zones do not represent real distances
any more, but should rather be expressed in theagut of travel time.

Such a conversion has to be based on empiricakperienental data - indicating how
much a certain terrain condition will slow downfti@- rather then by rule of thumb. It
should also take into account the way of transpbherefore, considering an average
walking speed of 6 kilometres per hour, the zomeBgure 3 (right) would correspond to
intervals of 10 minutes travel time. (Zee, 2008)

In another example one isolated zone with differesistance is added to the otherwise
homogeneous area. In one case this zone was eogitb be a mountain barrier and
given a high resistance value (50). Using the selassification as for Figure 2 the results
of applying the distance function in this case aseshown in Figure 4 (left). The distance
zones curve around the mountain and penetratdyitvath difficulty. The effort it takes is
represented by the very narrow zones. When playittgthe resistance value in the model
it becomes very clear that with increasing heighthes value the zones become narrower
and narrower.

Should the zone be defined as completely inacdesdilr example a lake rather than a
mountain, application of the distance function tessin the same pattern of zones curving
around the obstacle as in Figure 4 (left), butdhstacle itself remains a completely blank
area, see Figure 4 (right).

Fig. 4: left: Central city in homogeneous area withone isolated resistance zone
(mountain barrier) and the corresponding distance/tavel time zones; right: The same
but then with an isolated absolutely inaccessiblebstacle area (lake).

It may not be too difficult to visualize what wouldhppen to the distance zones if the
completely inaccessible area was represented byemarossing the entire area of study,
rather than a lake, and then, what would be thecefdf creating one place where it is
possible to cross that barrier. (Zee, 2008)
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In the previous models the access was more otthesght of in terms of cross-country
accessibility. Traffic commonly follows roads anther lines of infrastructure. For some
vehicles the accessibility is restricted to theseed and everything else would be
inaccessible. But resistance values can also lekinghis case to express the difference in
time needed to cover the same distance with a ehiong the road, or by foot cross--
country. For example, if on the road the averagedpvas 60 kilometres per hour, and by
foot it is 5 kilometres per hour, a resistance gakiation of 12:1 should be applied.

Thus, in the resistance surface the road gets @aheeVl and the surrounding area the
value 12. Although some vehicles can also travieta#d, be it at lower speed, the thought
behind adding the value 12 is to show the effe¢hefcombination of travelling by vehicle
along the road and then continuing off the roadomn.

In a further complication of the infrastructuratts®y, secondary roads with the value 2,
representing the average travel speed of 30 kil@sgter hour, are introduced; see Figure
5 (left). The resulting accessibility zone pattesrpressed in zones of 5 minutes travel time,
is displayed in Figure 5 (right). The entire areanot covered by zones because the upper
threshold limit has been reached, beyond whichaloes are displayed. This can be fixed
by adapting the scale factor or the classificatenmge. (Zee, 2008)

Fig. 5: left: Central city in homogeneous area withprimary (solid line) and secondary

(dashed line) roads; right: the resulting pattern & accessibility zones in intervals of
five minutes travel time.

When being aware of the effect of each of the iildial factors on the distance function, it
is time to see how these factors act while combinesi more or less realistic situation. To
do so first a map layer is created containing g @@efined as origin), a river (absolute
obstacle) and a mountain (high resistance valui#), tve remaining area of the value of 12.
On top of that is superimposed the map layer comtgi main roads (value 1) and
secondary roads (value 2). The section of seconaey crossing the mountain has been

re-digitized to allow for the curving pattern a mtain-road is supposed to have. See
Figure 6 (left).
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Fig. 6: left: Central city in with primary and secondary roads, a river as obstacle and
a mountain barrier; right: the resulting pattern of accessibility zones in intervals of
ten minutes travel time

Applying the distance function to the combined maping the appropriate scale to
eliminate the upper threshold in the classificattord defining intervals corresponding to
10 minutes travel time, gave the result shown gufé 6 (right).

Removing the threshold also allows to show zonmgnbre remote corners, as can be
observed when comparing Figure 6 (right) b to Fegbir(right). The pattern of zones south
of the river is similar to that in figure 5 (rightfo the north of the river the pattern is
influenced firstly by the fact that the river camlybe crossed at one place, and secondly by
the high resistance factor of the mountain.

