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Abstract

The occurrence of natural and man-made disasters in the world is increasing day by day. In addition to causing physical,
economic, social and environmental losses, these disasters stop or disrupt normal life and human activities. Disaster
risk reduction is defined as analyzing and managing the factors that cause disasters with systematic efforts. Disaster
risk reduction studies have an important place in increasing the resilience of individuals, society, cities and sectors
against disasters. Countries have a national plan that will provide roadmap for them to be resilience to disaster risks is
a critical in terms of the applicability of risk reduction studies and their contribution to sustainable development
process. For this reason, every country should have strategic plans that determine priorities in order to ensure that
measures are taken and implemented to eliminate or minimize risks. National strategic plans designed to provide
optimum benefit with limited resources according to the determined priorities bring success in disaster risk reduction.
In disaster risk reduction studies, there are multi-perspective approaches, including deterministic and statistical
methods, in evaluations that determine the success of countries in this field and reveal the state of the country. Multi-
criteria decision making method rather than statistical methods; in cases where there are more than one criteria in the
decision-making process, it provides an approach to decision-makers to solve problems. Multi-criteria decision making
method which is one of the statistical methods; in cases where there are more than one criteria in the decision-making
process, it provides an approach to decision makers to solve problems. In disaster risk reduction plans each country
has its own characteristics. These features make countries different from one another. Seven key parameters, such as
Risk Identification (B1), Risk Reduction (B2), Response and Recovery (B3), Economic Disaster Risk Management
(B4), Disaster Preparedness (B5), Governance (B6) and Compliance of Policies and Plans (B7), were selected as the
main criteria. 36 important components of the main criteria have been selected as sub-criteria. Then, these effective
parameters have then been weighted using one of the methods of the multi-criteria decision-making process called the
"Analytical Hierarchy Process. As a result of weighting, the importance degrees of the parameters were determined as
B2, B1, B3, B4, B5, B6 and B7, respectively. Within the scope of the study high risk of disasters in Japan, Turkey, the
Philippines and New Zealand country samples were selected. The disaster management systems of these countries and
their disaster risk reduction plans have been examined in detail. The country's performance rankings were made for
these four country after an assessment of the existence of the main criteria and sub-criteria weighted with the "AHP"
methodology by the country's experts. At the end of the analysis, Japan was determined as the country with the best
DRR plan and implementation, while our country was ranked 2nd, New Zealand ranked 3rd and Philippines ranked
4th. As aresult, this study will provide a resource that will contribute to theoretical knowledge systems on disaster risk
reduction. As well as, it is also aimed to examine the results of the applications in the country plans by assessing the
order of importance of the effective criteria that will bring countries successful in reducing the risk of disasters.

Keywords: Disaster, Disaster Risk Reduction, Disaster Risk Reduction Plan, Analytical Hierarchy Process
(AHP)
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1. Introduction

Disaster management can be defined as the management of resources in line with these common goals with a
multidisciplinary approach in order to plan, coordinate and implement the activities that should be done before, during
and after the disaster in order to prevent disasters and reduce their negative effects (Kadiogli 2012). Disaster
management includes many levels. It is a comprehensive, multi-phase, multidisciplinary management style that starts
from the individual and extends to the international level. Disaster management is the discipline of dealing with
and avoiding risks, including usually four phases: Mitigation, Preparedness, Response and Recovery. The circular
model for disaster management is generated to reduce the complexity of non-linear nature of disaster events (Kelly
1998) .

Cyganik (2003)defines mitigation, preparation, response and recovery as four phases of disaster management. This
model portrays response as the biggest and most visible phase of disaster management. In this study, the phase of
disaster risk reduction is studied. ldentification and analysis of hazards, risks and vulnerabilities, determination of
resources and priorities to prevent or reduce risks, preparation and implementation of policies, strategies and action
plans include key elements in disaster risk reduction (Tastan and Aydinoglu 2015). Disaster Risk Reduction (DRR) is
the discipline that deals with reducing our risks from disasters. DRR studies, which require a multidisciplinary
approach, consist of activities that need to be planned and implemented before, during and after the disaster (Charlotte,
John, and Rossetto 2007).

Therefore, DRR’s activities are "identification, analysis and evaluation of hazards and risks, establishment of early
warning systems, spatial planning, education, information and awareness of the society, development of disaster
insurance, strengthening of critical infrastructures, institutional structuring, development and supervision of legal
documents such as laws and regulations, and eliminating inequality between regions, creating a perception of DRR in
society” (IPCU 2014).

Although we intuitively know that the impact of disasters is much greater than the direct economic cost, it is only when
the economic cost of these indirect and intangible effects is taken into account that it can be seen what these events
really cost the country's economy. DRR activities to be carried out will reduce the economic losses that countries will
experience after disasters. On average, every euro spent on DRR activities saves between four and seven euros in
disaster response (ECHO 2017) .Investments without considering disaster risks cause socio-economic damage in the
long run after disasters. If we are not prepared for disasters, the material and moral gains that countries have achieved
for many years are destroyed in a short time due to disasters (Doroteo 2015)

Studies on DRR are carried out on a country basis in order to minimize the resources spent and the work done to
compensate for the damage and economic losses caused by disasters, to increase the effectiveness of disaster
management and to strengthen the capacity. In this context, one of the ways to cope with disasters is to make DRR
plans according to each country's own dynamics. The DRR plan is defined as “the plan of project work managed by
risk management, which forms the basis for the implementation of the objectives and specific objectives of institutions
and organizations for disaster risk reduction and the short, medium and long-term policies, strategies and actions to
achieve them”

DRR plans help countries build their capacities by identifying the underlying causes of their vulnerabilities. The need
to develop up-to-date action plans for existing and new DRR with the gains from past disasters also clearly
demonstrates the importance of DRR plans. The scope and complexity of disasters, existing and new risks, and the
evolving and changing world strengthen the dynamic nature of DRR plans.

Within the scope of the study, under the title of "Country Examples”, the disaster management systems of Japan,
Turkey, the Philippines and New Zealand, which are among the countries with high disaster risk, and their plans and
documents related to DRR were examined. Then, criteria selections were made by examining the criteria in the DRR
strategies and plans of the countries examined. The weights of the criteria were determined by using the opinions of
the experts who worked on DRR through a questionnaire. In the conclusion part of the study, 4 countries were ranked
by scoring with a holistic approach in line with the main criteria and sub-criteria determined by the plans and strategies
of the selected countries for DRR. In line with the results, suggestions were made to improve our draft DRR plan.

2. Country Samples

2.1 Japan

Japan is a country located on islands in the western Pacific Ocean. Japan has been exposed to natural disasters
(earthquake, volcanic activity, heavy rain, snowfalls and typhoons) from past to present due to its geographical
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location, topography, geological structure, climate and other factors, (Akyel, 2007). Although the country covers only
0.25% of the planet's land area, the number of earthquakes and the distribution of active volcanoes are quite high due
to its location in the “Pacific Ring of Fire”. 110 active volcanoes in the region constitute about 10% of all active
volcanoes in the world. Japan is one of the countries with the highest natural disaster risk in the world due to its
susceptibility to earthquakes and tsunamis (Jimee, Meguro, and Dixit Mani 2019).

Disasters in Japan are generally categorized into two groups, natural disasters and accident-type disasters. earthquake,
tsunami, storm, flood, volcanic eruptions, heavy snowfall have been Natural disasters; accident disasters include
marine, aviation, railroad, road, nuclear, hazardous materials, large-scale fire and forest fire (Cabinet Office 2015).

As a result of frequent earthquakes and typhoons in the 1940s and 1950s in Japan, the necessity of increasing the
capacity of the society to respond to disasters and developing disaster risk management systems emerged. There have
been changes in the systematic approaches adopted in disaster management, and the changes have also been reflected
in the laws. The necessity of taking measures before disasters has been put into practice by law, and the country's
disaster management system has been strengthened within the scope of the experiences gained after the disasters.
Especially; the Ise-wan Typhoon that occurred in 1959 was a critical development in the country's disaster management
approach, after which the Basic Law on Disaster Measures (1961), which had a comprehensive and strategic structure,
was enacted. Roles and responsibilities related to disaster management within the scope of the law; clearly defined at
the national, state and municipal as well as community level. The law has been constantly reviewed and updated since
its first entry into force.

Japan's disaster management system covers all stages of disaster management (prevention, mitigation, preparedness,
response and recovery), and the public and private sector, whose duties and responsibilities at the national and local
level are clearly defined, and the relevant stakeholders are based on cooperation and solidarity in taking measures
against disasters. In Japan, the system of distribution of authorities and responsibilities is implemented, and there are
many stakeholders at the national and local level in the administration of disaster management.

A well-structured disaster management system has been developed in Japan. As part of the government reform in 2001,
the State Ministry of Disaster Management was established in the Council of Ministers to integrate and coordinate
disaster risk management policies. In the Cabinet Office (Figure. 1), the Director General of Disaster Management,
who is responsible for ensuring wide-ranging cooperation between relevant government agencies, is responsible for
planning basic disaster management policies and carrying out overall coordination as well as large-scale disaster
response (Saya 2017).

Ministry of Internal Affairs Fire and Disaster
and Communications Management Agency

m Ministry of Justice
m Ministry of Foreign Affairs
m Ministry of Finance

Ministry of Education,
m Culture, Sports, Science and Agency for Cultural Affairs
Technology 7

gency for Natural

B Ministry of Health, Resources and Energy
Labor and Welfare :
Small and Medium
M Ministry of Agriculture, Enterprise Agency
Forestry and Fisheries
Geospatial Information

Authority
Ministry of Land, National Public Safety

Infrastructure, Transport and Japan Meteorological Agency Commission,
Tourism Japan Coast Guard National Police Agency

m Ministry of Environment Nuclear Regulation Authority Financial Services Agency

Ministry of Defense Consumer Affairs Agency

Cabinet Secretariat

Cabinet

Cabinet Office

Director General for Disaster

Risk Management

- Basic Policy Planning on
Disaster Risk Management

- Basic Policy Planning and
Overall Coordination on
Response to Large-scale
Disasters

m Ministry of Economy

Figure 1.The relationship of Japan ministries and agencies related to Disaster Risk Management (Baba 2013).
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2.2 New Zealand

New Zealand is exposed to geological hazards such as earthquakes, landslides, volcanic activity and tsunamis, as it
extends along the boundary of the Australian and Pacific tectonic plates. While flooding is the most common hazard,
earthquakes and tsunamis are potentially the most damaging and devastating threats New Zealand faces. While
volcanic eruptions have been rare and relatively minor since human settlement, the effects of eruptions have been
significant (Britton and Clark 2000).

In addition to being a geologically active country, New Zealand is a coastal country affected by weather conditions
from Antarctica, Australia and the tropics. Climate change; cause extreme weather events and sea level rise. Drought
is one of the most common and costly hazards in the country as a result of the dry period that usually lasts for 3-4
months. Drought is an alarming danger for the country, as the country's electricity generation is largely supplied by
rivers and lakes. These natural hazards occurring in the country often damage land and buildings, as well as important
infrastructure systems of the country, including energy and communication networks, roads and water systems. In the
last 10 years, natural hazard events in the country have cost the insurance industry $28,333 billion (Saunders et al.
2020).These disasters in New Zealand in the last ten years have shown the magnitude of the damage and the costs to
the country. It is important to note that the reported costs are usually only direct costs. According to a recent study,
when the indirect and intangible costs of disasters were calculated, it more than doubled the total reported cost of each
of the three events examined ((MCDEM 2019) . New Zealand's disaster management system is based on sound disaster
management principles and one of international best practices. There are many strengths in the country's emergency
management system. The system was established to deal with "all dangers and risks" (Ulutiirk 2006).

As a result of a series of conferences, workshops, reports and researches that questioned the effectiveness of New
Zealand's disaster management practice since the early 1990s, it was decided that a transformation from a rigid and
reactive model to a coordinated proactive disaster management (Britton and Clark 2000).

* In 1996, endorsement of a set of principles as the basis for a comprehensive disaster management framework
* Redefining the principles, roles and responsibilities of all institutions in the sector

* Establishment of a new ministry called the Ministry of Civil Defense and Emergency Management (MCDEM) in
1997

« Adoption of the Civil Defense Emergency Management (CDEM) Law in 2002, which replaced the 1983 Civil
Defense Law Transformations began with the MCDEM established in 1999 and the CDEM Law enacted in 2002,
which redefined the duties of central and local governments? The primary purpose of the law is to promote the
sustainable management of hazards and risks towards building a resilient and self-reliant society.

The law transferred most of the authority and responsibility to local units by giving priority to local interventions and
administrations (Ulutiirk 2006).

The following diagrammatically (Figure. 2) represents the structure at regional and local level. Powerfully the
CDEM Group, that is the governing body is composed of all the elected Mayors of the region and the
Coordinating Executive Group responsible for Group Plan and the implementation of the plan is composed of the
Chief Executives of district local government and the senior executives of the regional emergency services.
Groups all have a working party structure under the CEG, supported by the Group CDEM office, which covers,
variously: Reduction (linked into other local government accountabilities); preparedness and response, and
recovery (linked into central government and Non-Government Agency welfare and other agencies).

THE NEW ZEALAND CDEM FRAMEWORK

CDEM Group plans. Government agency Nor- govt agency
and local operational plans operational plans

arrangements

oo s s e, T —
ol it S ‘weltfare, SPCA, £t

inks bet
Central government policies for risk reduction
(U
.........

National CDEM Strategy

Civil Defence Emergency Management Act 2002

Figure 2. The New Zealand CDEM framework (MCDEM 2008).
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2.3 Philippines

Located in Southeast Asia, the Philippines is one of the largest island groups in the world, comprising more than 7,000
islands. Located at the edge of two tectonic plates, the Philippines ranks 4th in the list of countries most prone to natural
disasters based on UNISDR's 20-year assessment. Philippines; It is exposed to various natural disasters such as
earthquakes, volcanic eruptions, landslides, floods, droughts and typhoons.

The country has a tropical climate. The country is vulnerable to extreme weather events as it is located in the Pacific
Typhoon Belt. Some of the devastating floods and landslides are triggered by typhoons that occur. Other factors
triggering landslides are volcanic eruptions, earthquakes and increased monsoon precipitation. Wide coastlines also
cause disasters such as tsunami, flood, landslide and drought. Since the country is located in the Pacific Earthquake
Belt, it is frequently exposed to earthquakes and volcanic activities (Doroteo 2015). 8 of the 10 cities in the world most
exposed to natural disasters are located in the Philippines. This is evident in the estimated $23 billion in damage and
the loss of 70,000 Filipinos in 565 natural disasters. Total losses from natural disasters are estimated to cost the
Philippines $6.5 billion each year (World Economic Forum 2016).The National Disaster Risk Reduction and
Management Council of New Zealand (NDRRMC), formerly known as the National Disaster Coordinating Council,
has expanded its membership and functions to deal with the complexities of today's disasters. Philippine disaster risk
reduction and management structure is shown in Figure 3.

