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Abstract: Nowadays, the importance of water resources increases a lot depends on rapid population growth, industrialization and climate 
change. Lands in a certain area must be used in accordance with their characteristics to achieve sustainable water resource management. 
Forest ecosystems are one of the most protective measures which allow us to benefit from water resources both effectively and without 
harming natural life. Thus, it is too important to determine priority forest areas in a certain area. Benefits of afforestation or rehabilitation 
practices to water resources in relatively more priority areas are higher than less priority ones. In this study, priority forest areas in 
Kahramanmaras city which has important water resources of Turkey were determined. In order to determine priority forest areas, analytic 
hierarchy process (AHP), one of the Multi-criteria decision making methods, and Geographic Information System (GIS) were used. 
Elevation, slope, land capability class, soil type, soil depth and erosion status were considered as criteria in AHP. A score between 1 and 
4 was assigned to sub-criteria of each criteria considering forest priority level. Weight score of each criterion was calculated with the help 
of pairwise matrix. Weight scores of criteria and scores of the sub-criteria were reached by the help of expert opinion and literature. Then, 
each criteria map was overlaid by using weighted overlay tool in ArcGIS, and priority forest map was produced. According to results, 
first grade forest priority areas constituted 31.43% of study area, whereas second, third and fourth grade forest priority areas  constituted 
40.29%, 15.78% and 9.17% of study area. Consistency ratio of pairwise matrix was calculated as 0.02. 
Keywords: Water resource, Priority forest areas, AHP, GIS 

1. Introduction 

It is known that forest ecosystems have a rehabilitative impact on water resources (USDA, 2000 ). This impact is due to 
ecological function of forest (hydrological, erosion prevention, climatic, community health care, nature conservation, 
esthetics, recreation, etc.) (Führer, 2000). There are many effects of forest on quality, quantity and flow pattern of water 
resources. For example, some studies reported that forest areas receive 15%- 50% more rain compared to other areas. It was 
determined that forest made 44% of rainfall received into usable water, whereas this ratio in non-forest areas was 14 % 
(Mizrakli et al., 2008).

Recently, climate change and global warming due to primarily industrialization get to become efficient. It was reported 
that increases in number and frequencies of natural disasters will occur along with climate change in different parts of the 
World (IPCC, 2012). It is expected that global warming may cause ecological degradations relating to water resource 
decrease, forest fires, drought and desertification in Turkey which is among the risk countries in terms of potential effects of 
global warming (Turkes et al., 2000).  Climate change may also lead to adverse effects on agriculture, forestry and water 
resource in particularly semi-arid and semi humid regions (central Anatolia, southeastern Anatolia, Aegean and 
Mediterranean) under desertification threat in Turkey (Turkes, 1998).  In this context, forest, known as one of the most 
significant CO2 sinks, has an important role in combating against climate change. Forest lands together with agricultural, 
rangeland, wetland and green areas in settlements; sequestrate average 25% of CO2 emitted to atmosphere (CSB, 2013).

One of the positive impacts of forests on water resources is to reduce erosion and sedimentation (Gellis et al., 2006). So, 
forest prevents to decrease in storage capacity of dam some of which has recently larger area than natural ones, and takes an 
important place in human life due to its services such as potable and utility water supply and energy generation. Soil removed
from any place of watershed reduces water storage volume by entering dam systems, and gives rise to shorten economics life 
of dams (Sabir et al., 2013).

Water is one of the important components in agricultural production. In Turkey, water use of agricultural sector is more 
than domestic and industrial water (Evsahibioglu et al., 2010). Major part of water in agricultural production is supplied from 
dams and draw well. Especially areas where water was not supplied by irrigation canal, groundwater becomes very important 
and ensures sustainability of production (Evsahibioglu et al., 2010). Therefore, increasing of groundwater quantity and quality 
is essential. Forest ecosystems reduce runoff and infiltrate more water into soil. Litter composing of decayed leaves, needles,
branches, etc. under forest trees constitutes a spongy layer. A well-developed spongy layer covering soil, conserves soil 
surface structure, reduces runoff due to its very high water holding capacity, and increase water amount infiltrating into 
soil(FAO, 2008; Gomyo and Kuraji, 2016; Neri et al., 2013). Besides, ıt is known that litter layer has an effect increasing
water quality (Fulton and West, 2001; Neary et al., 2009).

Nowadays, water becomes important political and economic power (Selby, 2003). So, we have to benefit from water 
resources effectively and sustainable. Forest ecosystems are one of the most protective measures which allow us to benefit 
from water resources both effectively and without harming natural life (Kreye et al., 2014). Therefore, practices such as 
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expanding forest area and rehabilitation have to be performed. When these practices are performed, priority forest areas are 
prioritized to get the highest efficiency. 

