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Abstract: Urbanization has been an unavoidable situation due to human expansion worldwide. However, urban sprawl causes 
degradation of natural resources and loss of their services. As a consequence of this, urban ecosystems can not be able 
to adapt themselves rapidly to these changes and create opportunities to face up to new circumstances. Therefore, 
sustainably managing urban ecosystems for providing important ecosystem services become more crucial to meet 
several public demands in the context of both human well-being and resilience of urban ecosystems. In this 
perspective, the role of green areas or forests in urban ecosystems becomes prominent in terms of providing 
ecosystem services. The objective of this study was to determine the forest contribution to the resilience of Istanbul by 
providing water quality regulation and flood mitigation services. Kağıthane watershed which is located on the 
European side of Istanbul was selected as study site where the pressure has been increasing over the years. 11 sub-
watersheds were studied and land use types in the watersheds were classified into four groups as forest, rangeland, 
agricultural and urban areas. Both water quality regulation and flood mitigation services were quantified by using 
mathematical equations based on field measurement. Additionally, a scoring method was developed to determine the 
relevant capacity of each land use type. Results revealed that forested sub-watersheds had high potential while 
urbanized sub-watersheds have low potential for providing these services. Therefore, adaptive management 
approaches should integrate the ecosystem services into planning in the context of urban resilience. 
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1. INTRODUCTION  

Human being and environment have been related to each other in the context of being a part of 
the same ecosystem. However, this relation is based upon the dependence of human well-being on 
ecosystems’ services and processes (Ehrlich and Ehrlich, 1981; De Groot et al., 2002). Eventually, 
this supply-demand balance between humans and ecosystems has become a crucial issue in terms of 
ecosystem vulnerability and sustainability in a changing environment. Population increase, rapid 
urbanization and human activities such as land use changes can be mentioned as the main reasons of 
degradation of ecosystems and loss of their services. As a result of alteration and degradation of 
ecosystems, approximately 60% of ecosystem services have been destroyed or used in 
unsustainable manner worldwide (MEA, 2005). Additionally, more than half of the world 
population is expected to live in cities by 2030 (UN, 1997). Therefore, degradation of ecosystems 
and services is going to be more severe even if the cities and urban systems couldn’t be planned and 
managed sustainably through their services. Also planning urban systems by the lack of service 
conservation causes more vulnerable urban systems to environmental disasters such as floods, 
droughts, water scarcity (Peters et al., 2004). However, urban systems as the complex social-
ecological systems (Pickett et al., 2001) require to be resilient to all these disturbances (Alberti et 
al., 2003; McPhearson et al., 2014) in the context of providing human well-being (Tzoulas et al., 
2007). The key components of building the resilience of urban systems have been stated as 
ecosystem services in previous studies (Bolund and Hunhammar, 1999; Jansson, 2013). 
Additionally, green spaces and infrastructures along with forests in urban ecosystems became 
prominent in the process of providing urban ecosystem services. Beside these, the land and its use 
have been indicated as the main factors in terms of generating and providing ecosystem services 
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(Bolund and Hunhammar, 1999) and supporting biodiversity to promote ecosystem resilience in 
urban areas (Colding, 2007). Thereby, to moderate land use change impacts, ecosystem service 
based approaches and management strategies have begun to make sense in the process of 
conserving biodiversity, ecosystems and services in urban planning. On the other hand, 
quantification of ecosystem services has been highlighted in case of integration into management 
plans (Daily et al., 2009; Logsdon and Chaubey, 2013). 

Objective of this study was to determine contribution of forest to the resilience of Istanbul by 
providing water quality regulation and flood mitigation services among the hydrological services. 
To gain this goal, the relationship between different land use types and hydrological services in 
watershed scale was investigated and discussed. The effects of land use types on selected 
hydrological services were investigated by quantification of these services in the watershed. 
Furthermore, this study was implemented to estimate a practical ecosystem services based approach 
for urban planners to incorporate hydrological services into management plans in the context of 
urban resilience.  

2. MATERIAL AND METHOD 

2.1 Material 

    Kağıthane watershed which is one of three important watersheds on the European side of Istanbul 
was selected as the study site (39º - 45º N and 41º - 45º E). The watershed has 179 km2 area and 
drains into the Golden Horn. Upland of the watershed is covered by forests while lowland is 
occupied by residential areas. Average annual precipitation ranges between 800 and 1120 mm. The 
main parent materials of the region are Neogen Belgrad and Carboniferous formations while clay 
schists and alluvial zones can be seen locally in some parts of watershed (Çokoyoğlu, 2008). 
    This watershed was selected as study area because within the borders of it, there is a forest called 
Belgrad which had provided fresh water to the city approximately for 300 years from 17th to 20th 
century (Çolak and Kırca, 2015) whereas it has been used just for recreational facilities for a long 
time.  