NDRRMC; The highest coordinator of disaster management is the national council, according to the law numbered
RA 10121, strengthened with the functions of policy making, coordination, supervision, monitoring and evaluation for
disasters or emergencies. The law designated the NDRRMC as the top policy-making body for coordination,
integration, supervision, monitoring and evaluation (Azuela et al. 2020).

CHAIRPERSOMN
Secratary of National Defense(DND)

Civil Defense

Department (OCD)

Response |
Praventicn and Mitkeation Preparedness ) Rehabilitation and Recovery
Ll mt WVics Chadrparson for Disaster Wite Chairparson for Disacster
Wice Chalr:::;a;;u;ﬂ[:a;?er Scimnpe I:;E:‘:Lm g;‘[:ua:der Praparadnass, Secial Rehabilitstion amd Recowery

‘Walfars ared Dessalopmant

Regional DRMMC
Disastar Risk Reduction National Disaster Risk Reduction
and Managamsant {NDRRMC) Members

Councl . .
Public, private sector, NGO

Lecal DRMMC
Disaster Risk Reduction Philippines Mational Philippine Armed Forces
and Managamant Council Palice [PHF) (AFP)

Figure 3. Philippine disaster risk reduction and management structure (NDRRMP, 2011)
2.4 Turkey

Turkey is exposed to natural disasters such as earthquakes, floods, landslides, avalanches, droughts, forest fires and
man-made disasters due to its high physical, social and economic vulnerability as well as its geological structure and
climatic characteristics. Turkey is in the Mediterranean, Alpine, and Himalayan seismic belt, which is one of the most
active seismic belts of the earth, and is located between three large tectonic plates such as Europe-Asia, Arabia and
Africa, and two small plates such as the Aegean and Anatolian plates (Sengdr and Yilmaz 1981). This belt is an active
zone in which approximately 20% of the earthquakes in the world occur and causes a devastating earthquake in the
country on average every five years (AFAD 2020).

Turkey ranks first among OECD countries in terms of loss of life, property and economic losses caused by disasters.
According to the statistical data of the last 60 years, losses caused by natural disasters, directly or indirectly, correspond
to approximately 3-4% of GDP.
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The Law No. 5902 on the Organization and Duties of the Disaster and Emergency Management Presidency, which
was enacted in 2009 in order to eliminate the complexity and coordination problems in the disaster management system
and to remove the multi-headedness, was adopted and entered into force after being published in the Official Gazette
No. 27261. With this law; “a. To carry out services related to disasters and emergencies and civil defense, b. To ensure
coordination between institutions and organizations that have a role before and after the disaster, c. three general
directorates (General Directorate of Disaster Affairs, General Directorate of Civil Defense and General Directorate of
Emergency Management of Turkey) were abolished and AFAD affiliated to the Prime Ministry was established in the
center in order to create and implement policies in disaster management. The organization chart of AFAD, which
manages the process in disasters and emergencies in Turkey, is as follows in Figure 4.

Organizational Structure of AFAD

—| Private Secretary’s Office ]
— | Legal Adviser's Office |

| Press and Public Relations Department |

81 PROVINCIAL ORGANIZATION |

— |_Guidanceand Supervision Department

[ Foreign Relations Department
—{_Internal Audit Unit Department

[ Disaster Research Center

[ Vice President ] [ Vice President
| |
- - - I - -
Earthgquake and Risk Reduction General Directorate of Disaster General Directorate of Sheltiring General Directorate of
General Directorate Response and Construction Works Management Services
(" Department of Emergency Aid and (
—\ Earthguake Department | _[ Search and Rescue Department | Infrestructure Damoges —. Strategy Development Department |
[ o . o Damage Assessment and Entitlement | nformation Systems and
—| Risk Reduction Plans Degartment | —[ Civil Defense Department ) g ! = _ SY |
. ) X |_Office | |_Communications Department
_’ Rick Identification and Prevention ‘| _[ Disaster Management Center | Site Selection and Spatial Planning | (Human Resources Management |
Department Jo Department | Department
Awzreness and Voluntesrin I P P 8 i 2nini | . .
| A E | | Response Plans and Exercises | De;lal‘lme.nl of Project Planning and Department of Education |
Department Degartment | Construction . }
| Donor Aelations Department | —| International Humanitarian Agency | _| Temporary Shelter and Logistics —| Support Services Department J
L / | W ManagementDep b _
[ Civil Society Relationsand ) Frocurementand Financial Resource
Accreditation Department | |_Management Department

Figure 4. Organization chart of AFAD Turkey

3. Methodology

Decision makers are faced with more than one alternative while making a decision in the process of examining the
existing plans and documents of the countries related to DRR. Many criteria in the examined DRR plans and documents
have been evaluated, and Japan, Turkey, Philippines, New Zealand appear as our alternatives on a country basis
(Figure. 5).

In the application, firstly, the decision problem is defined. Here, the process of collecting information about the
application problem is also mentioned. Thus, the necessary data to be used during the analysis and resolution of the
decision problem, to create the decision hierarchy, were obtained. In the next process, a decision hierarchy was
established that includes the purpose of the application problem, the comparison criteria and the alternatives to be
compared, and the solution of the application problem was started. The methodology used in this study was generally
carried out in 3 stages. In order to understand how to evaluate the best DRR plan among the country samples, the AHP
(Analytical Hierarchy Process) method, which is one of the multi-criteria decision making (MCDM) methods, was
decided at the analysis stage. In Stage 2, the disaster management systems and current DRR plans of the selected
countries according to certain factors were examined. The data set of the criteria and sub-criteria that are effective in
the DRR in the country plans examined in the 3rd stage were determined. The opinions of the country experts were
taken by developing the questionnaire and the results were analysed using the AHP method.
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v TURKEY

v PHILIPPMNES
v NEW ZEALAND

Figure 5. Locations of the studied countries on the map

3.1 Analytical Hierarchy Process

In this study, MCDM methods were examined and it was decided that AHP would be the most appropriate
methodology in terms of classification of data, compliance with strategic planning during the implementation of DRR
plan principles, and comparing the practical applicability of other country sample plans.

The Analytic Hierarchy Process (AHP) is a math and psychology-based method for organizing and analyzing complex
decisions. In the AHP Hierarchy Model, the top level of the hierarchy consists of a single item or goal, which is the
overall goal. At the level below the goal, there are factors that affect and contribute to the decision, known as criteria
or variables, in order to achieve the stated goal (Saaty 1980).

At the next level, there are sub-criteria (if any) containing the details within the criteria (Fig. 6). There are alternatives
with decision options at the lowest level in the hierarchy (Razmi, Rahnejat, and Khan 2000).

After the hierarchical model is established, pairwise comparison matrices should be created in order to determine the
importance of all criteria relative to each other. During the creation of the matrices, the relative importance of each
pairwise comparison matrix is determined separately by the decision maker. In Tablel, the relative importance of the
criteria is determined by assigning values between "1™ and "9" to the matrix and transforming the verbal values into
numerical values (Wollmann et al. 2014).

Goal

T Y

Criterion 1 Criterion 2 Criterion 3 . Criterion n

Alternative

Altemative 1 Altemative 2

Figure 6. Hierarchical model of AHP study

Decision makers obtain the pairwise comparison matrix shown in Equation 1 through the comparison scale given in
Table 1 in the light of their value judgments, knowledge, experience and equipment. RI values according to the
dimensions of the comparison matrices shown in Table 2 was carried out in Microsoft Excel.
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Table 1. Preference scale for pairwise comparisons in AHP

Intensity of Definition Explanation
Importance
1 Equal importance Two elements contribute equally to the
property
3 Moderate importance Experience and judgment slightly favor one
over the other
5 Essential or strong Experience and judgment strongly favor one
over another
7 Very strong An element is strongly favored and its
. dominance is demonstrated in practice.
importance
9 Extreme importance The evidence favoring one element over
another is one of the highest possible order
of affirmation
2,4,6,8 Intermediate values between two Comprise is needed between two judgments
adjacent judgment

Table 2. RI values according to the dimensions of the comparison matrices

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RI 0 0 0,581 0,9 | 1,12 1,24 1132141 |1145|149| 151|154 | 156 | 1,57 | 1,59
a, a, a; [0 aq,
a, a, a, [l a,,
A=|ay, ay ay [0 a,
o o O00 0O
_an] (1”2 an3 D amr i (Equation.l)

A: Pairwise comparison matrix
n = Number of criteria in evaluation

a ij = importance of criterion i over criterion j

In the binary comparison matrix, the sums of each column will be taken and the matrix will be normalized by dividing
each value in the matrix by the related column sum and ensuring that the sum of the values in each column is 1.00
(IDEA, 2005). The comparison matrix shows the importance levels of the criteria relative to each other within a certain
logic. Column vectors forming the comparison matrix are used to determine the weights (percentage importance
distributions) of these criteria. B column vectors with n and n components are created. B column vectors are calculated
with the help of the formula shown in Equation 2.
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i=l (Equation.2)

When the above-mentioned steps are repeated for other criteria, B column vectors will be obtained as much as the
number of criteria (Equation 3).

b
Lonl (Equation.3)

B column vectors are combined in a matrix format, the C matrix shown in Equation 4 below will be formed.

¢ e o O e
€y Cp ¢ O o,
C=|c; ¢35 ¢33 O ¢y,
O 0 00 O

€ Cp Cpa O e, ]

(Equation.4)
After the normalized pairwise comparison matrix is created, the criteria weights are obtained by taking the arithmetic
average of the row values in the C matrix. Thus, the W column vector, also called the eigenvector, is obtained (Equation
5).

=
I
Soo XS

Lo n (Equation.5)

Although the AHP method has a consistent systematic, the accuracy of the results will depend on the consistency of
the criteria in comparison by the decision maker. The Consistency Ratio (CR) should be calculated for the pairwise
comparison matrices, allowing the consistency of the AHP method to be measured after the comparisons between the
criteria and the determined priorities. In order to calculate the CR value, first of all, the coefficient called "Consistency
Index (CI)", which is one of the many methods, should be calculated in order to determine whether a matrix A, which
is formed as a result of pairwise comparison judgment, is consistent. The CI coefficient is calculated by the formula
given in Equation 6.

CI - max -
n—1 (Equation.6)
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In order to calculate the ClI value, the largest eigenvector of the matrix, that is Amax, must be calculated. The formula

in Equation 7 is used to calculate the value of Amax given in Equation 6.

n

2 o
1 n — (;’." -
— J=1
/’Lmax - Z

i W

!

(Equation.7)

For the calculation of Amax, firstly, the D column vector shown in Equation 8 is obtained from the matrix

multiplication of the comparison matrix A and the priority vector W.

a, a, a, [0 a, W, x,
a, a, a; [0 a, w, X,
AxW =|ay,, ay, az O a, x| O|=D=| [
00O OO0 oOl|lo 0
a, a, a, U a,l||W, x

" (Equation.8)

As defined in the formula above, the E value for each evaluation criterion is found from the division of the

reciprocal elements of the D column vector and the W column vector found. In the formula given in Equation 9

10, which is the arithmetic mean of these values, it gives the basic value ( ~ ™ ) for the comparison.

i i=12[] ,n (Equation.9)

n

(Equation.10)

After calculating the CI value with the help of the formula shown in Equation 6, the randomness indicator (RI) values,
which consist of fixed values according to the number of criteria (n) used for different matrix sizes in the pairwise
comparison, are given in Table 2 to complete the calculation of the CR value (Saaty 1980) .

After Cl and RI values are determined, “CR” is calculated.

_a
RI (Equation.11)

CR

10
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Based on the upper limit of CR 0.1 (CR < 0.1), the consistency level of the pairwise comparison matrix is acceptable
for the reliability of the results; If the CR value is greater than 0.1, the consistency level cannot be accepted due to the
inconsistency of the decision maker's judgments. In this case, the decision maker should review the criteria values and
repeat the steps of the AHP method described above and recalculate the consistency test After the previous steps were
calculated for all levels in the AHP method, the mx1-size S column vectors (Equation 12) created according to the
importance values of the n criteria to the alternatives calculated separately for each criterion were brought together and
the pairwise comparison matrix of the m x n size alternatives and criteria was Durbin- Watson (DW). Decision matrix

is obtained (Equation13).

Si
21
S, =
A .
[ S ml ] (Equation.12)
BT
Sy 83 e 8,
DW =
_“Iml 's.m&‘ b ls‘m:r J (Equation,13)

Finally, with the help Equation 13, the L column vector (Equation 14) is created by adding the row in which it is found
by multiplying the value of each alternative in the alternatives matrix with the weight score of that criterion. The L
column vector represents the percentage distribution of decision options, and the sum of the values in the vector is 1.
The decision option with the highest weight in this vector is determined as the decision option that should be preferred
for solving the problem (Equation 14).

In the application part of the study, it tried to determine the efficiency levels of each of them and which ones should
be taken into account while creating these plans as a result of comparing the parameters that can be effective in the
DRR plans by using the AHP method.

AHP method was carried out in Mircosoft Excel because it is easy to understand and calculate. In addition to using
AHP alone, there are many applications in the literature related to its use with different methods. In cases where they
are used together, the criterion weights mostly obtained with AHP are used as inputs in the MCDM method used
together (Uludag and Dogan 2016). In the study to be carried out with the AHP method, an expert group of 16 people
was determined to weight the criteria and sub-criteria. The distribution of these people's areas of expertise is given in
the Table 3. The distribution of the experts participating in the survey is given below and the survey participants consist
of AFAD Experts, engineers, social scientists, academicians working in the field of DRR and managers working in the
field of DRR abroad.

After the criteria and sub-criteria determined by the AHP, the analysis of the studies related to the criteria was sent to
the experts in the field of DRR through e-mail from 4 country representatives in Japan, Philippines, Turkey and New
Zealand, and the existence and applicability levels of the projects and practices related to these criteria were asked to
be scored. . Scoring systematic “Full score:1; Good level: 0.75; Intermediate: 0.50; Limited application: 0.25; None:
07, these coefficients are multiplied by the weights of the criteria in the AHP results, and general results in accordance
with the hierarchical structure of the main study model were obtained.

