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Abstract

The Ayamama River basin in Istanbul is a densely populated urban area that is frequently
impacted by flash floods causing damage to people and infrastructure. The IPCC expects that
under climate change conditions, more intense precipitation will occur, leading to a higher risk of
flash floods. Approaches to assess vulnerability focus on particular hazards without relating to
climate change; usually emphasizing either physical or social vulnerability. However, enabling
governance systems to deal with risks due to climate change requires participation of local
inhabitants and inclusion of local knowledge for planning effective climate change adaptation
measures. This paper presents a framework for a spatial assessment of urban vulnerability to
flash floods under climate change conditions. Qualitative interviews were conducted to capture
local knowledge of citizens in the Ayamama area about flood events and climate change. Spatial
multi criteria evaluation was applied to calculate vulnerability indices.
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1. Introduction: climate change and urban vulnerability

Climate change constitutes a challenge for scientists, policy-makers, and common people since
extreme weather events (floods, draughts, heat waves and sea level rise) seen as climate change
impacts will harm people differently worldwide (IPCC 2007a). The IPCC (2007a) expects that,
under climate change conditions, more intense short-duration precipitation in Europe will occur,
leading to a higher risk of flash floods. In Mediterranean countries, where flash floods are more
intense than in the rest of Europe (Gaume et al. 2009), certain urban areas, located nearby rivers,
are considered to be vulnerable to this hazard due to their proximity to the riverbed, and their
high and continuously increasing population and population density. In this sense, vulnerability
arises as a complex and critical factor related to the impact of flash floods.

Vulnerability is an issue that has been broadly researched (Adger 1999; Bohle 2001; Cross 2001;
Cutter 2003; Few 2003; Fiissel 2007; Kelly and Adger 2000; Moss et al. 2000; Pelling 2003;
Uitto 1998). In urban environments, vulnerability is understood as a condition that shows how
deficient and susceptible the urban environment is to be damaged “due to social, biophysical, or
design characteristics” (Rashed and Weeks, 2003, p.550). In relation to climate change,
vulnerability is understood to mean the potential of people to be killed, injured or otherwise
harmed by the direct or indirect impacts of climate change (Satterthwaite et al. 2009). Urban
vulnerability assessment studies so far have focused on particular and specific hazards such as
floods, identifying physical, and or social vulnerability (Ebert and Kerle, 2008, Marschiavelli,
2008, Wigati, 2008). These kinds of assessments are important for disaster management and
adaptation planning since one can know where vulnerable areas and groups are located
(Birkmann 2007).

In Istanbul, Turkey, various vulnerability studies have been conducted related to a particular
hazard and following either a social or a physical approach. For instance, some studies focused
on identifying social groups vulnerable to earthquakes and physically determining vulnerability
of settlement areas to floods (Haki et al. 2004; Ozcan and Musaoglu 2010). Although these
assessments have produced good results, none of them have incorporated both dimensions
together, i.e. social and physical vulnerability. Moreover, available studies have not considered
the hazard events in relation to climate change impacts.

In the paper, we present a framework for a spatial assessment of urban vulnerability to flash
floods under climate change conditions. The framework integrates the social and physical
dimension of vulnerability and is based on interviews in order to capture local knowledge about
flash floods and climate change. The case study area is the Ayamama River Basin in the
European part of Istanbul, an area that was recently struck by a huge flash flood in 2009 causing
severe damage to men and materials.

Section 2 discusses current approaches to vulnerability assessment. In section 3, the case study
area, Ayamama River basin, is presented. Section 4 contains the presentation and discussion of
the assessment framework that is applied in section 5 to the case study area. The paper concludes
in section 6 with a discussion on how to use the results for governing climate change adaptation.