2.2 Method 

   Water quality regulation and flood mitigation services were examined in this study. For the first 
step of this quantification methodology, the study site was divided into 11 sub-watersheds based on 
land use types by using ArcGIS (Figure 1a). Thus, any effect on these hydrological services 
throughout the watershed can be determined by using this study scale because of being regional 
services (Brauman et al., 2007). For spatial analysis, land use types were classified in four groups as 
forest, rangeland, agricultural and urban areas by using CORINE 2006 as base maps (Figure 1b).  
    The second step of this quantification methodology was to develop mathematical equations based 
on field measurements for both water quality regulation and flood mitigation services. Additionally, 
a scoring method was developed to determine the relevant capacity of each land use type. The 
quantification methods implemented for selected hydrological services were detailed below 
separately. 

2.2.1 Water quality regulation service 

    Estimation of water quality regulation service depends on indicators identifying the pollution or 
quality of water. In this study, pH, electrical conductivity (EC) (µS cm-1), turbidity (NTU), 
dissolved oxygen (DO) (mg l-1) and total suspended solid particles (TSSP) (mg l-1) were selected as 
physical water quality parameters to analyze and quantify. Except for total TSSP, water quality 
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parameters were analyzed with the WTW Multiline P4 Universal Meter (WTW, Weilheim, 
Germany) in the field. Stream waters were sampled for TSSP and analyzed by evaporation 
procedure in the laboratory. Since it was not a monitoring study, streams were sampled once for 
analyzing the water quality parameters. 
    Relations between water quality parameters and land use types were determined according to 
coefficients based upon land use intensities and value of water quality parameters by using a 
mathematical equation which was developed as; 

𝑌 = 𝑎 ∗ 𝑋! + 𝑏 ∗ 𝑋! + 𝑐 ∗ 𝑋! + 𝑑 ∗ 𝑋!    (1) 

where, 
X!, X! , X!, X!: Forest, rangeland, agricultural land and urban area as a percentage of total sub-
watershed (%) 
a, b, c, and d: Estimated coefficients for water quality parameters 
Y: pH, electrical conductivity, turbidity, dissolved oxygen and total suspended solid particles. 

 
     Estimated coefficients for water quality parameters were the coefficients for each land use type 
at the same time. Additionally, that provide a way to change the scale from single point to 
watershed. Also, this model was validated in other watersheds for the reliability of the coefficients. 
This model was calibrated in 27 sub-watersheds and validated in other 10 as a part of project 
involved Kağıthane watershed.  

After computing new coefficients of each watershed related to their land use types, water quality 
parameters were assessed by a simple scoring method, which was aimed to determine the ranges of 
parameters (Serengil, 2010). 

2.2.2 Flood mitigation service 

     Flood mitigation service was investigated based on Soil Conservation Service Curve Number 
Method (SCS-CN) and the results were used in a mathematical model. Therefore, to assess the 
curve numbers (CN) for different lands in the sub-watersheds, soil-cover characteristics such as 
permeability and cover type were determined according to field data of soil and spatial analysis, 
respectively. To study permeability, soil samples were collected from sub-watersheds. Permeability 
was calculated according to the Darcy Law (Frevert et al., 1959) whereas texture was determined by 
Bouyoucos Hydrometer method (Irmak, 1954). An average value of these soil properties was 
calculated for each sub-watershed in order to determine the hydrologic soil group (HSG) of soil 
samples along with the land use intensities to be used while specifying CN. Other than these soil 
and land use properties, flood mitigation service was linked to rainfall characteristics of the study 
site. Hereby, the rainfall more than 50 mm in 24 h was accepted to be a storm leading to flood (Fu 
et al., 2013). Due to daily precipitation data from the meteorological station in the study site, the 
single storms and their duration were determined. Based on these data, the amount of flood water 
mitigated by an ecosystem per year can be estimated as the difference between storm and runoff (Fu 
et al., 2013): 

𝐹𝑙𝑜𝑜𝑑!"# = 𝑃!" −
!!" ! !.!!
!!" !!.!!