11
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Table 3.The distribution of the experts participating in the survey

AFAD Engineer AFAD Academicians Expert at DRR
Expert Head of Groups working at Social Science Director
DRR

1 X X

2 X X

3 X X

4 X X

5 X X

6 X X

7 X X

8 X

9 X X X

10 X X

11 X X

12 X X

13 X X

14 X

15 X

16 X X X

3.2 Determination of Criteria

In the process of determining the criteria, the literature reviews on DRR, the high-scale strategic plans of the countries
related to DRR and the opinions of experts who worked on DRR within AFAD were used. Within the scope of the
study, the criteria in the DRR strategies and plans of the countries that are the subject of the analysis were examined
and criteria selections were made. The seven main criteria determined are as follows: Risk Identification (B1), Risk
Reduction (B2), Response and Recovery (B3), Economic Disaster Risk Management (B4), Disaster Preparedness
(B5), Governance (B6) and Compliance of Policies and Plans (B7), were selected as the main criteria. 36 important
components of the main criteria, which explain each one in detail and systematically cover the process, were chosen
as sub-criteria. The detail model of criteria are shown in Figure 7 and the detail names of identified criteria are given

in Figure 8.

important for

DRR PLANSELECTION iy 1. Goal
Iy p__ -
______-——-_j_‘_f.'-f—-':/-- 2. Main Critaria ™ ——

— — T — e

Ritk Response and Economic Management Disaster Alignment of
identification S Recovery of Disaster Risks Freparedness skl Policies and Plans:
" .
s RIL —» FRRi REL | EM1 L L DGL PP1

Ri2 — — RE2 | EM2 L .| op2 L B2 ppa

Ri3 " LRRk2 RE3 —»| EM3 — DP3 — DG3 PR3
| R RE4 — EM4& | DPa e DG4 PPd

Figure 7. The hierarchical structure of the AHP Ranking of this study
3.2.1 Risk Identification

Risk identification is an important component of disaster risk management. Models, maps, indexes, etc., which are

decision makers, to recognize and size the existence of disaster losses and to intervene in risk should be

represented by Risk identification; Provides tools to evaluate specific policies and measures needed to develop DRR
plans and strategies. The sub-criteria representing the risk identification are listed below;

12
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1 Systematic Disaster and Loss Inventory - Data Collection - Data Bank
2. Hazard Monitoring and Estimation Methods

3 Hazard Assessment and Mapping Systems

4. Vulnerability and Risk Assessment Analysis

3.2.2 Risk Reduction

Disaster risk management specifically aims to reduce risk. It is the act of foresight to prevent or reduce the economic,
social and environmental impacts of potentially dangerous physical events. It refers to the planning processes, the
implementation of measures that change the existing risk conditions and, where possible, hazard control. The sub-
criteria representing risk reduction are listed below;

1 Considering DRR in Land Use and Urban Planning

2 Hydrological Basin Intervention and Environmental Protection (Flood/Flood Prevention Structures)
3 Making Critical Facilities Disaster Resistant

4. Development of Information and Decision Support Systems in Disaster Risk Management

5 Building Stock - Updating Safety Standards and Building Rules

6 Strengthening and Upgrading Public and Private Assets

7. Development of Forecasting and Early Warning Systems

3.2.3 Response and Recovery

Response activities in disaster risk management include the rapid identification of the disaster situation and emerging
needs, the ability to establish multi-directional communication with stakeholders, the rapid access of sufficient number
of correct equipment and equipped personnel to the disaster site, the work of emergency health services and daily life
support teams. On the other hand, DRR approaches aim to ensure that those who are exposed to disasters return to their
normal lives as soon as possible, to rebuild the structures in disaster-resilient ways, and to create a disaster-resilient
society by taking the state of development to an advanced level. Sub- criteria representing intervention and
improvement are listed below;

1. Organization and Coordination of Emergency Operations

2. Disaster Response Planning

3. Logistics System Planning and Equipment, Vehicle and Infrastructure Equipment
4. Simulation, Inter-Agency Intervention Testing and Updating

5. Integration of DRR into Recovery and Reconstruction Planning Processes

3.2.4 Economic Disaster Risk Management

Expenditures made to return the system, which is deteriorated / lost due to disasters at any time, to normal as soon as
possible, and the management of existing resources is expressed as ""Disaster Economy". The place of disaster economy
in DRR is the management part of the budget allocated for risk reduction measures and measures before disasters
occur. In order for DRR to be sustainable, it is necessary to determine the economic losses caused by disasters and to
know the investments made here. Disasters cause serious effects on development, public finance and growth in
developing countries such as Turkey. For this purpose, quality and reliable information is required for monitoring
investment budgets and determining the economic losses that occur in disasters. The international community supports
this issue with global and regional research and information systems on the economic management of disaster risks.
The sub- criteria representing the economic management of disaster risks are listed below;

1. Conducting Studies on the Economic Results of Investments Made in DRR
Allocating Resources (Funds) for Institutional Strengthening
Budget Allocation and Mobilization

2
3
4, Implementation of Social Safety Nets and Intervention with Funds
5 Insurance Coverage of Public Assets

6

Housing and Private Sector Insurance and Repetitive Insurance Coverage

13
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3.2.5 Disaster Preparedness

Disaster preparedness refers to the measures taken to be prepared for disasters and to reduce the effects of disasters. In
other words, reducing the risks of disasters and preventing them whenever possible, reducing their effects on vulnerable
individuals and responding to their consequences quickly and dealing with them effectively are one of the most
fundamental steps in the DRR system. In the disaster preparedness system; Starting from the individual, bringing a
culture of disaster preparedness to all segments of the society, raising awareness in individuals, ensuring their
participation in volunteer activities, teaching the basic precautions that individuals can take in the places they live,
incorporating DRR into the education system, ensuring that individuals learn and practice the correct behavior in
disasters with exercises, It is aimed to expand the places where the sectors can receive disaster education and to
establish infrastructures that they can easily access, to standardize the disaster education given through various
channels throughout the country, to participate in the studies carried out by international organizations and to create
accredited education paths with sufficient knowledge and experience. Sub- criteria representing disaster preparedness
are listed below;

1. Increasing Community Awareness and Capacity on DRR

2 Developing DRR Trainings Based on Priorities Determined for Main Sectors
3 Inclusion of DRR in the Education and Training Program

4. Coordination and Cooperation of DRR Volunteer Activities

5 Performing Exercises and Simulations

3.2.6 Governance

Disaster risk governance defines it as the way of coordinating the authorities responsible for DRR, public institutions
and organizations, media, private sector, non-governmental organizations, universities at regional, national and
international levels to manage and reduce the risks related to disasters. The sub- criteria that examine the different
governance issues related to DRR from global, regional, national and local perspectives and represent the needs of
disaster governance at different levels are listed below;

1. Interagency, Multisectoral and Decentralized Organization
2 Legislative Infrastructure Regarding DRR

3 Presence and Consolidation of the DRR National Platform
4, International Cooperation for DRR

5 Existence of Gender Responsive DRR Strategies

3.2.7 Compliance of Policies and Plans

In order to strengthen the DRR plans, integrate them with the response stages, and be better prepared for disasters, it
is essential that all policies in the field of DRR and all documents on a global scale are compatible with country
strategies. Communities become more resilient to disasters with the implementation of the goals and objectives
included in the DRR plans. If a country's sustainable development goals include the existence of local plans, adaptation
policies to existing climate change agreements, and adaptation programs to global-scale strategies, the easier it is to
implement DRR mechanisms. The existence of these plans and policies, their periodic evaluation and the creation of
monitoring and evaluation systems that will report to the public, can be measured by their effects on DRR processes.
For this reason, the sub-criteria representing the Compliance of Policies and Plans are listed below;

1. Integrating Climate Change Policy, Plans and Adaptation Programs with the DRR Strategy
2 Availability of Local Level DRR Plans

3 Compliance of the DRR Plan with the Post-2015 Agenda (Sendai, Sustainable Development
4, Goals, etc.)

5 Preparation of Business Continuity Plans

After the criteria were determined, a 4-level hierarchical structure consisting of purpose, criteria, sub-criteria and
alternatives was created as follows. The purpose at the top level of the hierarchical structure is stated as “Choosing a
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Disaster Risk Reduction Plan”. At the second and third levels, there are main criteria and sub-criteria in accordance
with the purpose. At the lowest level, the countries whose DRR plans are examined are listed as alternatives. Among
main criteria, B1 (Risk Identification), B2 (Risk Reduction), B3 (Response and Recovery), B4 (Economic Management
of Disaster Risks), B5 (Disaster Preparedness), B6 (Governance), B7 (Alignment of Policy and Plans). As can be seen
in Figure 9 a, the order of importance is B2, B1, B3, B4, B5, B6, B7, starting from the highest. Risk Reduction” has
the highest weight among the main criteria.

As can be seen in Figure 9b; Ranking of importance among our risk identification sub-criteria RI1 (Systematic disaster
and loss inventory- Data collection-Data bank), RI2 (Hazard monitoring and estimation methods), RI3 (Hazard
assessment and mapping systems), RI4 (Vulnerability and risk assessment analysis) RI2, RI11, RI3, R4, starting from
the highest. As can be seen in Figure 9c, Risk reduction sub-criteria RR1 (Considering DRR in land use and urban
planning), RR2 (Hydrological Basin Response and Environmental Protection (Flood/Flood prevention structures), RR3
(Making critical facilities resistant to disasters), RR4 (Development of information and decision support systems in
disaster risk management), RR5 (Building stock - Updating safety standards and construction rules), RR6
(Strengthening and improving public and private assets), RR7 (Developing forecasting and early warning systems)
from high to RR1, RR7, RR2, RR3, RR6, RR4, RR5 respectively.

As can be seen in Figure 9d, response and recovery sub-criteria RE1 (Emergency response planning), RE2 (Logistics
system planning and equipment, vehicle and infrastructure equipment), RE3 (Simulation, inter-agency response testing
and updating), RE4 (DRR's improvement and reconstruction planning processes), RE5 (Organization and coordination
of emergency operations), starting from the highest order of importance, RE3, RE1, RE5, RE2, RE4 respectively.

As can be seen in Figure 9e, our sub-criteria of economic management of disaster risks are EM1 (working on the
economic results of investments made for DRR), EM2 (reserving funds for institutional empowerment), EM3 (budget
allocation and mobilization), EM4 (Implementation of social safety nets and intervention in funds), EM5 (insurance
coverage of public assets), EM6 (working on the economic consequences of investments in DRR) in order of
importance EM2, EM3, EM6, EM5, EM1, EM4 respectively, starting from the highest.

As can be seen in Figure 9f, among our disaster preparedness sub-criteria, DP1 (increasing the awareness and capacity
of the society on DRR), DP2 (Developing DRR trainings based on the priorities determined for the main sectors), DP3
(inclusion of DRR in the education and training program), DP4 (Coordination and Cooperation of DRR Volunteer
Activities), DP5 (Performing exercises and simulations), starting from the highest order of importance, were DP3,
DP1, DP5, DP2, DP4, respectively.

As can be seen in Figure 9g, our Governance sub-criteria DG1 (Inter-agency, multi-sectoral and decentralized
organization), DG2 (regulatory infrastructure related to DRR), DG3 (existence and aggregation of the DRR national
platform), DG4 (International Cooperation for DRR), DG5 DG3, DG2, DG1, DG5, DG4 were in order of importance,
starting from the highest (existence of gender-sensitive DRR strategies).

As can be seen in Figure 9h, among our sub-criteria of compliance of policies and plans, PP1 (Integration of policies,
plans and adaptation programs related to climate change with DRR strategy), PP2 (Existence of DRR plans at local
level), PP3 (DRR plan to the post-2015 agenda (Sendai, Sustainable Development) Purposes, etc.), PP4 (Preparation
of business continuity plans), starting from the highest order of importance, were PP2, PP3, PP4, PP1 respectively.

The plans and strategies of the selected countries for DRR were examined, and 4 countries were ranked with a holistic
approach using the AHP methodology in line with the main criteria and sub-criteria determined (Figure 10). For each
criterion put into the analysis, the success ranking of the countries changes and the general evaluation results of the
countries are as in Table 4. The determined criteria and sub-criteria were sent to the experts in the field of DRR by e-
mail and the countries were asked to be scored. Scoring systematic “Full score: 1; Good level: 0.75; Intermediate: 0.50;
Limited application: 0.25; none: 0” and the general result of the hierarchical structure of the model was obtained as a
result of the multiplication of the weights of the criteria.

The existence of the main criteria and sub-criteria weighted using the AHP methodology was evaluated in these four
country plans by country experts, and the countries' success was ranked. According to the findings, Japan had the best
DRR plan, with a score of 0.959. Our country was ranked second with a score of 0.717, New Zealand was third with a
score of 0.691, and the Philippines was fourth with a score of 0.664.
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Figure 8. The detail names of identified criteria

16




Yildirim and Ertas Deniz | Disaster Science and Engineering 9 (1)-2023

MAIN CRITERIA

Order of Impartance of Main Parameters

Compliance of policies and plans
" e " 1. RiskReduction
Governance 2 Risk ldentification
olsaster preparednass 3. Response and Recovery
4 Economic Management of Disaster
Economic management of isaster risk Risk
e 5. Disaster Preparedness

Risk denification

. 6. Gowernance
Risk reduction
7. compliance of Polickes and Flans

0000 000 B0 QIS0 0200 0250 D300 0350 ¥ “Risk Reduction® has the highest

fconemic Complince of welght among the main parameters.
ik Resgonse g Diszster
o | Wk reiuction 122 managemert || DS Govemonee | poleimord
. " af disason o | PP
(X7 az Err noe e apss oo
Risk Reduction

. sy [onsidering DA i Land Use and Urban Planning
om0

RA2 iydrological Basin Response and Emvironmental Procection (Flood / Flood
0080 revention structures)
om0 A3

Making eritical faciities resistant to disasters

(= o i 7

ARa s
s mansgement
0040 RAS pating
o ARG
o o

Developing Forecasting and Early Warning Systems

oo
om0 T mm ¥ The subparameter with the highest weight under the Risk

Reduction parameter is "RRL: Consideration of DRR in land use
and urban planning”

d)

Economic Management of Disaster Risks Parameters

o0
oom
oais

oo

.
€)

0015

om0

b6
oo

9)

EMI Conducting Studies on the ecanomic consenuences of investments

M2 pocating funds for nstiturions! strenthening

M3 pdgot silocation rasovrces and mobilization

EM
Implementation of soclal safety nets and Intervention in funds

EM5
Insurance coverage of public assets

EME | sousing and private sector nsurance and reinsurance coverage

+ The parameter with the highest weight under the econamic
management of disaster risks parameter is "EMZ: Allocating
resources (funds) for institutional strengthening”, This data is

e followed! by "EM3; Budget allocation and mobilization”,

0017

£
[

ons e

0023 oo Gew

Disaster Governance

DG1  Interagency, mult-sectoral and decentralized arganization
G2

Legislative Infrastructure regarding DRR
063 '

Presence and collection of the DAR national platform
064

Intemational Coaperation for ORR
065

Existence of gender sensitive DRR stratesies

¥ Under the governance parameter, "0G3: Presence and collection
of the DRR national platform™ is in the first place by weight, and
“DG2: Legislative Infrastructure related to DRR" Is in the second
lace,
oc2 =) L
om oz