2. Current approaches to assess vulnerability

The term “vulnerability” has evolved along the years (Pelling, 2003, UNDP, 2004, Birkmann et
al, 2006). From a more limited conceptualization based only on the likelihood to experience
damage; vulnerability has been widened including more concepts such as exposure, coping
capacity, and is, in the present, a multidimensional term (Birkmann 2007). Bohle (2001) defines
vulnerability as a double structure concept. Its internal side is related to the coping capacity
needed to withstand the impacts of hazards; and its external side focuses on the exposure to risks.
Therefore, vulnerability depends on the interrelationship between these two. Within a hazard and
risk approach, Birkmann (2006) presents disaster risk as the core of the conceptualization, and
vulnerability is seen as one of its four components together with hazard, exposure, and capacity
and measures. Here, exposure and capacity do not seem to interact within the vulnerability
component, and that represents an issue that has been covered by posterior approaches.

Focusing on climate change, vulnerability is understood as “the degree to which a system is
susceptible to, and unable to cope with, adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function of the character, magnitude, and rate of
climate change and variation to which a system is exposed, its sensitivity, and its adaptive
capacity” (IPCC, 2007c, p.21). On the one hand, exposure refers to the frequency and magnitude
to the climate—related hazard such as floods. It is considered as a “product of physical location
and the character of the surrounding built and natural environment” (Pelling, 2003, p.48);
therefore, it is studied by considering physical parameters such as topography, distances,
temperature, precipitation, etcetera. On the other hand, sensitivity considers how a population is
sensitive to changes in the climate (Ebi et al. 2006) due to its intrinsic structure such as
demographic profile, for instance.

From the three components of vulnerability: exposure, sensitivity, and adaptive capacity, it is the
latter the one which influences the most the degree of vulnerability. According to IPCC (2007c),
adaptive capacity recalls on how capable a system adjusts itself to climate change by responding
to its effects. In the case of a society, this condition depends on several factors such as
socioeconomic conditions, technology and infrastructure, institutional framework, knowledge,
among others (Metzger et al. 2005). These set the framework in which different adaptation
actions, which are the materialization of adaptive capacity, are generated (Smit and Wandel
2006). For example, if two groups of people —A, with good education, access to information and
a good economic condition; and B, with low education level, no access to information and a
deficient economic condition- were equally exposed and sensitive to a hazard under climate
change conditions, A would be less vulnerable than B due to its higher adaptive capacity: its
good socioeconomic condition will make it respond and adapt better than B to the effects of
climate change by either developing short or long-term actions.

Turner et al. (2003) coincide with the above definition of vulnerability; however, in their
vulnerability framework, they have imported the term “resilience” from ecology to refer to the
coping response or adjustment of the “human —environment system” to an event. Resilience,
thus, is in this case nothing else but adaptive capacity. So far, vulnerability frameworks have
focused on the interrelationships of the different concepts that compose them. Nevertheless, a
special vulnerability framework is presented by Polski et al. (2007) who state that it is even more
important the integration of methodologies from different research fields for assessing



vulnerability to climate change. Therefore, their Vulnerability Scoping Diagram (VSD)
constitutes a tool that enables comparability between vulnerability assessments and can be
updated with local knowledge.

The Livelihood Vulnerability Index (LVI) proposed by Hahn et al. (2009) can be seen as an
application of the VSD. Although the LVI does not use these exact terms of dimensions,
components and measures, it uses the three levels of organization of the VSD. In the LVI,
exposure is measured by natural disasters and climate variability; adaptive capacity by the
demographic profile, livelihood characteristics, and social networks; and sensitivity by the state
of food, water security and health status. Finally, Wilhelmi and Hayden (2010) focus on adaptive
capacity but more from a methodological perspective. They address not only a sound
conceptualization of the different elements that interact and compose vulnerability but also pay
attention to the fact that a combination of quantitative and qualitative analysis will lead to a more
appropriate vulnerability assessment. In their framework, vulnerability is influenced by external
drivers such as climate change and urbanization which may increase exposure; and, is at the
same time, affected by adaptation and response measures, which are directly related to adaptive
capacity.