!
× 𝑠𝑡𝑜𝑟𝑚 𝑑𝑎𝑦𝑠 (2) 

where Floodmit is flood mitigation (mm); Pev is single-event rainfall (mm); storm days is the number 
of stormy days and S is the amount of rain water (mm) retained by the ecosystem before runoff 
occurs which was as following (NRSC, 2004): 

𝑆 = !"#$$
!"

 − 254      (3) 
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where CN is curve number which is a coefficient taking a value varying between 0 and 100 related 
to site conditions such as land use, rainfall intensity and soil permeability (NRSC, 2004). 
     As it was mentioned above, CNs for all soil samples were determined according to the land use 
types and soil properties for all sub-watersheds. On the other hand, to determine CN for each sub-
watershed, weighted CN was calculated as (SCS, 1971): 

𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐶𝑁 = 𝑎 ×𝐶𝑁 100    (4) 

where Weighted CN is the curve number represents the whole watershed; a is the intensity of land 
use type. 
     Overall, the last step of this quantification methodology for both water quality regulation and 
flood mitigation services was to show the capacities of each land use types for the services they 
provide. Therefore, a classification based on a matrix which has a scale consisting of: 0 = no 
relevant capacity, 1 = low relevant capacity, 2 = relevant capacity, 3 = medium relevant capacity, 
4 = high relevant capacity and 5 = very high relevant capacity was used in order to determine the 
capacities (Burkhard et al., 2012). As a consequence of these computations water quality regulation 
and flood mitigation services were mapped in watershed scale. 

3. RESULTS 

     Size of the selected 11 sub-watersheds varied between 332.37 and 3908.50 ha consisting of 
different land use types such as forest, rangeland, agricultural and urban areas. Some of these sub-
watersheds included only one land use type while some included more than one. Thus, percentage 
of each land use types was changed in the sub-watersheds. 

3.1 Results of water quality regulation service 

     Results of field surveys and laboratory analyses showed that the water quality parameter values 
were changed from site to site depending on land use types. Therefore, as a result of using these 
measured values as inputs of implemented mathematical equation, the coefficients for both water 
quality parameters and land use types were estimated. So that, after implementing the mathematical 
equation with these coefficients which was used to link the land use types with these water quality 
parameters in watershed scale, the values of selected water quality parameters have changed related 
to land use types of sub-watersheds as expected. 
    Results showed that forest dominated sub-watersheds (SW-3 and SW-4) (95% - 94% forested) 
had the lowest EC (427 µS cm-1) and TSSP (0.384 – 0.350 mg l-1, respectively) whereas lowest 
forested sub-watersheds (SW-5 and SW-8) (non-existence forest) had the highest EC (1294 - 
1305 µS cm-1, respectively) and TSSP (1830 – 1843 mg l-1, respectively) among the 11 sub-
watersheds. 99% - 100% urbanized sub-watersheds that had the highest value of TSSP. Also, in the 
same sub-watersheds (SW-5 and SW-8), highest values for turbidity were estimated with the values 
of 215.02 – 217.90 NTU, respectively. In another sub-watershed (SW-7) which was 50% urbanized 
had highest values of EC (848 µS cm-1); TSSP (1.088 mg l-1) and turbidity (111.52 NTU) after these 
urbanized sub-watersheds (SW-5 and SW-8). Beside all these, pH values varied between 7.18 and 
8.16 while DO changed between 4.76 and 8.06 in all sub-watersheds. 
     Scoring all these values according to the range scale provided to obtain the map of water quality 
parameters in watershed scale. When examining the scores of water quality parameters, 2 was 
considered as the minimum while 8 was the maximum score in the sub-watersheds (Figure 1c). 
Following that, the scoring map has been transformed to the ecosystems’ capacity map which 
shows service provision capacity of ecosystems by using Burkhard’s capacity classification 
(Burkhard et al., 2012). The classification of ecosystems’ capacity in the sub-watersheds varied 
from no relevant capacity to high relevant capacity. When the land use types and capacities were 
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analyzed together, results showed that forested sub-watersheds had high relevant capacity whereas 
urbanized sub-watersheds had relevant capacity to provide water quality regulation service (Figure 
1d).  