Risk Identification

oo Al Systematic disascer and foss inuentory - Data Collection - Data Bank
ooen
Y a2 2
oom Hazard monitorine and estimation methods
a0
a3
o0 Hazard assessment and mapping sytems
oao
& R
Nuinerabilty and risk assessment anabysis
oom
oo
¥ The sub-criterion with the highest weight under the Risk
oow dentification, parsmeter i “RI3: Hazard monitoring and
estimation methods”
oo
. w2 s [
s oo oes aes
Response and Recovery
ReL E ; §
ooas Ovganization snd coordination of emergsncy operatons
-
oo REZ Emsrgancy rasponsa planning
s -
i planning , vehide
o eauipment
4
Lo RES imulation, inter-agency intervention testing and updating
oo
RES  Integration of DRR in rehabditation and reconstruction panning
oans processes
no ' .
¥ The sub-parameter with the highest welght is “RE3: Log
noes system planning and equipment, vehicies and infrastru
equipme
w0
o w2 w | s
oo o asar oo oo
ans ’
D1 inereasing nublic awareness and capcity on DRR
= for main
a0 sectars
: _ D73 nclusion of DAR in sducation and training progians
ans
. D#4 Caordination and Cooperation of DRR Volunieer Activities
amo DFS. Performing seercses and smulations
oms ' Under the disaster preperedness paremeter, the sub-parameter
0P3: Inclusion of DRR In the education and training program” hes
- the highest weight, followed by “DP 1 Increasing the awareness and
) on ops o 005 capacity o the saciety an DRR".
oms 0w om:  oow  oum
Compliance of Policies and Plans
ous 71 |ntsgration poliies, lans and
fve DR srsteey
oase
w2 ;
otz Dbty of DA plans at local el
™ omplance of DR Plan vith Post 2015 Agena (sendai, Sstainable
783 [oevelopment Goals eic)
o008 (
o
i B
Preparation of Business Continuity lans
o0
oz |
i ¥ “pp2: auallabllity of DRR plans at local level” has the highest welght
0000 in the parameter of compliance of policies and plans.
e w2 s e
ows  oots  omw o

h)

Figure 9. Ranking charts of relative importance vectors of criteria and sub-criteria

Table 4. General assessment results of countries on the basis of AHP

MAIN
CRITER

1A SUB CRITERIA

W=Weight

PHILIPPINES

NEW

ZEALAND TURKEY

JAPAN

Risk

Identification
Parameters

Systematic disaster and loss inventory - Data

RI1 Collection - Data Bank

0,073

0,75 0,75

RI2 Hazard monitoring and estimation methods

0,089

0,75 0,75 0,75

RI3 Hazard assessment and mapping systems

0,066

0,75 0,75

R14 Vulnerability and risk assessment analysis

0,064

05 05 0,25
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RR1 Cons@erlng DRR in Land Use and Urban 0,096 05 0,75 1 05
Planning
Hydrological Basin Response and
RR2 Environmental Protection (Flood / Flood L9 0.5 0.75 ! 0.75
prevention structures)
Risk RR3 Making critical facilities resistant to disasters DS 0.5 0.5 ! 0.5
Reduction | RR4 Development of |_nf01jmat|on _amd decision 0,024 0,75 0,75 1 1
Parrameters suppo_rt systems in dlsa_ster risk management
RR5 Building Stock - Updating Safety Standards 0019 05 075 1 075
and Construction Rules ' ' ' '
RR6 | Strengthening and Enhancing Public and 0,027 0,75 0,75 1 0,75
Private Assets
RR7 | Developing Forecasting and Early Warning 0,055 0,75 0,75 1 0,75
Systems
RE1 | Organization and coordination of emergency 0,041 0,75 0,75 1 1
operations
RE2 | Emergency response planning 0,021 0,75 0,75 1 1
Response Logistics system planning and equipment
and RE3 . . A ' 0,041 0,75 0,5 0,75 1
vehicle and infrastructure equipment
Recovery
Parameters RE4 | Simulation, inter-agency intervention testing 0,013 0,75 0,5 0,75 1
and updating
RE5 | Integration of DRR in rehabilitation and 0,027 0,75 0,5 1 0,25
reconstruction planning processes
Table 3. Continued
Conducting Studies
EML1 | on the economic 0,010 0,75 | 0,75 1 0,75
consequences of
investments in DRR
Allocating funds
EM2 | (funds) for 0,023 05 | 05 | 0,75 1
institutional
strengthening
EM3 | Budget allocation 0,017 05 | 0,75 | 0,75 1
Economic Management of Disaster Risks Parameters and mobilization
Emg | Mplementation of 0,009 05 | 075|075 | 025
social safety nets and
intervention in funds
EMD5 | Insurance coverage 0,011 05 | 0,75 1 0,75
of public assets
Eme | Housing and private 0,012 05 |075| 1 | 05
sector insurance and
reinsurance coverage
ppy | Increasing public 0,019 075 | 075 | 1 | 075
awareness and
capacity on DRR
Development of DRR
trainings based on
Disaster Preparedness Parameters or priorities determined oot e R . o
P for main sectors
Inclusion of DRR in
DP3 | education and 0,022 0,75 | 0,75 1 0,75
training program
Coordination and
DP4 | Cooperation of DRR 0,007 0,75 | 0,75 | 0,75 | 0,75
Volunteer Activities
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Performing exercises

DPS and simulations

0,018 0,75 | 0,75 1 0,75

Interagency, multi-
pG1 | Sectoral and 0,012 075 | 0,75 | 0,75 | 0,75
decentralized

organization

Legislative
infrastructure
regarding DRR

DG2 0,015 0,75 | 0,75 1 0,5

Presence and
Governance Parameters DG3 collection of the DRR 0,020 0,75 025 | 0,75 | 05

national platform

DG4 | International 0,006 075 [ 075 | 1 | 075
Cooperation for

DRR

Existence of gender
sensitive DRR
strategies

DG5 0,010 0,751 0,75 | 0,75 | 0,25

Integration of
climate change
PP1 | policies, plans and 0,005 0,75 | 0,75 1 0,5
adaptation programs
with the DRR
strategy

PP2 | Availability of DRR 0,015 0,75 | 0,75 1 0,5
plans at local level

Compliance Parameters of Policies and Plans Compliance of DRR
Plan with Post 2015
Agenda (Sendai,
Sustainable
Development Goals
etc.)

PP3 0,009 0,75 1 1 0,5

Preparation of
Business Continuity
plans

PP4 0,008 05 | 05 | 0,75 | 0,25

COUNTRY SCORE | 0,664 | 0,688 | 0,959 | 0,717

TURKEY
JAPAN

NEW ZEALAND
PHILIPPINES

Oo@ |

Figure 10. Evaluation ranking of country sample plans analyzed by AHP method
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4, Conclusion

Within the scope of the study, disaster management systems and disaster risk reduction plans of Japan, Turkey,
Philippines and New Zealand, which are among the countries with high disaster risk, were examined. It is now firmly
accepted that a comprehensive DRR plan is necessary for any country in the world to be considered successful in
disaster management. A number of monitoring and evaluation systems have been developed to assess the success of
national plans, but limited work has been done to synthesize the components that make up these systems and to select
the most important ones to use.

Itis both practical and less time-consuming to plan locally and see the functionality of the plan in situ. However, more
comprehensive and multi-criteria decision-making methods should be used when evaluating the effectiveness of a
national plan. For this purpose, within the scope of the thesis study, the criteria in the DRR strategies and plans were
examined, and the country strategies, practices and policies based on the implementations were evaluated.

There is a concept that is generally accepted in the world. DRR offers a high return on investment: One dollar invested
in disaster prevention can save seven dollars” worth of disaster related economic losses. In this context, DRR is the
first and most important stage in the disaster cycle. Each country's DRR strategy and plans may have different stages
of importance. These differences both reveal country approaches and help us measure country success.

Knowing, defining, understanding and measuring disaster risks, conducting disaster risk management from the center,
existence of effective intervention and improvement works, having a planned policy towards being a disaster prepared
society are clearly the most basic pillars of DRR in a country. In this study, Risk Identification (B1), Risk Reduction
(B2), Response and Recovery (B3), Economic Management of Disaster Risks (B4), Disaster Preparedness (B5),
Governance (B6) and Harmonization of Policies and Plans (B7) are included in the DRR processes. ) were chosen as
the main criteria.

Multi-criteria decision making method was used to identify and synthesize the Interrelationships of these basic
components of disaster management. The process (AHP) method, which includes paired pairwise comparisons of
various alternatives, was chosen as the facilitating method. This method offers a versatile approach to decision makers
in solving problems and determining the order of importance of effective parameters when more than one criterion is
involved in the decision-making process. 36 important sub-components of the main criteria were selected as sub-
criteria. As a result of the weighting, the importance levels of the parameters were determined as B2, B1, B3, B4, B5,
B6 and B7, respectively.

The importance of the sub-components is; it is of great importance in the evaluation of projects and policies that
countries carry out based not only on the success of the existence of their plans, but also on the general plan. Because
it is a very superficial approach to say that every country that has a DRR plan is successful in DRR. For example, is
the Risk Identification parameter more important in the DRR system or is it the Risk Reduction processes? Expert
opinions decide which parameter is important in this binary selection. Then, when evaluating for country

A, the sub-criteria of the main parameter are looked at. If country A has existing projects, strategies and policies
covering the relevant parameter, all these are used in the success evaluation of country A. In this evaluation, a scoring
technique was used for the final success classification of the countries examined.

This scoring is also applied in the online system to monitor the number of countries that have adopted and implemented
national ARA strategies in accordance with the Sendai Disaster Risk

Reduction Framework 2015-2030. Indicators have been proposed to measure the presence or quality of each key
element in countries' national DRR strategies, so that the indicator can measure the level at which national DRR
strategies are aligned with the Sendai Framework. Sendai Member States will assess the level of implementation for
each key element and enter all information into the web-based Sendai Framework Monitor. Countries are compared
according to a certain weighting, since each element can be composed of many sub-components in itself. Although a
simple measure, it will enable countries to assess gradual or partial progress compared to the baseline and thus monitor
the improvement in the quality of the national DRR strategy over time.

The same scoring system was used in this study. The determined criteria and sub-criteria were sent to the experts in
the field of DRR by e-mail and the countries were asked to be scored. Scoring systematic “Full score: 1; Good level:
0.75; Intermediate: 0.50; Limited application: 0.25; none: 0” and the general result of the hierarchical structure of the
model was obtained as a result of the multiplication of the weights of the criteria.

The results show that, despite having a high disaster risk, Japan has the highest score across all criteria, demonstrating

the effectiveness of its DRR approach in all of its implemented projects. DRR is highly valued in this country, both

locally and internationally. Despite the fact that our nation has a team with strong governance and strategic thinking

skills, some plans have not yet been put into action. The projects it implements based on DRR are what give it a higher

score than the Philippines in this case. Despite having an efficient response and recovery system and a high level of
20
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awareness regarding disaster preparedness, Turkey faces some challenges in the coordination of policies and plans.
Due to this, it occupies second place.

Another aspect of the study is the scoring of the AHP criteria in the presence of country plans. It is crucial for evaluating
the projects and policies that nations implement based on both the overall plan and the success of their specific plans.
Because that stated that every nation with a DRR plan is successful in DRR is a very basic approach. For instance,
which DRR system parameter—Risk Identification or Risk Reduction processes—is of greater importance? Which
parameter is most important in this binary data decision-making is determined by the opinion of experts. Then, when
evaluating for country A, the sub-components of the main parameter are looked at. If country A has existing projects,
strategies and policies covering the relevant parameter, all these are used in the success evaluation of country A. In
this evaluation, a scoring technique was used for the final success classification of the countries examined. In this
study, New Zealand ranks third in this score due to the availability of DRR plans, while Philipins is ranked fourth in
the country ranking due to the presence of projects and strategies based on these plans, as well as DRR plans, being
considerably less than other nations.
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Ozet

Maddi ve manevi bir¢ok kayba sebep olan afetler toplumu olumsuz bir sekilde etkilemektedir. Afetin hemen ardindan
barinma, gida, psikososyal destek (PSS), saglik gibi normallesme faaliyetleri yiiriitiilmektedir. Afet yonetiminin her
asamasinda kendini gosteren PSS hizmetleri etkilenen bireylerde ortaya c¢ikabilecek psikolojik bozukluklarin
giderilmesi, normal yasama donme siireglerinin desteklenmesi, iyilesme ve toparlanma becerilerini gelistirmek adina
toplumu temel alan ve alaninda uzman kisiler tarafindan yiiriitiilen ¢aligmalardir. Belirli meslek gruplarindan olusan
ekipler afetten etkilenen illere sevk edilerek afetzedelere ve afet ¢alisanlarina destek hizmeti sunmaktadir. Yakin tarihte
biiyiik yikimlara ve can kayiplarina sebep olan 6 Subat 2023 Kahramanmaras depremlerinde yuratilen PSS hizmetleri
afetten etkilenen toplumun toparlanmasinda oldukga etkili olmustur. Bu ¢alismada, deprem afetinden etkilenen illere
PSS ekiplerinin atanmasi problemi hedef programlama yontemi ile ele alinmustir. Tiirk Kizilay’1 biinyesinde 20 toplum
merkezi ve Bingdl’de olasi iki deprem senaryosu ile ¢calisma devam ettirilmistir. Senaryo 1, Goyniik segmentinde 6.9
biiyiikliigiinde bir depremde 9 il ve Senaryo 2, Yedisu segmentinde 7.2 biiyiikliigiinde bir depremde 11 il
etkilenmektedir. IBM ILOG optimizasyon programi kullanilarak elde edilen ¢oziim sonuglarina gore, Senaryo 1 ve
Senaryo 2’de depremin merkez iissii olan Bingdl’e en fazla ekibin atanmasi gergeklesmistir. Bdylelikle afetten
etkilenen illere istenen sayida ekiplerin atanmasi ile en iyi atama elde edilmistir.

Anahtar Kelimeler: Afet ve Acil Durum Y o6netimi, Psikososyal Destek Hizmetleri, EKip Cizelgeleme, Hedef
Programlama.