Vulnerability assessments join various methods, which come from different sciences, to identify
how the relation of the three components mentioned above is, and they have been applied in
multiple situations (Behringer et al. 2000; Belton and Stewart 2002; Dessai and Hulme 2003;
O'Brien et al. 2004; Pittman et al. 2011). This variety depends on the scale and unit of analysis,
time span, understanding of vulnerability, and selected tools (Dessai and Hulme 2003). While
social approaches to assess vulnerability focus more in the analysis on the socio-economic
characteristics such as demographic profiles and income of societies, physical approaches
prioritize the analysis of physical exposure, and does not include human groups into their
assessments (Dessai and Hulme 2003). Spatial multi-criteria evaluation, a method that
incorporates different interrelated criteria in order to help decision—makers find the optimum
alternative for a particular problem (Aceves-Quesada et al. 2007; Belton and Stewart 2002), is
usually applied in combination with a GIS (Malczewski 1996) in order to estimate vulnerability
in a spatio-temporal scale (Mendoza and Martins 2006).

In order to assess vulnerability at the local level, information -at the same level- is necessary but
it is often unavailable from census data. Van Westen (2009) considers that working with local
people in local communities will have as a result good information at local level since they are
the ones who know the best the hazards that affect them, the elements at risk, the consequences
of the events, as well as the adaptive mechanisms they employ. Therefore, this information could
be incorporated into disaster management plans. Mustelin et al. (2010) addressed vulnerability
related to coastal change by combining stakeholders’ perceptions through interviews and
vulnerability mapping, developing a management strategy for coastal forest areas. Peters-Guarin
(2008) developed a Participatory GIS (PGIS) that required the involvement of communities in
producing spatial data and decision-making. This is an innovative method that continues to be
developed together with the application of GIS in many sciences.

Participatory methods have been included within vulnerability to climate change frameworks
since these focus on people’s adaptive capacity: the capacity to adapt to climate change effects
starting from what people perceive about this topic (Behringer et al. 2000), and ending with a



link to local level decision-making in the design of adaptation measures (Nass et al. 2006). In
this line of work, Schroter et al. (2005) proposed and developed an eight-step methodology for
vulnerability research starting from study area and stakeholders’ selection, developing a
vulnerability model and indicators and ending with communicating the results to everybody
involved in the process.

3. Climate change and flash floods in Turkey - Ayamama River basin in Istanbul

Climate change is understood as a modification in the present condition of the climate by the
“changes in the mean and/or the variability of its properties” which last for a period of time
(IPCC, 2007b, p.667). For Turkey, models predict a change in the seasonality of precipitation
meaning that they will either start one month in advance or one month later, requiring
adaptations to this new “calendar” (Giiven 2007). Because of that, Turkey has started to develop
different measures to adapt to climate change effects which include an increase in participation
and public awareness on disasters associated to climate change (Turkey: Ministry of
Environment and Forest 2010).

Flash floods are characterized by a rapid and violent movement of water in a small spatial area
produced by heavy rainfall. During a precipitation event, there is a short time span between the
storm peak and the discharge stream peak. Urbanization reduces the infiltration capacity of soils
and reduces the time period between the two peaks. Thus, flash floods are more likely to occur in
urban areas, where soils have been progressively replaced with man-made features.

During the 1950 — 2010 period, Turkey has experienced 35 flood events (EM-DAT 2010). Part
of Istanbul is located on flood—prone areas, where flood events have already occurred. Here, a
combination of different factors such as unplanned urbanization, an increase in population
density, weak construction control by the authorities (Yalgin and Akyiirek 2004), deficient urban
master plans and heavy rainfall have caused floods with severe economic and social losses
(Dubovyk 2010; Einfalt and Keskin 2010; Yalgin and Akyiirek 2004).

Flood events in Ayamama River basin happened in 1995, 2002 and 2009. The lack of mitigation
measures and the lack of implementation of new disaster policies after the 2002 event have
enlarged the negative consequences of September 2009’s flash flood: 31 people killed (Reza
2009; Watson and Comert 2009) and a loss of more than $100 million (Yildiz n.d.).