Recently multi criteria decision making methods have become a widespread methods used to solve problems regarding to 
ecosystem functions (Altunel and Akyuz, 2007). MCDM includes selecting among alternatives and grouping and arraying 
alternatives by taking a few alternatives into consideration (Esen, 2016). AHP, one of the MCDM methods, tackles problems 
hierarchically and based on pairwise comparison (Saaty, 1980). Priority areas can be determined by using AHP with 
geographic information systems (Akbulak, 2010).

Kahramanmaras city center is located in Mediterranean region where is expected to be influenced by climate change in 
Turkey. In the city center which has large water reservoir, dams and weirs in commissioning, under construction and planned 
stages and streams exist (Yücel et al., 2013). In irrigated farming areas, groundwater is also used as both irrigation and potable 
water (CSB, 2012). Erosion which is one of the most important problems in Mediterranean belt poses a threat to dams in study 
area (Verheye, 2009).

In this study, it is aimed to determine forest priority areas whose essential function is natural protection such as especially 
soil and water conservation, and so generate data considered in land use planning in future. 

2. Material and method 

Study area is 33626.89 ha and covers city center and immediate area (98% of Kahramanmaras administrative border) of 
Kahramanmaras located in Mediterranean region (figure 1). Average elevation is 568 m, and it increase up to 3000 m above in 
north part of study area. Average slope is 44.6%. Annual average rainfall and temperature are 727.7 mm and 16.9 C 
respectively. Average maximum temperature is 47.5 C in August, while average minimum temperature is -9.6 C in February 
(DMI, 2017). Winters are warm and rainy, summers are hot and dry. In the study area, Menzelet, Klavuzlu, Sır, Ayvalı, 
Sarıguzel, Suçatı ve Cataloluk dams exist. Dominant land use types are forest, rangeland, cultivated and settlement areas.

Figure 1. Location of study area on satellite image 

In order to generate maps used in the study, contour, land capability class, soil type, soil depth and erosion maps were 
used. Results obtained were evaluated in conjunction with current forest management plan including study area. 

  
In this study, it was aimed to determine priority forest areas in Kahramanmaras city. A gıs based AHP method was used 

to produce priority forest areas map. This method is a robust and flexible decision-making tool that is used for finding 
solutions of complex multicriteria problems such as a determining the priority of conservation practices (Fallah et al., 2016; 
Valente and Vettorazzı, 2008), landslide susceptibility mapping (Pektezel, 2015) or soil erosion risk assessment (Wu and 
Wang, 2007; Rahman et al., 2009).

The AHP method consists of four steps: 
(1) Structure the problem into a hierarchy having different levels, i.e., goal, criteria, sub criteria, and alternatives 
(2) Make pair-wise comparison matrix =[ ] × , where is matrix size and ≥0 × =1, – importance of the ith 

decision factors over the th decision factors by using table 1. 
(3) Calculate the relative weights (priorities) of decision factors using prioritization method, e.g. eigenvalue (EV) method 

(Srdevıc, 2005).
(4) Make synthesis of the priorities. All matrix must satisfy consistency test by using formula 1, i.e., judgment matrix are 

accepted if consistency ratio (CR) obtained using consistency index (CI) and random index (RI) is less than 0.10 ( Vulević 
et al., 2015) or if also first eigen value equals matrix size (Arslan, 2010). 
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 Table 1. The fundamental scale of absolute numbers (Saaty, 2008)

Intensity of 
Importance Definition Explanation

1 Equal Importance Two activities contribute equally to the objective
2 Weak or slight
3 Moderate importance Experience and judgment slightly favor one activity over another
4 Moderate plus
5 Strong importance Experience and judgment strongly favor one activity over another
6 Strong plus

7 Very strong or demonstrated 
importance

An activity is favored very strongly over another; its dominance demonstrated in 
practice

8 Very, very strong

9 Extreme importance The evidence favoring one activity over another is of the highest possible order of 
affirmation A reasonable assumption

CR= CI / RI                                                                                         (1) 
Where; CR = Consistency Ratio                                                                  
               CI = Consistency Index, CI= (λmax-n) / (n-1)  
               RI = Random Index (table 2), λmax = First eigen value, n = Numbers of factor

Table 2. RI values for different values of n. (Triantaphyllou and Mann, 1995) 
n 1 2 3 4 5 6 7 8 9

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45

Elevation, slope, land capability class, soil type, soil depth and erosion status were considered as criteria in AHP. A score 
between 1 and 4 was assigned to sub-criteria of each criteria considering forest priority level. 1 represented the lowest priority,
while 4 represented the highest priority in this study. Weight score of each criterion was calculated with the help of pairwise 
matrix. Weight scores of criteria and scores of the sub-criteria were reached by the help of expert opinion and literature.  

Criteria maps were classified taking sub criteria score into account in ArcGIS environment. All maps must be raster 
format and same grid size in this study. So, vector maps were converted to raster maps with 30x30 m grid size. Finally, each 
criteria map was overlaid by using weighted overlay tool in ArcGIS, and priority forest map was produced. 