Schedule of Psychosocial Support Teams In Disaster And Emergency
Management: The Case of Bingol

Abstract

Disasters, which cause many material and moral losses, negatively affect society. Immediately after the disaster,
normalization activities such as shelter, food, psychosocial support (PSS) and health are carried out. PSS
services manifest themselves at every stage of disaster management. They are studies based on society
and carried out by experts to eliminate psychological disorders that may occur in affected individuals, support
returning to everyday life and improve healing and recovery skills.Teams of certain professional groups are
dispatched to provinces affected by disasters and provide support services to disaster victims and workers. PSS
services carried out in the Kahramanmaras earthquakes of February 6, 2023, which recently caused great
destruction and loss of life, effectively recovered the society affected by the disaster. This study addressed the
problem of assigning PSS teams to the provinces affected by the earthquake disaster with the goal programming
method. The work continued with 20 community centers within the Turkish Red Crescent and two possible
earthquake scenarios in Bingdl. Scenario 1, 9 provinces are affected by a 6.9 magnitude earthquake in the
Goyniuk segment, and Scenario 2, 11 provinces are affected by a 7.2 magnitude earthquake in the Yedisu
segment. According to the solution results obtained using the IBM ILOG optimization program, most teams
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were assigned to Bingdl, the earthquake's epicenter, in Scenario 1 and Scenario 2. Thus, the best assignment
was achieved by assigning the desired number of teams to the provinces affected by the disaster.

Keywords: Disaster and Emergency Management, Psychosocial Support Services, Staff Scheduling, Goal
Programming.

1. Giris

Ani ve yikici olaylar olan afetler, birgok kayip ve zarara sebep olan olaylardir. Tiirkiye, basta deprem olmak {izere
afetleri siklikla yasayan bir iilkedir. Afetlerin sebep olacagi kayip ve zarar1 en aza indirebilmek i¢in kaynak ve
operasyonlar1 etkili bir sekilde planlamak ve yonetmek gerekir. Bu kapsamda yapilan tiim ¢aligmalar afet yonetimini
kapsamaktadir. Afet yonetimi cergevesinde yiiriitiillen faaliyetler birbirini tamamlamakta oldugundan bu asamalar
birbirini takip etmektedir (Sahin, 2019). Afet nedeniyle yasanan kayiplar etkilenen toplumun aci, 6fke, korku,
uykusuzluk, {iziintii, yas gibi tepkiler vermesine sebep olmaktadir. insan faaliyetlerinin kesintiye ugramasinin ardindan
normal yagama donmek amaciyla sosyal hizmetler saglanmaktadir. Bu hizmetler barinma, gida, PSS hizmetleri ve
saglik gibi normallesme faaliyetleridir. Sosyal hizmet alanlarindan biri olan PSS hizmetleri etkili bir organizasyon
gerektirmektedir. Bu hizmetler etkilenen toplumu afetin olumsuz etkilerinden arindirmak, acilarini dindirmek, eski
aligkanliklarina dondiirmek (Gray vd. 2021) ve hissedilen karmasik duygularin istesinden gelebilmek igin
verilmektedir. Ayrica bu hizmetler degisen kosullarin diizeltilmesi ve sosyal huzurun yeniden saglanmasina katkida
bulunmaktadir. Hizmetin verildigi birey, aile veya toplum psikiyatrik anlamda hasta degildir, verilen destek psikiyatrik
miidahaleden farkli olan ¢ok yonlii bir yaklagimdir (Kilig, 2008). Odaginda birey ve toplum bulunan psikososyal
calismalar, afet sonrasi yapilan ilk miidahalelerden biridir. Afet bolgelerine ulasan acil yardim ekipleriyle birlikte PSS
caligmalarmin altyapi ve planlamalar1 da baslamaktadir (Aydin, 2012). ihtiyac ve kaynaklarin belirlenmesi ile baslayan
bu siiregte psikolojik ilk yardim, sosyal projeler, egitimler gibi PSS araglar1 kullanilmaktadir. PSS hizmetleri vermek
amactyla kurulmus toplum merkezlerinde tedavi edici, koruyucu, gelistirici ve Onleyici aktiviteler
gerceklestirilmektedir (Aydin, 2012). Bu toplum merkezleri AFAD akreditasyonuna gore olusturulur ve Aile ve Sosyal
Hizmetler Bakanligi’na karsi1 sorumludur.

Bu ¢aligsmada, Tiirk Kizilay’t PSS ekiplerinin dogru afet illerine atanmasi problemi hedef programlama yontemi ile ele
almmustir. Ornek uygulama yeri olarak, Kuzey Anadolu ve Dogu Anadolu Fay Zonunun kesistigi ve 1. derece deprem
bolgesi olarak kabul edilen Bingdl ve civarindaki iller ele alinmistir. AFAD Deprem Dairesi Bagkanligi tarafindan
olusturulan iki farkli senaryonun ¢iktilari ile ¢aligma devam ettirilmistir (Bingdl AFAD, 2022). Senaryo 1’de Goyniik
segmentinde 6.9 biiyiikliigiinde olas1 depremde 9 ilin etkilenecegi tahmin edilmistir. Senaryo 2’de Yedisu segmentinde
7.2 biiyiikligiinde olast depremde 11 ilin etkilenecegi tahmin edilmistir.

2. Afet ve Acil Durum Yonetiminde Psikososyal Destek Hizmetleri

Psikososyal, psikolojik ve sosyal etkilerin iligkisidir. Afet ve acil durum g¢ercevesinde PSS, afet sonrasi muhtemel
psikolojik bozukluklarin ve uyumsuzluklarm engellenmesi ve bertaraf edilmesidir. Herhangi bir psikolojik ya da
psikiyatrik tedavi amaci giitmemektedir. Etkilenen birey, aile ve toplumun normal yasamlarina gegislerine destek
olmak ve bu siireci hizlandirmak, ihtiyaglarina yonelik ihtiyag ve kaynak analizi yapmak, afet ve acil durumlarla basa
¢ikmak ve miidahalelerine destek olma amacinin yani sira iyilesme kapasitelerini farkettirmek ve iyilesme becerilerini
arttirmaktir. Ayn1 zamanda yardim g¢aligmalarini destekleyen ve afetin her asamasinda yiiriitiilen cok disiplinli bu
hizmetler (Demir, 2020) sosyal hizmet miidahalesi olarak tanimlanan (Aktas, 2003) ve afet sonrasi yapilan
normalizasyon faaliyetleridir. Afetin meydana gelmesi ile birlikte ihtiyaclarin ve kaynaklarin degerlendirilmesi,
psikolojik ilk yardim ile PSS hizmetleri baglamakta ve siirec ilerledik¢e diger destek araclarryla devam etmektedir. Bu
hizmetler etkilenen bireylerin gdsterdigi aci, korku, sok, uykusuzluk, yas gibi psikolojik tepkilerin iistesinden gelme
ve bu tepkilerin agilmasi konusunda yardimci olmaktir. PSS hizmetlerinin en temel amact dnleyici ve iyilestirici
faaliyetlere odaklanmaktir. Bu hizmetlerin saglandigi siireg etkilenen bireyleri anlamaya, dinlemeye, desteklemeye ve
yardimct olmaya yonelik faaliyetler biitiinlidiir. Afetlerin toplum tizerinden dogrudan etkisi kisilerin, ailelerin ve
toplumun PSS hizmetlerine olan gereksinimini gostermektedir (Demir, 2020). Afet ve acil durumlarda birgok kurum
ve kurulus birlikte ¢aligip, insani yardim yapabilme amaciyla isbirligi igerisinde esgiidiimii saglamalidir. Esgiidiimiin
saglanabilmesi i¢in ruh sagligi ve PSS saglayicilarinin genel bir plan ve is bolimiinde uzlasmalar1 gerekmektedir. PSS
hizmetini gergeklestirebilmek igin her ¢aligan, ruh sagligi ve psikososyal iyilik halini desteklemekten sorumludur.
Miidahale kapsamindaki her etkinlik ruh saglig1 ve psikososyal iyilik halini arttiric: niteliktedir (Arslan Tomas ve
Savur, 2018). PSS herhangi bir afet ve acil durumun oldugu ilde ¢esitli kurum ve kuruluslarda gérevli sosyal hizmet
uzmani, ¢ocuk gelisim uzmani, psikolog, psikolojik danisman gibi meslek gruplarinin gérevlerini yerine getirerek
etkilenen topluma belirli hizmetlerin verilmesi ve takip edilmesi ile devam etmektedir (URL-1).
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Birey ve toplumun sosyal, ekonomik, psikolojik ve fiziksel iyilik durumlarin giiclendirerek toplumun dayanikliliginin
gelistirilebilmesine siirdiiriilebilir katki saglamak amaciyla Tiirk Kizilay toplum merkezleri kurulmustur. Bu toplum
merkezleri birgok caligma faaliyetlerine sahiptir. Bu faaliyetlerden biri de saglik ve PSS c¢alismalaridir. Bireylerin
fiziksel ve ruhsal iyiliklerini destekleme, ruh sagligi sorunlarini tedavi etme ve toplumu temel alarak saglik
miidahalesinde bulunma hizmetleri sunmaktadirlar. Kadin ve ¢ocuk sagliginin giiclendirilmesi, hane ziyaretleri, sehir
merkezi disinda yasayan insanlara mobil ekip ile hizmet sunma, egitimler, psikoterapi, saglik hizmetlerine erisim vb.
toplum merkezlerinde saglanan temel desteklerdir. Bu toplum merkezlerinde sosyal hizmet uzmani, ¢ocuk geligim
uzmant, psikolog, psikolojik danigman olmak tizere dort farkli meslek gruplarindan meydana gelen PSS hizmet gruplari
olusturulmaktadir. PSS hizmeti saglayan ekipler belirli toplum merkezlerinden afet illerine atanmaktadir. Illere atanan
ekipler kendi aralarinda doniisiimlii olarak mobil ekip ve sabit ekip olarak hizmet saglamaktadirlar. Afetten etkilenen
illerin hizmete ulagamayan ilgce ve kdylerini ziyaret eden ekip, mobil ekip olarak adlandirilmaktadir. Sabit ekip ise
ildeki ¢adir kent ve konteynr kentlerde hizmetlerine devam etmektedir.

3. Literatiir Arastirmasi

Savur ve Arslan Tomas (2010), terdr olaylar1 sonrasinda hangi psikososyal destek hizmetlerinin aglandigindan, terdr
olaylarini diger afetlerden ayiran ozelliklerinden bahsetmiglerdir. Nolz vd. (2011), lojistik sisteminin afetzedelere
yardim dagitimi konusunu ¢ok amagli optimizasyon problemi olarak formiile etmislerdir. Etkilenen topluma mevcut
kaynaklar1 eniyi sekilde saglamak amaciyla ¢ok amagli model gelistirerek kapsam, risk ve toplam seyahat siiresini
minimizasyonunu amaglamiglardir. Coban (2019), Turkiye’de psikososyal hizmetlerin gelisimini, bu hizmetlerin nasil
uygulandigini ve bireyler tizerindeki olumlu ve olumsuz etkilerinden bahsetmistir. Afet ve acil durumlara maruz kalmis
olan 18 katilimci ile degerlendirme gercevesi sunmustur. Artan ve Ozkan (2020), sosyal hizmetin afetlerle olan
iliskisini degerlendirmislerdir ve sosyal hizmet uzmanlarmin afetlerdeki mesleki uygulamalarmi incelemiglerdir.
Umeda vd. (2020), afet miidahale ekiplerinin ruh sagliklarini ve psikolojik streslerini koruyup gelistirmek (zerine
yapilan psikososyal destek ¢alismalarini incelemislerdir. Danisan ve Eren (2022a), deprem afetinde kentsel arama
kurtarma ekiplerinin ¢izelgelenmesi problemini ele almislardir. Matematiksel programlama yontemi ile hangi ekiplerin
hangi afet yerlerine gitmesi gerektigine cevap aramiglardir. Danigan ve Eren (2022b), afet yonetiminde 6nemli bir konu
olan Tiirkiye’de ¢aligsmalarini yiiriitecek olan uluslararasi arama kurtarma ekiplerinin belirlenmesini ele almislardir.
Ekipleri belirlemede AHP ve TOPSIS kullanmiglardir. Fei ve Wang (2022), Kurtaricilar1 birden ¢ok afet bolgesine
etkili bir sekilde sevk edilmesi i¢in kurtaricilarin yetkinligini ve kurtarma siiresi memnuniyetini en iist diizeye ¢ikarmak
icin Kanita dayali en iyi-en koti metodu ile Dempster-Shafer teorisini kombinleyerek modelleme yapmislardir. Nayeri
vd. (2022), iran’daki sel felaketinden elde edilen verilerle kurtarma ekiplerinin atanma problemini ele almislardir.
Bulanik saglam optimizasyon ile hibrit metasezgisel algoritmay: kullanarak kurtarma operasyonlarmin agirlikl
tamamlanma zamanlarinin toplaminin minimizasyonunu amaglamiglardir. Abay ve Celik Abay (2023), birgok ilin
etkilendigi 2023 Kahramanmaras depremlerinden sonraki donemde karsilasilan ekonomik, sosyal ve psikolojik
sorunlar igin 6neriler gelistirmiglerdir. Akdas (2023), afet yonetiminde miidahale ekiplerinden olan arama-kurtarma ve
psikososyal destek ekiplerini ¢izelgeleme problemlerini ele alan alt1 ¢alisma gerceklestirmistir. Akdas ve Eren (2023a),
merkez tissiit Aydin-Efeler il¢esi olan bir deprem senaryosunda yikimin meydana geldigi afet ilgelerine arama kurtarma
ekiplerini ¢izelgeleme problemini ele almiglardir. Akdas ve Eren (2023b), olast Elazig depreminde yikimin meydana
geldigi afet ilgelerine arama kurtarma ekiplerinin gizelgeleme problemini hedef programlama yontemi ile ele
almiglardir. Akdas ve Eren (2023c), Erzincan’da meydana gelecek olasi bir depremde yikik binalarin oldugu illere
arama kurtarma ve psikososyal destek ekiplerini ¢izelgeleme problemini ele almiglardir. Arica vd. (2023), literatlrde
kirtlgan grup olarak tanimlanan kadinlar, yaslhlar, engelliler vb. tizerinde afetlerin psikolojik etkilerine y6nelik verilerin
psikososyal hizmetlerin nasil olacagi dogrultusunda bakis agisi sunmuglardir. Oktar ve Negiz (2023), Covid-19 salgin
doneminde salgindan etkilenen insanlara yardim etme amaciyla olusturulan psikososyal destek uygulamasinin toplum
iizerindeki etkililigi ve sosyal hizmet uzmanlar tarafindan nasil algilandigint anlama amagli 10 sosyal hizmet uzmani
ile goriisme saglamiglardir. Bu uygulama sayesinde sosyal hizmet uzmanlarinin aktif olarak rol aldig1 ve giiglii yonleri
ortaya ¢ikmuistir.
Ayrica bu ¢aligmanin temel konusu olan personel ¢izelgeleme probleminde bir¢ok ¢alisma yapilmistir. Uygulama
alanlar1 ve ¢6ziim yontemleri farklilik gostermekte olan bu ¢aligsmalardan bazilari sunlardir; Bedir vd. (2017); Eren vd.
(2022); Giler vd. (2022) ergonomik personel ¢izelgeleme problemini ele almiglardir. Varli ve Eren (2017); Varli vd.
(2017); Varh vd. (2018); Kocgak vd. (2023); hemsire ¢izelgeleme problemini ele almiglardir. Demirel vd. (2018); Eren
vd. (2019); Akdas ve Eren (2023) glvenlik personeli gizelgeleme problemini ele almiglardir.
Afetlerde PSS calismalarina akademik ilgi oldukga azdir. Bu hizmetlerin planlanmasi ve gergeklestirilmesi 6nemli bir
konudur. Bu nedenle bu ¢aligmada Tiirk Kizilayr Sosyal Hizmet Direktorliigii biinyesinde toplum merkezlerinde,
afetten etkilenen topluma hizmet veren PSS ekipleri ile bu ¢alisma gerceklestirilmistir. Ele alinan bu ¢alismanin
literatiire katkis1 sunlardir:

» PSS hizmeti saglayan ekiplerin afet illerine ¢izelgesini ele alan ilk ¢alismadir.
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4. Uygulama

Uygulamada, en fazla diri fay bulunduran ikinci ilimiz olan Bingél ili’nin ele almmasinin bir nedeni yerbilim
insanlarinin yakin zamanda deprem beklemesidir. Bir diger nedeni ise, aktif olan DAFZ (Dogu Anadolu Fay Zonu) ve
KAFZ (Kuzey Anadolu Fay Zonu) kesisme noktasinda konumlanmis olmasidir.