The case study area is Ayamama River basin located in Istanbul, the largest city in Turkey with a
total population of 12 915 158 inhabitants (Turkish Statistical Institute 2010). Ayamama River
basin has an area of 62.27 km® and it encompasses 25 neighborhoods within the Bagcilar,
Bahgelievler, Bakirkdy, Basaksehir, Kiiclikcekmece, and Sultangazi districts (Figure 1). The
river flow has a north-south direction and discharges into the Marmara Sea (Einfalt and Keskin
2010). In the upper part of the basin, the river presents more tributaries than in the middle and
lower parts due to less built-up areas in the north. Also because in the middle and lower part it
has been channelized, and in some sections covered for urbanization.
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Figure 1. Ayamama River Basin.

Population within Ayamama River basin is approximately 799,556 inhabitants! (IMP, 2006), and
the upper part of the basin is less inhabited since these neighborhoods are not completely
urbanized and still have natural land cover. The area where the basin is located has experienced a
process of rapid land cover change in the last decades: bare soil areas, grasslands and shrubs
(some of them still present in the upper part of the basin) have been progressively replaced with
built-up areas designed for densely residential (Figure 2) and industrial uses (Kaya and Curran
2006; Kucukmehmetoglu and Geymen 2009). This has been reported to constitute a threat since
many of the industries located along the Ayamama River throw part of their wastes to the river,
and people do the same with their solid garbage2. There is no specific information about the
increase in built-up areas for the study area; however, for Istanbul, it has increased in 126.7%
between 1987 and 2001 (Kaya and Curran, 2006).

1 Population values given correspond to the values for the entire neighborhood and not just the portion of neighborhoods within
the basin.

2 This was observed during fieldwork in September, 2010.



Figure 2. Residential areas in Ikitlir Mehmet Akif and Ikitelli tatUrk neighborhoods,
Ayamama River basin.

4. Assessment framework for flash flood vulnerability based on local knowledge

4.1. Findings from fieldwork in the case study area

Data collection in the study area was included with 30 interviews based on a questionnaire. The
aim of the questionnaire was to gather information regarding vulnerability, flash floods, climate
change, and adaptation measures from the inhabitants of Ayamama River area. Results from
primary data collection were analyzed to build proxy indicators to be incorporated into the
framework to assess urban vulnerability related to flash floods under climate change conditions.

Capturing local knowledge allowed an understanding of how people perceive their vulnerability
in the study area. 21 interviewees considered that the neighborhood they live in is vulnerable to
floods. Distance to the river was the most frequent reason mentioned, not only referring to
Ayamama River itself but also to the tributaries dewatering into the main stream. Inhabitants
perceive different negative consequences of flash floods; however, the one that most important
people recall is the presence of water in basements and in the first levels of the houses.
Moreover, the saturation of the underground drainage system contributed to flood the basements
and to affect the street network.

The responsibility for the flood events, as stated by local people, is seen on the side of the local
government because they gave authorization for building in what they call “wrong areas”
meaning close to the river3. Any kind of improvements that should have been done along the
river in order to avoid future floods, are also the responsibility of the local government..

Knowledge about climate change is poorly developed in the study area. Climate change is most
commonly associated to “seasonal changes” meaning that the changes between seasons are
different now in terms that they start later. This lack of knowledge may be explained by the
education level of local inhabitants since less than 50% finished middle, high and superior
education. This lack of a detailed knowledge about climate change and how it influences the

3 This information coincides to what ARK TERA (2009) and Ozcan and Musaoglu (2010) have expressed about the amendment
in urban plans in 1997 which turned this space into a residential area.



frequency of occurrence of flash floods in the area is related to the actions that they could do in
order to reduce the consequences of floods.

What people would do to reduce the consequences of floods depends on how much knowledge
they have about vulnerability to flash floods or on what they see as the main problem. People
think that closing the top of the river to avoid the spill of water, widening the streambed because
more water could flow, removing houses near the river because less houses would be flooded,
and building infrastructure such as walls along the river, will reduce the consequences. They
recognize the river and the distance to it as the main problem, which constitues the reason why
they think these neighborhoods are vulnerable.

Preparation campaigns are seen as important because they help increase awareness and prepare
people in case of a flood event. 28 out of 30 people agreed that neither Municipality nor any
other institution organized preparation campaings prior to the flood in 2009.