Results were examined considering current forest management map of study area. Thus, forest priority map was overlaid 
with current forest management map. 

3. Results and discussion 

Main goal of this study was to determine areas on which forest practices must focus so that effectiveness and efficiency 
principles were provided in water and soil protection. In order to determine these areas, AHP method and GIS were used. 
Elevation, slope, land capability class, soil type, soil depth and erosion status were considered as criteria in AHP method.  

It is clear that soil resources must be primarily protected for water resources protection. Erosion had the highest weight 
value because it is the leading factor posing a threat to soil resources. Criteria following the erosion, slope and elevation had 
0.24 and 0.14 weight values respectively. Table 3 shows criteria weight and sub criteria score obtained from AHP method, 
expert opinion and literature. 
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Table 3. Weight values of criteria and scores of sub criteria 

Criteria Weight Sub criteria Score

Elevation (m) 0.14

<800 1
800 - 1000 2
1000 - 1400 3
1400 - 2000 4
>2000 1

Slope (%) 0.24

0 - 2 1
2 - 6 1
6 - 12 1
12 - 20 2
20 - 30 3
> 30 4

Land capability class 0.12

1 1
2 1
3 1
4 2
5 4
6 3
7 4
8 1

Soil type 0.04

Alluvial 1
Brown 2
Reddish brown mediterranean 2
Reddish brown 3
Colluvial 4
Brown forest 4
Non-calcareous brown forest 4
Non-calcareous brown 3

Soil depth (cm) 0.07

<30 4
30 - 60 3
60 - 90 3
90 - 150 2
>150 1

Erosion 0.39

No or very low 1
Moderate 2
High 4
Very high 4

After determination of criteria weight and sub criteria score process, each criteria map is overlaid in GIS environment. As 
a result of this process, forest priority map obtained is presented in figure 2. 

Figure 2. Forest priority classes map 
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Study area was divided into 4 classes in terms of priority. Areas with highest priority, called first degree priority areas, 

constituted 31.43% of study area, while second, third and fourth degree priority areas constituted 40%, 15% and 9.17% of 
study area respectively (table 4).

Table 4. Areal distribution of priority classes 
Priority level Area (ha) Percent (%)

1 105894.3629 31.43
2 135734.1500 40.29
3 53171.3300 15.78
4 30881.7800 9.17

water surface 11245.2600 3.34
Total 336926.8829 100.00

When examine current management plan of study area, 43.35% of 1st degree areas comprised of degraded stands, while 
28.41%, 12.22% and 0.53% of 2nd, 3rd and 4th degree areas comprised of degraded stands respectively. In addition to this, it 
was determined that forest was dominant land use in 1st and 2nd degree priority areas; whereas agriculture was dominant in 3rd

and 4th degree priority areas (table 5).

Table 5. Land use distribution of priority classes 
Priority  level of forest Areal distribution (ha) Percent (%)

1

agriculture 7253.4885 6.85
settlement 278.0031 0.26
open space 19818.0700 18.71
rangeland 463.7776 0.44
degraded stand 44849.6040 42.35
afforestation 1583.3760 1.50
Stands with 1,2,3 crown closure 31300.0700 29.56
others 347.9737 0.33
total 105894.3629 100.00

2

agriculture 26215.7900 19.31
settlement 1709.9000 1.26
open space 23135.2500 17.04
rangeland 109.3400 0.08
degraded stand 38558.5700 28.41
afforestation 1080.1590 0.80
Stands with 1,2,3 crown closure 43937.8600 32.37
others 987.2810 0.73
total 135734.1500 100.00

3

agriculture 19482.9900 36.64
settlement 4380.8500 8.24
open space 11345.3100 21.34
rangeland 0.0300 0.00
degraded stand 6497.5600 12.22
afforestation 434.0260 0.82
Stands with 1,2,3 crown closure 9605.3000 18.06
others 1425.2640 2.68
total 53171.3300 100.00

4

agriculture 25479.9200 82.51
settlement 3385.2700 10.96
open space 950.9300 3.08
rangeland 0.0000 0.00
degraded stand 164.9300 0.53
afforestation 80.4400 0.26
Stands with 1,2,3 crown closure 800.2000 2.59
others 20.0900 0.07
total 30881.7800 100.00

It was seen that 3rd and 4th degree areas were generally located in lower slope areas according to slope map (figure 3).
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Figure 3. Slope classes map 

Relatively lower agricultural area ratio (6.85%) in 1st degree areas indicated forest rehabilitation and afforestation 
practices may make more contribution than measures in agricultural areas to water and soil protection practices, when 
compared to other priority classes. When afforestation practices in priority classes are evaluated, 1st degree priority class has 
the highest value as both area and ratio (1.50%), while afforestation ratios of 3rd, 2nd and 4th degree priority classes are 0.82%, 
0.80% and 0.26% respectively (table 5). This situation indicates that priority area approach is not considered adequately in 
study area. 
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