Bingol ve civarinda olasi iki farkli deprem senaryosu kullanilmustir. Tiirk Kizilay PSS ekiplerinin afetten etkilenen
illere atanmasi problemi ele alinmistir. Akis semasi Sekil 1°de goriildiigi gibidir.

Problemin tanimlanmasi

Verilerin toplanmasi

Afet illerinin belirlenmesi

Ekiplerin afet illerine
atanmasi

Matematiksel modelin
olusturulmasi

Coziim sonuglarinin
degerlendirilmesi

Sekil 1. Akig Semast

4.1. Problemin Tanimlanmasi

Afet ve acil durum meydana geldigi andan itibaren sahaya inerek psikolojik uyumsuzluk ve bozukluklarin énlenmesi
amaciyla normalizasyon faaliyetleri sirdiiren PSS ekiplerinin afet illerine atanmasi problemi hedef programlama
yontemi ile ele alinmistir. AFAD tarafindan olusturulan Bing6l ve civarinda olas1 iki deprem senaryosu ve Tiirk Kizilay
toplum merkezlerinde hizmet veren PSS ekipleri ile ¢aligma siirdiiriilmistiir. Senaryo 1, Goyniik segmentinde 6.9
biiylikliigiinde bir depremde etkilenecek 9 afet iline toplum merkezlerinin atanmasi problemidir. Senaryo 2, Yedisu
segmentinde 7.2 bityiikliigiinde bir depremde etkilenecek 11 afet iline toplum merkezlerinin atanmasi problemidir.

4.2. Verilerin Toplanmasi

» AFAD
Deprem risk analiz galismalar1 igin AFAD Deprem Dairesi Baskanlig1 tarafindan hazirlanan Bingdl il Afet ve Risk
Planlamas1 Kilavuzu incelenmistir. Bu kilavuzda AFAD-RED programi kullanilarak iiretilmis olan Bingdl ili’ni
etkileyecek farkli segmentlerde ve farkli biiyiikliiklerde deprem senaryolar1 bulunmaktadir. Meydana gelecek bir
deprem sonucu bilgi kirliligi ve kaosun ortadan kaldirilmasi, miidahale ekiplerinin dogru afet bdlgelerine hizli bir
sekilde sevk edilmesi amaciyla hazirlanmistir. Ele alinan bu g¢alismada bu senaryolar ve senaryolarin ¢iktilar:
kullanilmistir.

» Tirk Kizilay
Tiirkiye’de afet ve acil durumlarda sosyal hizmetler alaninda hizmet vermekte olan 19 ilde toplamda 20 adet toplum
merkezi Tiirk Kizilay Sosyal Hizmetler Direktorliigli bulunmaktadir. Bu toplum merkezlerinde deneyimli ve goniilli
olan belirli meslek gruplarindan PSS hizmeti veren, daha once afet sahasini gérmiis ve karsilasacagi zorluklara
dayanikli personeller bulunmaktadir. Meslek gruplarimi sosyal hizmet uzmani, ¢cocuk gelisim uzmani, psikolog ve
psikolojik danigman olusturmaktadir. Bir toplum merkezinde 5 sosyal hizmet uzmani, 1 ¢ocuk gelisim uzmani, 2
psikolog ve 1 psikolojik danigman olmak iizere 9 caligan bulunmaktadir.

4.3. Afet illerinin Belirlenmesi
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AFAD Deprem Dairesi Bagkanlig1 tarafindan deprem senaryolar1 olusturulup AFAD-RED analiz programu ile analiz
edilmektedir. Program c¢iktilar1 afet sonrasi potansiyel kayiplar hakkinda bilgiler vermektedir. Afetten etkilenen
bolgeleri gosteren sismik siddet haritasi, bina hasar grafigi bu ¢iktilardan bazilaridir. Bingol i1 Afet ve Risk
Planlamasi’nda bulunan iki farkli deprem senaryosu vardir.

Senaryo 1’e goére, Goyniik segmentinde 6.9 biyiikliigiinde bir deprem meydana gelecektir. Bu senaryoda Bingdl,
Batman, Bitlis, Diyarbakir, Elazig, Erzincan, Erzurum, Mus ve Tunceli olmak {izere 9 afet ili farkli siddette
etkilenecektir. Depremden etkilenen illerin bazi il¢elerindeki binalarda hasarlar ortaya ¢ikacaktir.

Senaryo 2’ye gore, Yedisu segmentinde 7.2 biiyiikliigiinde bir deprem meydana gelecektir. Bing6l, Bayburt, Batman,
Diyarbakir, Elazig, Erzincan, Erzurum, Giimiishane, Mus, Tunceli ve Sanliurfa olmak tizere 11 afet ili farkli siddette
etkilenecektir. Depremden etkilenen illerin bazi il¢elerindeki binalarda hasarlar ortaya ¢ikacaktir.

4.4. Ekiplerin Afet illerine Atanmasi

PSS hizmeti vermekte olan her bir toplum merkezi, afet meydana geldiginde afet iline en az 4 ve en fazla 6 kisilik bir
ekip gondermektedir. Bu ekip igerisinde dort meslek grubundan en az 1 personel olmak zorundadir. Afetin
biiyiikliigiine ve etkisine gore her bir afet iline ayni destek ekiplerinden bagimsiz olarak toplum merkezlerinden en az
4 ve en fazla 15 kisilik bir ekip gonderilmektedir. Her afet iline en az 1 ve en fazla 4 toplum merkezi génderilmelidir.
Bir toplum merkezi en fazla bir ile gonderilmelidir.

4.5. Matematiksel Model

Problemin ¢oziimiinde hedef programlama yontemi kullanilmgtir.

4.5.1. Hedef programlama

Kullanilan bu yontemde, tek amagli olan dogrusal programlamadan farkli olarak amag fonksiyonunda birden fazla
ama¢ hedeflenmektedir. Amag fonksiyonunda yer alan negatif ve pozitif sapma degiskenlerinin ¢arpimi sifira esit
olmalidir. Yani degigkenlerden bir tanesi sifirdan biiyiik iken, diger degigken sifira esittir. Sapma degiskenleri negatif
deger alamaz ve amag¢ fonksiyonundaki negatif ve pozitif sapma degiskenleri en kiigiiklenmeye caligilir. Hedef
programlama yonteminin formulasyonu Denklem 1-3’te gdsterilmistir (Taha, 2015).

x;:j. karar degiskeni

a: karar degiskeni katsay: parametresi

r:hedef kisiti sag taraf deger parametresi

d}:i.hedefin pozitif sapma degeri

d; :i.hedefin negatif sapma degeri

MinZ = Si,(df +d;) )
Yhiaxx;—df+di =r 3]
x],d;',dl_ >0 Vilj (3)

Denklem 1, modelin amag fonksiyonunu ifade etmektedir. Denklem 2, modelin hedef kisitidir ve ulagilmak istenen r
sag taraf degeridir. Denklem 3, modelin isaret kisitlaridir.

4.5.2. Olusturulan matematiksel modeller

Senaryo 1
Parametreler
n=toplum merkezi sayisi

m=il sayist
i=toplum merkezi i=1,2,...,n
j= afetili j=12,...m
Karar degiskenleri
_ (1,i.toplum merkezi j.afet iline atamirsa
= { 0, diger durumlar L
d}, = i.toplum merkezinin 1. hedeften pozitif saqpma miktart i=12, ...,

d}, = i.toplum merkezinin 1. hedeften negatif sapma miktart i = 1,2, ...
d}, = i.toplum merkezinin 2. hedeften pozitif sapma miktart i=12, ...,
d}, = i.toplum merkezinin 2. hedeften negatif sapma miktart i = 1,2, ...
d} = i.toplum merkezinin 3. hedeften pozitif sapma miktart =12, ...,
d} = i.toplum merkezinin 3. hedeften negatif sapma miktart i = 1,2, ...,
Kisitlar

S 33333
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Yitix; <1V, (1)
X =21V 2

iz1xij <4V €))

Hedef Kisitlart

Yiixg—di+tdp=4 j=1 4

Z?:]_ x,:]' - d;; + d,'_z =3 ] = 2,3,4 (5)

Amag Fonksiyonu

minz =YL, (d} +dy +dL +dy +df +d3) (7)

Xij=0veyal V,; (8)

di,d;,db, dn,dE,dz =0 v, 9

1. Kisit bir toplum merkezinin en fazla bir afet iline atanmasidir. 2. Kisit her bir afet iline en az bir toplum merkezi
atanmasidir. 3. Kisit her bir afet iline en fazla 4 toplum merkezi atanmasidir. 4. Kisit depremden en ¢ok etkilenen
Bingdl’e 4 toplum merkezinin atanmasidir. 5. Kisit Diyarbakir, Elazig ve Mus illerine atanan toplum merkezi sayisinin
3’e esit olmasidir. 6. Kisit Batman, Sanliurfa, Erzincan, Erzurum ve Tunceli illerine atanan toplum merkezi sayisinin
1’e esit olmasidir. 7. Kisit amag fonksiyonudur. 8. Kisit ve 9. Kisit problemin isaret kisitlaridir.

Senaryo 2

Parametreler

n=toplum merkezi sayisi

m=il sayist
i=toplum merkezi i=1,2,...,n
j= afet ili j=12,...m
Karar degiskenleri
_ (1,i.toplum merkezi j.af et iline atanmirsa
Xij = { 0, diger durumlar Li
d}; = i.toplum merkezinin 1. hedeften pozitif sapma miktart i=12,..,n
d}, = i.toplum merkezinin 1. hedeften negatif sapma miktart i =1,2,...,n
d}, = i.toplum merkezinin 2. hedeften pozitif saqpma miktart i=12,..,n
d}, = i.toplum merkezinin 2. hedeften negatif sapma miktart i = 1,2,...,n
d} = i.toplum merkezinin 3. hedeften pozitif saqpma miktart i=12,..,n
df = i.toplum merkezinin 3. hedeften negatif sapma miktart i =1,2,...,n
Kisitlar
Yitixy <1V, 1)
=X =21 (2)
Yisixij <4V ©)
Hedef Kisitlar:
Yiixj—ditdp=4j=1 (4)
Z?zlxu—d;'2+dl_2=3 ]=2,3,4‘ (5)
?zlxu—dg+dl_3=1]=5,,,11 (6)
Amag Fonksiyonu
minz =YL, (dfi +di +df +dp +dE +dj) @)
xij =0veyal V;; (8)
di,d;,db,dn,dE,dz =0 v, 9)

1. Kisit bir toplum merkezinin en fazla bir afet iline atanmasidir. 2. Kisit her bir afet iline en az bir toplum merkezi
atanmasidir. 3. Kisit her bir afet iline en fazla 4 toplum merkezi atanmasidir. 4. Kisit depremden en ¢ok etkilenen
Bingdl’e 4 toplum merkezinin atanmasidir. 5. Kisit Erzincan, Erzurum ve Tunceli illerine atanan toplum merkezi
sayisinin 3’e esit olmasidir. 6. Kisit Bayburt, Elazig, Mus, Giimiishane, Batman, Bitlis ve Diyarbakir illerine atanan
toplum merkezi sayisinin 1’e esit olmasidir. 7. Kisit amag¢ fonksiyonudur. 8. ve 9. Kisit problemin isaret kisitlaridir.

5. Sonuclar ve Tartisma
Olusturulan matematiksel model IBM ILOG optimizasyon programinin CPLEX ¢dziiciisti ile ¢ozdiriildiigiinde

Senaryo 1 ¢oziim sonuglar1 Tablo 1’de ve Senaryo 2 ¢6ziim sonuglar1 Tablo 2°de verilmistir.
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Tablo 1 Senaryo 1 C6ziim Sonuglari

Afet ili Toplum Merkezi
Bingol @
Diyarbakir @
Elaz1g @

SRR O
Batman @
Sanliurfa
Erzincan @
Erzurum @
Tunceli

Tablo 1°de goriildiigii gibi afetten etkilenen her ile en az bir ve en fazla 4 toplum merkezinin atamasi gergeklesmistir.
e Bingdliline 2, 11, 16 ve 18. toplum merkezleri olmak iizere 4 toplum merkezi atanmistr.

Diyarbakir iline 6, 9 ve 13. toplum merkezleri olmak iizere 3 toplum merkezi atanmistir.

Elaz1g iline 3, 15 ve 17. toplum merkezleri olmak iizere 3 toplum merkezi atanmstir.

Mus iline 1, 4 ve 7. toplum merkezleri olmak iizere toplam 3 toplum merkezi atanmistir.

Batman iline 9. toplum merkezi olmak {izere 1 toplum merkezi atanmistir atamistir.

Sanliurfa iline 10. toplum merkezi olmak {izere 1 toplum merkezi atanmistir atamistir.

Erzincan iline 5. toplum merkezi olmak tizere 1 toplum merkezi atanmigtir atamistir.

Erzurum iline 12. toplum merkezi olmak {izere 1 toplum merkezi atanmistir atamistir.
e  Tunceli iline 14. toplum merkezi olmak {izere 1 toplum merkezi atanmigtir atamustir.

Toplam 20 toplum merkezinden 18’inin afet illerine atamasi gergeklesmistir. Boylelikle matematiksel modeldeki

kisitlar ve istenilen hedef kisitlar1 saglanmustir.
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Tablo 2 Senaryo 2 C6ziim Sonuglari

Afet ili Toplum Merkezi
Bingol
Erzincan @
Erzurum @
Tunceli @
Bayburt
Elaz1g @
Gilimiighane @
GERINO
Batman @
Bitlis @
Diyarbakir @

Tablo 2’de goriildiigii gibi afetten etkilenen her ile en az bir ve en fazla 4 toplum merkezinin atamasi gergeklesmistir.