Finally, to have people organized in local organizations and/or comittees to reduce impacts of
flash floods is something they recognized as important. They argued that people are more
efficient in groups than alone in case of an emergency such as in 2009, when they got organized
and distributed food and other aid. Moreover, they think that organizations increase people’s
awareness since they can exchange experiences and knowledge between them.

4.2. Flash flood vulnerability assessment framework

The general structure of the framework (Figure 3) considers in first place a set of externalities
(Wilhelmi and Hayden 2010) which affect the measures of the framework. For instance,
migration to urban areas increases the number of inhabitants, and household size is modified.
Likewise, it is the occurrence and severity of flash floods most likely increasing with ongoing
climate change. The framework presents a three-level structure: dimensions, components, and
measures because it is a didactic way to present and indicate that measures are part of
components and these are part of dimensions. Measures constitute the concrete indicators that
will allow the quantification of each component, and components are the main characteristics of
each dimension. The structure allows a comparison between vulnerability assessments in
different areas (Polsky et al. 2007).

While the dimensions are represented by exposure, sensitivity and adaptive capacity according to
what the IPCC (2007c) proposes, the components include four characteristics proposed in the
LVI: climate variability, natural disasters, demographic profile, infrastructure, and health (Hahn
et al. 2009). The remaining physical conditions, access to information, economic level,
institutions involvement, and awareness have been included due to their relevance for assessing
vulnerability at the local level and their absence in previous frameworks as such. This is an
optimum framework to assess vulnerability to floods; however, not all the measures could be
incorporated into the assessment due to lack of data, logistic and time issues. In this sense and in
the next paragraphs only those who were included in the assessment will be explained.
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Figure 3. Urban flash floods under climate change conditions vulnerability framework.

| Distance to main riverstreams |—

4.2.1. Exposure

An area is more or less exposed to a flash flood event depending on the physical and
hydrological conditions. In the absence of sufficient hydrological data to develop a hydrological
model, these conditions are represented by key characteristics of the catchment expressed in the
following two measures: accumulated flow, and distance to the main river stream. Accumulated
flow represents the key flow patterns in the area, where for each spatial unit the accumulated
flow that can be expected in the area is a strong indicator for the relative flow to be expected and
the level of flood exposure. Distance to the main river streams is also considered since areas that
are closer are more affected due to potential overflow, particularly those areas in the lower
reaches of the basin. These parameters are derived from the Digital Elevation Model and a river
map and produced through GIS analyses.

Climate variability addresses the influence of the changes in the climate expressed in
temperature and precipitation in the area. Precipitation and temperature data of the last 30 years
was collected from Florya gauge station, located in the lower part of the basin. The historic series
were used to estimate standard deviation for the 1975-2009 -period as suggested by Hahn et al.
(2009).

4.2.2.Sensitivity

Sensitivity groups characteristics that make a society or a household more prone to suffer from
flash flood events. An area with very young or very old population will be more sensitive to flash



flood events because they depend more on the rest of inhabitants: children and elderly cannot
protect themselves so easily and need assistance from older and younger people, respectively.
That is why it is important to identify a dependency ratio in order to see the relationship between
the population under 15 plus over 65 years old, and the population between 19 and 64 years old
(Hahn et al., 2009). The higher the dependency ratio, the higher sensitivity there is. Household
size 1s an indicator of the number of people living in a household which can lead to knowing the
distribution of people affected in case of a flash flood event. The larger the household size, the
more sensitivity there is since the same quantity of resources such as income or food has to be
shared between more people.

4.2.3. Adaptive capacity

The framework considers adaptive capacity as a combination of social, economic and
institutional components that are enabling households to cope with the impacts of flash floods.
The criteria illiteracy and education level are measures representing the access to information
component. Illiteracy indicates the percentage of inhabitants older than 6 years old who know
how to read and write. Education level is analyzed by the percentage of people in the
neighborhood who attended primary, middle-high school, and superior education. The higher the
percentage of people attending higher levels of education is, the higher capacity to cope with
flood consequences there is. Average income represents the economic component of adaptive
capacity. What an inhabitant earns determines his/her acquisition power and it serves as input to
conduct practical actions to modify vulnerability and to cope with flash flood consequences.

