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Peshawar city

Peshawar is a city in the north of

Pakistan.  Latitudes and longitude
(34.0151° N, 71.5249° E"). The study
area has a surface area of 215 km2. The
population of Peshawar City is 1.97
million number of people.

DISTRICT PESHAWAR IN CONTEXT OF PESHAWAR REGION
AND KHYBER PAKHTUNKHWA
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Map 1-1: District Peshawar with Context of Peshawar Region and KP




Statement of the Problem

As a consequence of population growth and development activities,

high amounts of household and municipal solid wastes are generated. The

population of a Peshawar city is growing due to both natural increase and

through immigration of people from rural areas to city.

The current waste disposal system of the city 1s open dump system
and the site 1s filled out, causing many dangerous problems to the
agricultural lands quality residents, and also to health.




Scope of the Study
Presently, there are no landfill site in Peshawar City that follows the scientific

and environmental criteria which are usually applied in the selection of

landfill sites. There are irregular waste disposal sites or dumping sites which

are distributed throughout the cities of the Governorate. These sites caused

many environmental problems in those areas. The main aim of this research [
is to select the best landfill sites in Peshawar city that conform to international
and environmental criteria. To achieve this goal important criterion that can

affect the environment were considered. Then, GIS technique and




multicriteria decision-making method (AHP) were used to define the best

suitable sites.




Methodology

To evaluate study area for selection of a suitable

|
1 landfill site, the analytical hierarchy process
| (AHP) together with GIS with its special

analysis tools, were used to prepare maps

layered according to sixteen criteria. Analytical
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Figure 2. Flowchart of model for landfill sitting
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Figure 3. 2: Tree diagram of the decision process developed for selection of suitable landfill site
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Fig. 1..(a) Built up 2010 after SPOT Image 2.5 m, 2010; (b) Weighted built up
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Sub-Criteria Weights

Fig. 2. (a) General Land use Pattern after SPOT Image 2.5 m, 20100; (b) Weighted Land use.







Sub-Criteria Weights

Fig. 3. Land values Sites (Source: Field Survey, 2010,.

T1:30E 71°4
1 1

340N
i

350N
1

Legend

D District Boundary
Major Roads

. o

.

s

15




Sub-Criteria Weights

Fig. 5. () Major roads after SPOT image, 2010; (b) Weighted road network
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Sub-Criteria Weights

Fig. 6. (a) Major rivers (Source: Survey of Pakistan), (b) Weighted major rivers.
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Sub-Criteria Weights

Final Selection of Site

All above data was prerequisite for the final selection of the site. Data about land use, land values, transport network,

rivers and water bodies, slopes, airport and water table was used as separate layers for final analysis. Theses layers were

combined using raster calculator to get the final combined weighted map .
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Sub-Criteria Weights
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Sub-Criteria Weights

Fig. 9. (a) Airport distances; (b) Weighted airport.
Fig. 10. (&) Combined weighted map; (b) Reclassified weighted map.
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Sub-Criteria Weights
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Sub-Criteria Weights

Fig. 11. Final suitability map..

(Fig. 10a). New layer was built in which each was processed to fit in the selection criteria. This layer served as a base on
which depend the selection of suitable site for solid waste disposal. In this layer each data set was reclassified to fit in the
layer according to criteria.

Weights were reclassified into three classes for the optimal sites (Fig. 10b). The optimal sites according to the above
criteria are shown in the final map (Fig. 11). The whole city district was divided into three categories. Areas having
highest weights were designated as most suitable while areas having lowest weights were lest suitable for the landfill.
Most suitable sites were mostly located in southern part of the city. In the north the slope is very gentle and water table is

also very high that is why it was not selected although some other conditions were suitable. The selected sites were
located within 5000 meters from the major roads. They were also outside the buffer of 1000 meters from the built up
area so as there is no adverse consequences from the land fill sites. Slope was also very reasonable, neither too steep nor
too gentle as is evident from the slope map. The sites are also located outside the buffer zone of 1000 meters from the
existing rivers as well as the canals. The land use at all these sites was rain fed agriculture. The sites identified as most
suitable have sufficient area to cope for at least twenty years. Sites declared as most suitable cover an area of 36 ha in

different sizes ranging from smallest 1.2 ha to 12 ha largest fragment. As it is evident from the land use map that most
23