Bingdl iline 10, 17, 18 ve 19. toplum merkezleri olmak {izere 4 toplum merkezi atanmistir.
Erzincan iline 1, 6 ve 7. toplum merkezleri olmak iizere 3 toplum merkezi atanmistir.
Erzurum iline 2, 8 ve 14. toplum merkezleri olmak iizere 3 toplum merkezi atanmustir.
Tunceli iline 11, 13 ve 16. toplum merkezleri olmak iizere 3 toplum merkezi atanmustir.
Bayburt iline 20. toplum merkezi olmak {izere 1 toplum merkezi atanmistir atamistir.
Elaz1g iline 4. toplum merkezi olmak {izere 1 toplum merkezi atanmigtir atamistir.
Gilimiishane iline 15. toplum merkezi olmak tizere 1 toplum merkezi atanmistir atamistir.
Mus iline 5. toplum merkezi olmak {izere 1 toplum merkezi atanmistir atamistir.

Batman iline 3. toplum merkezi olmak {izere 1 toplum merkezi atanmistir atamistir.
Bitlis iline 12. toplum merkezi olmak {izere 1 toplum merkezi atanmistir atamistir.
Diyarbakair iline 9. toplum merkezi olmak {izere 1 toplum merkezi atanmistir atamistir.

Toplam 20 toplum merkezinden hepsinin afet illerine atamasi ger¢eklesmistir. Boylelikle matematiksel modeldeki
kisitlar ve istenilen hedef kisitlar1 saglanmigtir.

Psikososyal destek hizmetlerinin en temel amaci 6nleyici ve iyilestirici faaliyetlere odaklanmaktir. Bu hizmetlerin
saglandig1 siire¢ etkilenen bireyleri anlamaya, dinlemeye, desteklemeye ve yardimci olmaya yonelik faaliyetler
biitiiniidiir. Odaginda birey ve toplum bulunan psikososyal ¢aligmalar, afet sonrasi yapilan ilk miidahalelerden biridir.
Afetlerin toplum {iizerinden dogrudan etkisi kisilerin, ailelerin ve toplumun psikososyal destek hizmetlerine olan
gereksinimini gostermektedir (Demir, 2020). Bu nedenle gercek bir hayat problemi olan PSS caligmalarinin afet
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illerinde yiiriitiilmesi amactyla ¢izelgeleme problemi ele alinmistir. Problem ¢ozdiiriildiigiinde en iyi ¢izelge elde
edilmistir.

6. Degerlendirme

Bu calismada psikososyal destek ekiplerinin afet illerine gizelgeleme problemi ele alinmistir. AFAD Deprem Dairesi
Bagkanlig1 tarafindan olusturulan iki senaryo ile ve Tiirk Kizilay psikososyal destek ekip calisanindan elde edilen
bilgiler dogrultusunda bu ¢alisma devam ettirilmistir. Senaryolar i¢in hedef programlama yontemi ile matematiksel
modeller olusturulmustur. IBM ILOG programmin CPLEX c¢oziiciisii ile modeller ¢ozdiiriilmiistiir. Senaryo 1 ‘den
elde edilen sonuclara gore, her ile en az 1 toplum merkez atanmigtir. Bing6l iline 4 toplum merkezi, Diyarbakir-Elazig-
Mus illerine 3 toplum merkezi, Batman-Sanliurfa-Erzincan-Erzurum-Tunceli illerine 1 toplum merkezi atamustir.
Toplam 20 toplum merkezinden 18’inin afet illerine atamasi ger¢eklesmistir.

Senaryo 2 ‘den elde edilen sonuglara gore, her ile en az 1 toplum merkez atanmstir. Bingo6l iline 4 toplum merkezi,
Erzincan-Erzurum-Tunceli illerine 3 toplum merkezi, Bayburt-Elazig-Mus-Giimiishane-Batman-Bitlis-Diyarbakir
illerine 1 toplum merkezi atamistir. Toplam 20 toplum merkezinden hepsinin afet illerine atamasi gergeklesmistir.
PSS ekiplerinin afet illerine atanmasini ele alan bu g¢alisma, PSS caligmalarinin temelinde olan afet yonetiminin
konusudur. Afet yonetiminin her agamasinda gérev alan bu ekipler zorlu afet sahalarinda ¢aligmaktadir. Hayatta kalmis
olan afetzedelere her tirlii psikolojik destegi saglamaktadirlar.

Afet yonetiminin miidahale asamasinda farkli gorevler iistlenen birgok personel vardir. Bu personellerin bir araya
gelerek ilk midahale ekiplerini olusturmaktadir. ilk miidahale ekiplerinden biri olan ve arama kurtarma galismalarinda
gorev alan ekiplerin cizelgelenmesi konusunda literatiirde birgok ¢aligma ile karsilasmaktayiz. Ancak PSS ekiplerini
cizelgeleme probleminin ilk 6rnegi bu makalededir. Hazirlanan deprem senaryolarina gore, PSS ekiplerinin hangi afet
iline sevk edileceginin dnceden planlanmis olmasi yapilacak olan miidahaleyi hizlandiracaktir. Ayni zamanda bu tiir
problem afet ve acil durum karar vericilerine rehberlik edecektir.

Etik Beyam

Bu makalenin yazarlari, bu ¢alismada kullanilan materyal ve yontemlerin etik kurul izni ve / veya yasal-
0zel izin gerektirmedigini beyan etmektedir.
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kontroliiniin yapilmasi.
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Ozet

Dogal afetlerin tetikledigi teknolojik kazalar Natech kazalari olarak tanimlanmaktadir. Dogal afetler kadar dogal afetler
sebebiyle olusabilecek teknolojik kazalar da canli hayatinda maddi ve manevi ciddi sikintilara sebep olabilmektedir.
Ancak insanlarda bu durumun farkindaligi ne yazik ki heniiz tam olarak olugsmamustir. Bu ¢aligma Natural Hazard
Triggered Technical Accidents (Natech) kazalar1 hakkinda bilgi vermek ve Natech risklerini azaltma c¢alismalarina
yardim etmek amaciyla gergeklestirilmistir. Calismada Natech kazalarinda risk azaltma igin 5 ana 14 alt kriter
belirlenmistir. Bu kapsamda kriterlerin risk azaltimindaki 6nem agirliklart Cok Kriterli Karar Verme (CKKV)
yontemlerinden Analytic Network Process (ANP) yontemi kullanilarak elde edilmistir. Ana kriterler i¢erisinde dnem
agirhigi olarak Bolgesel Veriler ve Risk kriterleri ilk sirada yer alirken, “Bélgedeki Mevcut Dogal Tehlikeler (BMDT)”
alt kriteri alt kriterler arasinda en yiiksek 6nem agirligina sahip kriter olmustur.

Anahtar Kelimeler: Afet Yonetimi, Natech Kazalari, ANP, CKKV

Weighting Risk Reduction Criteria For Technological Accidents Triggered By Natural
Disasters Using ANP Method

Abstract

Technological accidents triggered by natural disasters are defined as Natech accidents. Technological accidents that
may occur due to natural disasters as well as natural disasters can cause serious material and moral problems in life.
However, unfortunately, people are not yet fully aware of this situation. This study was carried out to provide
information about Natech accidents and to help Natech risk mitigation efforts. In the study, 5 main and 14 sub-criteria
were determined for risk reduction in Natech accidents. In this context, the importance weights of the criteria in risk
reduction were obtained by using Analytic Network Process (ANP) method, one of the Multi-Criteria Decision Making
(MCDM) methods. While the Regional Data and Risk criteria ranked first in terms of importance weight among the
main criteria, the sub-criterion "Existing Natural Hazards in the Region (ENHR)" had the highest importance weight
among the sub-criteria.

Keywords: Disaster management, Natech Accidents, ANP, MCDM

1. Giris

Afetler, insanlarin diinyada var olmasindan bu yana karsilastig1 beklenmeyen ve kaginilmaz olaylardir (Isbir ve Kaya,

2022). Afetler sonucunda fiziksel, sosyal ve ekonomik sorunlar ortaya ¢ikabilmektedir. Bu sorunlar maddi ve manevi

olarak oldukca ciddi sonuglar dogurmaktadir. Fiziksel zarar olarak dlen, yaralanan ve fiziksel zarar goren kisiler ile
34
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fiziksel zarar goren yapilar sdylenebilir. Dagilmis aileler, degisen giinliik yasam, afetzedelerin yasadigi travmalar,
degisen egitim olanaklar1 vb. olumsuzluklar da afetlerin neden oldugu sosyal sorunlar olarak nitelendirilebilir.
Ekonomik sorunlar ise afetler sebebiyle olusan tiim olumsuz maddi sonuglardir (Yavuz ve Dikmen , 2015).

Afetlerin sebep oldugu zararlari azaltmak i¢in baslatilan ¢aligmalar afet yonetimi siirecini ortaya c¢ikarmistir. Afet
yonetimi, afetler sebebiyle ortaya ¢ikabilecek zararlari 6nleyebilmek, azaltabilmek veya ortadan kaldirabilmek igin
risk analizi ve zarar azaltma, hazirlik, miidahale ve yeniden yapilandirma agamalari kapsaminda afetlerin
yonetilmesidir (Sahin ve Uggiil, 2019). Etkili bir afet yonetim siireci i¢in dort asamanin da etkin ve dogru bir sekilde
yonetilmesi gerekmektedir (Glven ve Eren, 2023) . Bu sayede gerceklesebilecek afetler en az hasarla asilabilecektir.
Olus tiirlerine gore afetler teknolojik ve insan kaynakli afetler ve dogal kaynakli afetler olmak iizere ikiye
ayrilmaktadir. Afetlerin risk ve zarar azaltimi icin ¢alismalar tim afet tirleri igin gerceklestirilmektedir. Afet
yonetiminin ilk asamast olan bu siiregte yasal diizenlemeler yapilir, mithendislik ¢alismalar1 gerceklestirilir ve mevcut
durum analizleri yapilarak eksiklikler belirlenir. Ancak bu siireclerde afetlerin sebebiyet verecegi teknolojik kazalarin
riski ¢ogu zaman goéz ardi edilmektedir. Bu tlr teknolojik kazalara Natech kazalari ismi verilmektedir. Natech
kazalarmin risklerinden bazi zamanlarda bahsedilmis olsa da kazalarla ilgili etkin ve detayli ¢aligmalara yer
verilmemektedir. Natech riskleri i¢in alinacak dnlemler de afet yonetimi siirecinin 6nemli bir parc¢asidir. Son yasanan
depremler ile birlikte, kritik altyapi ve endiistriyel tesisler i¢in ciddi zarar potansiyeli olusturacak kapasiteye sahip
dogal veya teknolojik kaynakli afetlerin sayisinda 6nemli bir artis oldugu g6zlemlenmektedir (Nascimento ve Alencar,
2016). Bu durum Natech risklerini de dogru orantili olarak etkileyecek ve risk artiglar1 olusacaktir. Dolayisiyla Natech
risk kriterlerinin degerlendirilmesi ile ilgili yapilacak ¢alismalar giincellenerek ¢cogaltilmalidir.

1970’lerin sonunda incelenmeye baslanan Natech kazalar1 dogal afetler tarafindan tetiklenen teknolojik kazalar olarak
adlandirilir (Cruz ve Suarez-Paba, 2019). Petrol ve gaz boru hatlari, niikleer tesisler, kimyasal tesisler, endiistriyel
tesisler gibi teknolojik sistemler, dogal afetlerin etkilerine ve zararlarina kargi savunmasizdir. Dogal afetler sebebiyle
olusabilecek etkiler tesislerde yanginlari, patlamalari ve kimyasal madde salinimlarini tetikleyebilmektedir. Bu olaylar
ise sosyal, ¢evresel ve ekonomik sonuglar dogurmaktadir. Bagka bir perspektiften ise bu olaylarin maddi ve manevi
zararlar olusturdugu da sdylenebilir.

Natech kazalarinin olma olasilig1 ve olusturabilecegi zararlar ile ilgili calismalarin son donemlerde 6nemi giderek
artmaktadir. Bu risk ile ilgili olarak en zorlu durum riskin tahmin edilemedigi diisiincesiyle herhangi bir 6nlemin
almmamasidir. Bu sebeple Natech ile ilgili konularda yapilacak ¢alismalar gelistirilerek dogal afetler de yapildig: gibi
risk analizi ve azaltma ¢aligmalarinin yapilmasi saglanmalidir.

Bu calisma kapsaminda Natech risk azaltma kriterleri tizerinde durulmustur. Bu kriterler literatiir taramasi1 sonucunda
elde edilmistir. Elde edilen kriterler CKKV yodntemi kullanilarak agirliklandirilmistir. Burada amag Natech risklerinin
azaltilmasi i¢in dikkat edilmesi gereken noktalar1 belirleyebilmektir. Bu sayede 6nlem alinmasi gereken durumda kriter
agirliklart goz oniinde bulundurularak risk azaltma calismalar1 igin yol haritasi cizilebilir. Incelenen literatiir
kapsaminda Natech risk azaltma kriterlerini ayrica ele alarak agirliklandirilmasinda CKKV yontemlerini kullanan bir
calismaya rastlanmamuistir. Caligma bu noktada literatiire katki saglayacaktir.

Bu boéliimden sonraki ¢aligma igerigi su sekilde organize edilmistir. Calismanin ikinci bolimiinde Natech kazalari
hakkinda bilgi verilirken ii¢lincii boliimde gercgeklestirilen literatiir ¢caligmasina yer verilmistir. Dordiincii bolimde
problem ¢o6ziimiinde kullanilan yontem agamalart anlatilmistir. Besinci boliimde ele alinan problem uygulamasina yer
verilmis son boliimde ise sonuglar degerlendirilmistir.

2. Natech Kazalarn

Gergek hayatta dogal afetlerin olusmasi kadar teknolojik afetlerle de kars1 karstya kalinmaktadir. Biiyiik endiistriyel
kazalar teknolojik afetler igerisinde dnemli bir pay1 olusturmaktadir. Teknolojik kazalar kendiliginden veya bir dogal
afetin tetiklemesiyle olusabilmektedir. Kendiliginden olusabilecek biiyiik endiistriyel kazalar i¢in 2019 yilinda resmi
gazetede yayimlanan “Biiyiik Endiistriyel Kazalarin Onlenmesi ve Etkilerinin Azaltilmas1 Hakkinda Yonetmelik”
kapsaminda kazalarin dnlenmesi ve risk azaltimi icin yapilacaklar raporlanmistir. Ayrica 1976 yilinda Italya’nin
Seveso kasabasinda gergeklesen kaza sonrasinda endiistriyel kazalar1 onlemek amaciyla direktifler gelistirilmistir.
Giincel haliyle Seveso I1I direktifleri dahilinde ¢aligmalar yapilmaktadir. Ulkemizde de bu direktiflere uygun sekilde
endiistriyel kazalarin kayitlart sistemli bir sekilde tutulmaktadir (Giin, 2017).