5. Flash flood vulnerability in the Ayamama River basin

The vulnerability framework as developed in section 4 was applied to assess the entire area of
the Ayamama River basin according to its vulnerability to flash floods under climate change
conditions. Socio-economic data used to determine criteria for the sensitivity and adaptive
capacity component of vulnerability was derived from a household survey conducted in Istanbul
in 2006 by Istanbul Metropolitan Planning Agency (IMP). Spatial data for assessing the exposure
dimension of vulnerability as well as the distance to health center criteria in the sensitivity
dimension was prepared using a GIS based on data kindly provided by IMP.

The method applied to calculate the vulnerability index per spatial unit is spatial multi-criteria
evaluation (SMCE). In SMCE each criterion included in the assessment is first transformed into
a standardized utility score between 0 and 1, where a value of 0 e.g. means a very low resp. no
exposure or a low sensitivity and a value of 1 stands for a very high exposure or sensitivity of
this area. In the second step all standardized criteria are combined into one overall index
applying a weighted summation, in which standardized utility scores are summed up based on
the respective importance, i.e. their single weight. The results obtained are maps that show for
each single spatial unit or cell of the case study area their respective degree of vulnerability on a
scale between 0 and 1, 0 meaning not vulnerable at all and 1 meaning highest degree of
vulnerability. Depending on the structure of the SMCE application also intermediate results in
terms of maps for exposure, sensitivity and adaptive capacity are obtained, that allow
interpreting the results in detail.



Resulting maps depicting the overall vulnerability in the Ayamama River basin as well as the
three components of vulnerability are presented in figures 4a to 4d. The overall vulnerability
(figure 4a) clearly shows that areas close to the main river and especially in the downstream part
of the main river are the most vulnerable areas. Medium vulnerable areas (yellow colors in figure
4a) are located in a slightly higher distance from the river in the downstream part of the river, but
also in the northern part of the basin, a rather mountainous area. The first is mainly because of
the high exposure (figure 4b) of that area, while the latter is most likely influenced by the
extremely high sensitivity (figure 4c) of that area, e.g. because of large distance to existing health
facilities.

The sensitivity map (figure 4c) reveals a clearly distinct degree of sensitivity of the population in
the Ayamama River basin. Neighborhoods in the south, located closer to the sea, are the least
sensitive, whereas northern neighborhoods show a high degree of sensitivity. This is not only
because of the higher distance to health facilities in the north but also because the dependency
ratio that is much higher in the northern part. Most likely is the amount of elderly people per
household here much higher.

The adaptive capacity does not reveal such a clear and distinct pattern in the spatial distribution
of the household resilience towards flash floods. Obviously do households in the neighborhoods
east of the river in the downstream part command over less adaptive capacity. This area contains
a much higher degree of mixed industrial as well as residential land use that might explain the
lower resilience in this area.

6. Conclusions: Governing climate change adaptation

Vulnerability and climate change constitute trans-disciplinary issues since they concern civil
society, the scientific community and governments. Assessing vulnerability, therefore; requires
the involvement of these groups with an approach that allows their participation during the whole
process in order to translate this produced knowledge into policies that address adaptation to
climate change impacts. Areas close to the main river and especially in the downstream part of
the main river are the most vulnerable parts of the basin. Households living in this area that show
a high sensitivity and/or low adaptive capacity therefore should be are among the first and most
important groups of society to target in concrete adaptation measures.

The research demonstrates that local knowledge plays an important role in vulnerability
assessments related to flash floods under climate change conditions. In the study area, people
perceive that flash flood events will increase in frequency due to climate change; however, this is
not jointly translated into adaptive actions. In fact, actions local inhabitants recall are more
focused short-term and on the river itself, than on ameliorating their organization capacity and
relationship with the local government. Not only is local knowledge useful for understanding the
specific context regarding vulnerability in the study area, which constitutes a starting point for
the assessment, but also a source of information from which context—specific parameters can be
developed.
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