Sub-Criteria Weights

widespread land use in Peshawar was agriculture and it was very difficult to avoid agricultural land. Because the barren

and range land in Peshawar city district were located in unsuitable location in terms of slopes, accessibility and stability of

slopes.
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Determination of Relative Importance Weights
of All Criteria Using the AHP Method

In the AHP method, selection criteria can be identified and weighted, and the collected
data can also be analyzed, accelerating the process of decision-making. The hierarchy
is deconstructed into a pair comparison matrix. This pair-wise comparison is used to
determine the relative importance of each alternative in terms of each criterion. In
typical analytical hierarchy process a nine-point scale 1s used, where each point equates
to an expression of the relative importance of two factors, e.g. "A is of the same
importance as B" or "A is more important than B*. These studies use a scale with
values ranging from 1 (equal importance or no difference) to 9 (absolute importance

or extreme preference) as shown in table 1.
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Table 1. Scale of relative importance for pairwise comparison (Saaty,
1980)

Intensity of Importance Definition

1 Equal importance

2 Equal to moderately importance
3 Moderate importance

4 Moderate to strong importance

20




5 Strong importance

i
!
- |
6 Strong to very strong importance |
|
7 Very strong importance
8 Very to extremely strong importance
9 Extreme importance

Table 2.Pair-wise comparisons matrix for selecting a suitable landfill site, eigenvector and relative weight of
criteria
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1/6 1/2 1/3 1/5 1/2 2 1/5 1 1/2 1/4 1/3 1 1/2 3 1/4 0.48 0.025
1/7 2 1 1/6 3 3 1/5 1 1/2 1/3 1/2 2 1 3 1/2 0.77 0.039
1/7 1/4 1/4 1/6 1/2 1 1/7 1/3 1/3 1/6 1/5 1/3 1/3 1 1/4 0.29 0.015

12

1/5 2 1 1/3 5 1/3 1/4 3 2 1/4 1/2 4 2 4 1 1.02 0.055

Evaluation of Landfill Suitability Site ;
In order to find the suitability index value of the potential areas, A total -

of sixteen layers map were entered in raster in to the GIS. Then, the
weighted linear combination (WLC) method was used based on the
following Eq. (3.7):
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Ai=W;XCij
j=1
where, A1 1s the of suitability index for site area 1, Wj is the relative

importance weight of criterion, Cij the grade value of site area 1 below
criterion j and n is the total number of criteria

.In the GIS environment “Map Algebra™ in the special analysis tool has been
applied to create the final map of the landfill site suitability index. Divided

the final map into five-group type depending on the suitability of the
candidate landfill site selected.







Conclusion

Use of technology for real life problems have made it easy to find their proper solution without wastage of time

and resources. The analysis criteria used in the identification of suitable sites for solid waste disposal in Peshawar

‘ity district indicated that using the GIS/RS technology can help local planning authorities to identify proper

isposal sites. Presently solid waste is disposed at open spaces just outside the municipal boundary creating health

hazards for the surrounding population. Some of the waste is thrown to larger water channels particularly the Bara
River, making its water unfit for drinking purpose. GIS is now most widely used instrument to assist in the finding
of suitable sites for landfill siting purposes. Using GIS for assessment of potential dumping sites will save time and
resources. Usually local planning authorities have only limited resources and expertise to execute a sustainable

siting procedure which causes considerable harm to the environment. This requires analysis of a great deal of
32



spatial information and factors that can affect the optimum selection of site. Though there is a limitation of data
availability. For this study seven different thematic layers were taken for GIS analysis. Some other factors like
industrial areas, geological structure and wind direction that may also affect the sitting of suitable sites but they
were not included in the present study due to data limitations. After analyzing the thematic layers, most suitable
waste disposal landfill sites were identified. These sites in general meet the required criteria of the suitable sites.

Amongst them the local planning authorities must select the “potential landfill” sites by a careful ground

-preliminary survey.
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