3.2 Results of flood mitigation service 

     The hydrologic soil groups were determined based on soil properties and existing HSG were A, 
B, C and D group. According to the hydrologic soil groups and land use types in the sub-
watersheds, the Curve Numbers (CN) were varied between 30 and 98. Additionally, representing 
each sub-watershed with one CN was done by modifying CN to weighted CN related to land use 
types. Thus, the Curve Numbers (CN) were changed between 32 and 98. 
     After implementing the mathematical equation by using these weighted CN for each sub-
watershed, the amount of rain water retained before runoff was calculated. Results showed that the 
land use types either ecosystems in sub-watersheds retained rain water with values varied between 
7% - > 76%. The amount of retained rain water was minimum (7-16%) in urbanized sub-watersheds 
while it was maximum (> 76%) in forest dominated sub-watersheds (Figure 1e). When these results 
were evaluated by the Burkhard’s capacity classification, results revealed that urbanized sub-
watersheds had low relevant capacity whereas forested sub-watersheds had high relevant capacity to 
provide flood mitigation service (Figure 1f). 

 

Figure 1. (a) Sub-watersheds, (b) Land use types in study site and (c) Scores of water quality parameters, (d) Water 
quality mitigation service capacities of sub-watersheds, (e) The amount of retained rain water and (f) Flood mitigation 

service capacities of sub-watersheds. 

4. DISCUSSION 

Results of this study indicated that water quality regulation and flood mitigation services were 
affected by land use types and that was ranked as altering regional hydrological ecosystem services 
by changing the way of land use (Jin et al., 2015), modifying the ecosystem services by conversion 
of lands (Costanza et al., 1997; DeFries and Eshleman, 2004). Forest was determined as the most 
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effective land use type in case of providing these hydrological ecosystem services. Also, the role of 
forests on hydrological processes is well documented in many studies. However, forests (Carvallo-
Santos et al., 2014) and vegetation types (Brauman et al., 2007) were considered as the main 
components of provisioning hydrological services among the multiple ecosystem services such as 
providing wood, clean air, recreation, nutrient cycling, disturbance control and resilience to climate 
change (WRI, 2002). Moreover, Brauman et al. (2007) mentioned forests as the ecosystems which 
improve water quality in a catchment by filtering toxics, nutrients, sediments and other substances 
from water through the root systems (Hanson et al., 2011) and forest floor (Eisalou et al., 2013). On 
the other hand, forests and vegetation types are also play a significant role on water flow regulation 
by consuming water through transpiration (Brauman et al., 2007); intercepting, absorbing water and 
decreasing peak flows during heavy rainfall (Hanson et al., 2011). Indeed, the results of this study 
for both hydrological ecosystem services consistent with these inferences in terms of determining 
the capacity of forest ecosystems. In contrast, urbanized sub-watersheds had the lowest capacities to 
provide these services because of the imperviousness. Additionally, the increased impermeable 
surfaces make cities more vulnerable to floods (Gomez-Baggethun et al., 2013). However, 
conversion of these vulnerable cities into resilient ones in the context of human well-being has been 
related to green spaces, green infrastructures, parks and forests, green streets and their services in 
these cities (Bolund and Hunhammar, 1999; Sandstr˝m, 2002). For instance, Bolund and 
Hunhammar (1999) aimed to analyse the impacts of urban ecosystems (street trees, lawns/parks, 
urban forests, cultivated land, gardens and blue areas) on the life of citizens in Stockholm and they 
concluded that urban ecosystems contribute to the quality of life by providing services such as air 
filtration, micro climate regulation, noise reduction, rainwater drainage and recreational values to 
citizens. Another study carried out by Cheisura (2004) showed that urban parks and nature provide 
many social services in addition to being the main components for city sustainability. Collier et al. 
(2013) mentioned urban green spaces as a tool to improve the urban resilience and sustainability. 
Therefore, the contribution of green areas to the resilience should be considered by urban planners 
in terms of planning and designing urbans based upon human well-being.  

5. CONCLUSION 

This study focused on determining the forest contribution to the resilience of Istanbul by 
providing water quality regulation and flood mitigation services in watershed scale. However, it has 
concluded that forested sub-watersheds had the highest capacity to provide these services. So, this 
should be accepted as an ingredient of planning the resilient cities. As a consequence of this, the 
urban greens should be managed in terms of both ecosystem and human health while the urban 
systems are going to be planned and designed for future. So, integrating ecosystem services to both 
environmental and urban plans becomes a necessity. Thus, ecosystems should be planned in the 
context of conservation of their services. On the other hand, quantification of ecosystem services 
leads to define possible utilization of ecosystems that provides sustainable human well-being. 
Therefore, as the recent study indicated basic quantification models should be improved for each 
ecosystem service to insert them in plans.  
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