The zones spreading out from the road that crassemountain are narrow. The wider
zones spreading in front of the mountain and stgrto curve around it, meet with the
zones spreading from the road beyond the mountasying some islands of high
inaccessibility on the top of the mountain rangeboth sides of the mountain road.

In this way the various factors influencing acce#isy can be combined in order to
obtain a more or less realistic picture of the ‘araacessibility. Of course, the example has
been kept rather simple, with only a few paramet®ta in principle it can be expanded to
include more refined weight factors, for examplg, deriving resistance values from a
Digital Elevation Model.

For such weight factors to become realistic, eropiridata on distances covered by
different modes of transport under different coiodis have to be collected and validated. It
might be useful to create accessibility modelsdifierent modes of transport separately
first and only when relevant try to integrate omimne them into one overall accessibility
model. Accessibility may also have to be addredeeddifferent seasons: winter and
summer or wet and dry season. (Zee, 2008)

A lot of research still has to be done before agibddy models can really be operational.
But, when using accessibility models in this wayereif still only by rule of thumb, it may
be relatively simple to assess the influence ofstroction of a new road, or the effect of
the choice of a particular route for it. It mayalse assessed in this way whether certain
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natural resources are under pressure because iofrétetive accessibility and whether
certain measures to restrict accessibility wouldehthe desired effect. A real life case
study may serve to illustrate a practical applarati

APPLICATION OF ACCESSIBILITY ANALYSIS

An early attempt to apply this approach of acceldsibmodelling was hampered by the
fact that the digital elevation model and the digiand cover map were not available,
which resulted in manually plotted travel time zen&ee, 1989). Other examples have
been elaborated in several case studies, for exarmpe related to forest degradation and
deforestation in relation to accessibility (Maly¥aril998), another trying to relate the
number of reported malaria cases not only to teasawith high suitability for the malaria
mosquito, but also to the accessibility to hospitahd polyclinics (Ohemeng, 1997).
However, in these examples the resistance factere Wased on mere assumptions. In the
very nicely elaborated example that has been preddry Mauricio Gonzalez for the Ruvu
North Forest Reserve in Tanzania, just north of @aBalaam, (Gonzalez Mantilla, 2007)
the assumptions have been based on field obsamsatiod empirical data. Therefore this
case will be used to illustrate the possibilitiésaocessibility modelling. The accessibility
analysis approach was applied to assess the vbitgraf the resources in this forest
reserve to the pressure exerted on them from theuwnding villages. The mode of
transport considered was walking, because althpegiple tend to use bicycles to get into
the area, they walk back pushing their bikes withaa of charcoal or fuel wood. The use
of trucks is still exceptional.

The different variables included in the accesgipilinodel were the availability and
condition of roads, land cover classes, slope sespand the location of settlements.

The location of the settlements that were defire@ants of origin for the calculation of
the accessibility model was extracted from the texgstopographic maps from 1987. The
road network was digitized from the same topograpiap and was (partly) updated during
the fieldwork in 2007 using the Global PositioniBgstem (GPS) equipment. The roads
were classified into five types depending on thiality and for each type the travelling
speed in kilometres per hour was assessed, paateddon experiences during the
fieldwork. The travelling speed by car was con®detioo, in order to indicate the influence
this mode of transportation might have. See Table 1

Table 1: Travelling speed per road type

Road type Road Quality Travelling speed in km/h
By walking By car

Main road All weather road: bound surface 6 60

Secondary road |  All weather road: loose surface 6 50

Secondary road | Dry weather road 6 30

]

Track Main track (motorable) 4 20

Trall Other track and footpath 3 0

With regard to the fact that not all area inside téserve is included in the road network,
the influence of the land cover on accessibility tabe considered. During the fieldwork it
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was observed that walking through thicket was mdificult than walking through
grassland or woodland. A land cover map made orbése of a SPOT image from 2003
was used for the analysis of this aspect. For e felevant cover types the average
travelling speed has been assessed based on fi&ldwperience. See Table 2.

Table 2: Travelling speed per land cover class

Land cover class Travelling speed in km/h
Thicket 0.5
Shrubland 0.7
Woodland 1.0
Grassland 2.0
Agricultural land/bare soil 3.0

Once the travel speed classifications for land colasses and road types were translated
into map layers, the two layers could be mergedtlsd values for the roads are
incorporated in the land cover layer.

In addition, slope steepness is a variable that gy influence the speed of travel. The
slope steepness was derived from the availabladbiglevation Model (DEM). The slopes
were classified into 5 classes and to each cldastar was attributed that represented the
reduction in travelling speed related to the slppeentage. See Table 3. These slope speed
factors are partly based on field experience, kaihiyp on estimated guesses.

Table 3: Travelling speed factor per slope class

Slope % Slope speed factor
0 1.0
0-2 0.9
3-4 0.8
5-6 0.6
7-10 0.5

To apply the influence of the slope, the compositg with travel speed values for land
cover and road types was multiplied by the valusisey from the slope factor map. The
result is a travel speed map.

In order to obtain a travel condition map, travestcsurface or resistance surface; the
values of the travel speed map have to be inverBed. is done by dividing the travel
speed under normal conditions (= 6 km/h) by theuemlon the travel speed map. For
example, when the pixel value of the travel cooditmap is 1 there is no resistance, so the
walking speed is assumed to be 6 km/h. If the pieadlie is 2 the travel speed will be 3
km/h. Therefore, the higher the values on the tremedition map, the longer it will take to
reach a certain point. The resulting travel conditnap is presented in Figure 7.
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Fig. 7: Travel Condition Map of the Ruvu North Forest Reserve (Gonzalez Mantilla,
2007)
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Note that the western part of the study area wascowered by the SPOT image,
therefore the land cover aspect of the accesgilmitiild not be included there, instead, an
average value had to be used. Because of thectedtrarea covered by the satellite,
originally only the eastern part of the Ruvu Ndftbrest Reserve was included as the study
area. A small expansion to the west was requiredviercome some problems in the
accessibility model as will be explained in thddwling.

Before arriving to the final result of accessilyil&nalysis, different models were used and
compared to better appreciate which method appliasl the most appropriate in order to
generate travel time from the villages to the stadga. One of the methods just considered
a straight distance calculation from the settleméatthe reserve without any resistance
(Figure 8a). As can be observed, the highest valueavel time is 1.5 hours, which does
not represent the real situation in the area. (@ezzMantilla, 2007)
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Fig. 8: Results of the distance modelling withoutansidering any resistance factor (a),
considering resistance factors only for the area eered by satellite image, ignoring
the road coming in from the west (b), and taking ito account the presence of Buma

(c).

P High: 1.5

NB: High = high resistance therefore = low accesiipl

Another one was generated excluding the Buma éllagthe north-west of the study
area. (Figure 8b). The reason to do so was thettiattoriginally the accessibility model
was only generated for the area that was covereth®dyavailable satellite image from
which the cover types were derived. But as a reaheltinfluence of the location of Buma,
and of the road that leads from it into the resgiveot represented. Therefore, this result
does not permit to appreciate the magnitude ofirtkervention in this part of the study
area.
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Fig. 9: Travel Time Zones Map of the Ruvu North Foest Reserve (Gonzalez Mantilla,
2007)
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The travel condition map has been expanded acaydinaking an average cover
resistance value for the area of which no actuaércdata were available. When applying
this expanded travel conditions map to the acca#isgilanalysis (Figure 8c), both the
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resistance of the terrain and the influence ofltivation of all the settlements around the
study area are considered. Therefore, this resadt @onsidered to be the most appropriate
one for the spatial management plan of the RNFRng@lez Mantilla, 2007). Should the
data beyond the boundary not have been availalalk this would be a serious problem for
a realistic accessibility analysis.

Applying a classification to the continuum of vadum Figure 8c, including both the
resistance value from the travel conditions mawvel as the influence of the location of
all the settlements around the study area, resintdte final accessibility map (Figure 9) or
the travel time zones map. It gives a clear impoes®f which areas are under great
pressure, and where restrictions to accessibilftyproperly enforced, could be most
effective.

CONCLUSIONS

The distance function in many GIS software packagas be very well used for
accessibility modelling. The resistance factorthefterrain or landscape need to be defined
in as much detail as possible on basis of empidegh rather than on mere assumptions,
and distances have to be translated into travel tonthe models to become close to reality.
Even then the results should be critically examided inconsistencies or anomalies
resulting from the possibility of overlooking cartaaspects such as influences from outside
of the case study area. However, when taking &l itito consideration, there is a great
potential for creating accessibility models notyofdr all kinds of human traffic or travel,
but also for animal movements and maybe even gliapersal.
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