Tehlikeli endiistrilerin ve kritik altyapilarin dogal tehlikelere egimli oldugu alanlarda bulundugu her yerde Natech
riskleri mevcuttur. Gegmis deneyimler Natech kazalarinin her tiirli dogal tehlike tarafindan tetiklenebilecegini
bildirmektedir (Krausmann vd., 2019).

Natech olaylart dogal ve insan sistemlerinin alanlarini etkilemektedir. Pes pese gelen etkiler, kritik altyapilara zarar
vererek biyik felaketlere sebep olabilirler. Bu duruma 6rnek olarak bir depremin rafinerilerde buytk nikleer kazalar
olusturmasi, petrokimya ve diger endiistriyel tesislerde patlama ve yanginlara neden olmast verilebilir (Wang, Cai, and
Wei 2022).

Gecgmiste yasanan kazalara bazi 6rnekler verilebilir. 11 Mart 2011 tarihinde gergeklesen Tohoku depremi sonrasinda
niikleer gii¢ istasyonu zarar gérmiis ve reaktoriin eriyip radyoaktif maddelerin ortaya ¢ikmasina neden olmustur (Wang
vd., 2022). 2005-2006 yillarinda Amerika Birlesik Devleti’nde meydana gelen Rita ve Katrina kasirgalari sebebiyle
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gaz tesislerinden ve deniz petrol tesislerinden 600’den fazla kimyasal madde salinimi olmustur (Cruz ve Krausmann,
2009). Tiirkiye’de 17 Agustos 1999 yilinda meydana gelen Kocaeli depreminde TUPRAS rafinerisinde biiyiik bir
yangin ¢tkmig ve AKSA akrilik fiber iiretim tesisinde akrilonitril sizintist olusmustur (Girgin 2011). Yine Turkiye’de
06.02.2023 yilinda Kahramanmaras’ta gerceklesen depremde Hatay ili de etkilenmis ve Iskenderun limaninda
kimyasal dokiintiiler sebebiyle biiyiik bir yangin ¢ikmistir.

Dogal afetler igin risk azaltma ¢alismalar1 gergeklestirilmektedir. Ancak dogal afetler sebebiyle olusabilecek Natech
kazalar1 ¢gogunlukla g6z ardi edilmektedir (Guven vd., 2023). Bu durum olusabilecek risk azaltma ¢alismalarinin da
oniine gegmektedir. Ongoriilemeyen kazalar canli hayatinda maddi ve manevi olarak ciddi hasarlara yol agmaktadir.
Natech kazalarini en aza indirmek ya da engelleyebilmek i¢in risklerin ne oldugunun farkina varilmali ve daha sonra
risk azaltma onlemleri i¢in ¢aligsmalar baglatilmalidir.

3. Literatiir Taramasi

Literatlirde Natech kazalarini farkli yonleriyle ele alan galigmalar mevcuttur. Bunlari; Natech kazalarina 6rnek veren
calismalar, kazalarin altinda yatan sebepleri ele alan g¢alismalar, gergeklesen ve gergeklesebilecek kazalarin
tanimlamasi, Natech risk degerlendirmesi kapsamindaki risk odakli ¢alismalar vb. olarak siralayabiliriz.

Girgin (Girgin, 2011), 17 Agustos 1999 depremi sonrasinda meydana gelen Kocaeli’'nde bulunan TUPRAS
rafinerisindeki biiylik yangmni ve AKSA akrilik fiber iiretim tesisindeki akrilonitril sizintisin1 inceleyerek Natech
risklerinin dnemini vurgulamistir.

Renni vd. (2010), Natech olaylari ile ilgili risk degerlendirmesi i¢in ekipman 6gelerinin olasi yapisal hasar modlarinin
tanimlandig1 ve giivenilir sonug senaryolarinin iligkilendirilmesine olanak saglayan bir metodoloji sunmusglardir.
Krausmann vd. (2011), Natech kazalar altinda yatan sebepleri anlamaya calisarak Natech riskini degerlendirmek i¢in
Avrupa FP7 projesi iNTeg-Risk kapsamindaki risk degerlendirmesi, riske dayali tasarim ve acil durum planlamasi ve
erken uyart sistemlerinde devam eden g¢abalar1 ele alan bir g¢alisma gerceklestirmislerdir. Nascimento ve Alencar
(2016), Natech kazalariyla ilgili ¢aligmalar i¢in 2000 ile 2015 yillar1 arasinda yayinlanan belirli makalelerin anketine
dayali analiz sunan sistematik bir literatiir incelemesi yapmuslardir.

Krausmann vd. (2019), Natech risk faktorlerini ayrintili olarak ele almiglardir. Calismada Avrupa Birligi’nde ve
uluslararasi diizeyde Natech risk yonetimi i¢in mevcut araglara drnekler verip bir iilkenin Natech riskini azaltma
diizeyine yardimci alacak bazi temel gostergeler sunmuslardir. Missuri vd., (2021), Natech kazalarinin son zamanlarda
artmasindan kaynakl risklerin nicel degerlendirmesini ele alabilmek i¢in kapsamli bir metodoloji gelistirmislerdir. Bu
metodolojiyi gelistirirken Ozellikle dogal tehlikelerin etkisiyle giivenlik bariyerlerinin performansinda olusan
degisikligin etkisini ele almiglardir.

Wang vd., (2022), Natech kazalarindaki belirsizliklere geleneksel Bayes Ag1 yerine kanit teorisiyle birlesmis bir Bayes
Ag1 6nermislerdir. Boylelikle verilerin yetersiz oldugu kazalardaki Natech kazalarinin etki ve hasarin1 degerlendirmeyi
miimkiin kilmistir. Paba ve Cruz (2022), kapsamli bir alan1 olan risk yonetimi ve derecelendirme sistemi gevresi olan
Natech RateMe metodolojisini dnermislerdir. Bu olasiliksal risk degerlendirmesi metodolojisi endiistriyel tesislerin
karmasik olaylardan kaynaklanan saha i¢inde ve saha disinda risk yonetimini destekleyebilmekte ve performanslarini
minimum yasam kayiplari agisindan derecelendirebilmektedir.

Gergeklestirilen literatiir arastirmasi dahilinde son zamanlarda Natech kazalarinin riskleri ve nedenlerinin arastirildigi
gozlemlenmistir. Ancak Natech azaltma risk kriterlerini ele alarak CKKV yontemiyle kriter degerlendirmesi yapan bir
calismaya rastlanmamuistir. Natech risklerinin belirlenip azaltilmasinda dikkat edilecek kriterlerin 6nem agirliklarini
tespit etmek bu konuda izlenecek dogru bir yol haritast olusturabilecektir. Caligmanin bu noktada literatiire katk1
saglayacagi diislinilmektedir.

4, ANP Yontemi

Analytic Network Process (ANP) yontemi, sayisal faktorlerin ifade edilemedigi zamanlarda da iyi bir ¢6ziimleyici
olarak kullanilabilir (Yaralioglu, 2010). ANP yontemi ile kriterler ve alt kriterler arasindaki biitiin iligkiler dikkate
alinir. Yontem bu yoniiyle daha etkin sonuglara ulagsma olanagi saglar (Oral vd., 2021). Yapisal olarak Analitik
Hiyerarsi Prosesi (AHP) yontemi ile benzerlik gosterir ancak ANP de model ag modeli seklinde kurulur. Kurulan ag
yapist sayesinde kriterler arasindaki iliskiler ortaya konmaktadir (Ozder vd., 2019). Ayrica AHP yéntemi ile
coziilebilen karar verme problemlerinden daha karmasik olanlara uygulanabilmektedir. ANP yonteminin adimlari
Sekil 1'de verilmistir (Ozcan vd., 2017). Adim 1°de karar verme problemi belirlendikten sonra Adim 2’ye gegilir ve
problem igin belirlenen ana kriter ve alt kriterler arasindaki kriter iligkileri olusturulur. Daha sonra kriterlerin ikili
kargilagtirmasit Adim 3’te gergeklestirilir. Yapilan bu islemlerin tutarliliginin 6l¢iilebilmesi igin Adim 4’te tutarlilik
orani (CR) hesaplanir. Tutarlilik oraninin CR<0,10 olmasi1 gerekmektedir. Bulunan sonug 0,10’dan kiigiik ise problem
¢Ozlimiiniin tutarl oldugu kabul edilir. Adim 5’te Siiper matrisler sirastyla Agirliklandiriimamis, Agirliklandiriimis ve
Limit Siiper Matris olmak iizere olusturulur. Son adim olan Adim 6’da ise en iyi alternatifler segilir.
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[ Adim 1: Karar verme probleminin belirlenmesi ]

y

Adim 2: Tliskilerin belirlenmesi
Kriter ve alt kriterler arasindaki etkilesimler (igsel/digsal
bagimliliklar ve geri bildirimler) belirlenir.

A

( )
Adim 3: Kriterler Arasi Ikili Karsilastirmalarm
Yapilmast
- ¢ J
4 )
Adim 4: Tutarliligin Hesaplanmasi (CR)

CR<10 olmalidir.

S J

!

Adim 5: Siiper Matrislerin Sirayla Olusturulmasi:
*Agirliklandirilmamis Siiper matris
*Agirliklandirilmis Siiper matris
*Limit Stiper matrisi

v
{ Adim 6: En Iyi Alternatifin Belirlenmesi J

Sekil 1. ANP Yontemi Adimlar1 (Unliisoy vd., 2017)

5. Uygulama

Literatiirde yapilan c¢aligmalar sonrasinda Natech riskleri ile ilgili ¢aligmalarin yiikselen bir seyir izledigi
goriilmektedir. Bu noktada risklerinin azaltilmas: igin ele alinacak kriterlerin agirliklandirilmast ve dneminin
belirlenmesi 6nemli bir noktayr olusturmaktadir. Ancak bu &nemli noktaya deginen Natech kriterlerinin
agirliklandirildign bir ¢alismaya rastlanmamistir. Bu calismada baslangic noktasi olarak azaltma kriterlerinin
agirliklandirilmast yapilmistir. Bu kapsamda oncelikli olarak problemin tanimi yapilacaktir. fkinci asamada ise
problemin kriterleri belirlenecektir. Problem kriterleri gergeklestirilen literatiir taramalar1 sonucunda olusturulmustur.
Kriterlerin belirlenmesinin ardindan tigiincii asamada ise problem kriterleri uzmanlar tarafindan ikili olarak
karsilagtirilmis ve kriter agirliklar: elde edilerek sonuglar degerlendirilmistir. Karsilagtirmay1 gerceklestirmek tizere 4
uzman ile goriislilmiistiir. Goriisline bagvurulan uzmanlar afet yonetimi, is saglig1 ve giivenligi, afet riskleri, konusunda
calisan ve afet calismalarinda sahalarda gorev yapan personellerden olugsmaktadir. Gergeklestirilecek uygulama igin
takip edilecek olan problem akis semast Sekil 2°de verilmistir.
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[ 1. Problem Tanimi ]

y
[ 2. Problem Kriterlerinin }

Belirlenmesi

A

3. Problem Kriterlerinin
Agirhiklandirilmasi ve
Sonuglarin Degerlendirilmesi

Sekil 2. Problem Akig Semasi
5.1. Problem Tanim

Dogal afetlerin sebep oldugu endiistriyel kazalar olabilmektedir. Bu olaylara Natech olaylar1 denir. Natech risklerinin
hafifletilebilmesi icin bu konuda farkindaligin olmasi ve risk azaltma g¢alismalarinin yapilmasi gerekmektedir. Bu
kapsamda risklerin azaltilabilmesi igin gerekli olan kriterlerin 6nem agirliklari tespit edilmek istenmistir.
Gergeklestirilen literatiir taramasi sonucunda 5 ana 14 alt kriter belirlenmistir. Kriter belirlemede Krausmann vd.
(2019), Krausmann vd. (Elisabeth Krausmann 2010), Girgin (Girgin 2011), Wang vd. (Wang, Cai, and Wei 2022) ve
Krausmann vd. (2011) g¢aligmalarindan yararlanilmigtir. Bu kriterlerin birbirini etkiledigi de diisiiniilerek kriter
agirliklarmin bulunmasi i¢in ANP yontemi tercih edilmistir.

5.2. Problem Kiriterlerinin Belirlenmesi

Problem c¢oziimiinde kullanilacak kriterler literatiir taramasi sonucunda belirlenmistir. Belirlenen kriter agiklamalari
ve Natech olay1 olarak endiistriyel kaza olmasi durumunda veri alinacak birimlerin bilgisi Tablo 1°de verilmistir.
Birinci siitunda ana Kriterler yer almaktadir. ikinci siitunda alt kriter agiklamalarma ve kisaltmalarina yer verilmistir.
Ugiincii siitunda ise analizlerin yapilabilmesi i¢in gerekli verilerin nasil veya nereden elde edilebilecegi bilgisi yer
almaktadir.

Tablo 1. Kriter A¢iklamalari

Ana . .
e Alt Kriterler Veri Toplama
Risk farkindahigi (RF): Tesislerin olusabilecek dogal afetlere kars1 .
- ... . [y . Isletme Calisanlari
savunmasizligini fark etmeleri icin daha ¢ok egitim ve bilin¢lendirme
/Anket vb.
calismalarinin yapilmasi
A. Egitim
Natech risk egitimi (NaRE): Natech risklerine hazirlik ve risklerin . ce e e
e ger e gl . Isyeri ilgili egitim birimi
azaltilmasina yonelik egitimli birimlerin olmast
Bolgedeki dogal tehlikeler (BMDT): Bolgede olusmasi muhtemel AFAD
dogal tehlikeler, siddetleri ve etkileri
Arazi kullanim planlamasi (AKP): En uygun arazi kullanim )
alternatiflerinin belirlenmesi ve uygulamaya gecirilmesi igin Isyeri ilgili birimi
B. Bolgesel alternatiflerin fiziksel, sosyal ve ekonomik olarak degerlendirilmesi
Bilgiler i : iski ici i .
g Tahliye plan1 (TP): Natech riski bulunan alanlar i¢in tahliye planlarinin isyeri ilgili birimi
bulunmasi
Acil yardim kaynaklar1 (AYK): ilk seferde seferber edilebilecek acil
yardim malzemeleri, acil yardim ekipmani ve acil kurtarma ekibi ile Isyeri ilgili birimi
cevre illerden saglanabilecek acil durum kaynaklarinin var olmasi
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Tablo 1 Devam. Kriter A¢iklamalari

Krﬁgi‘ler Alt Kriterler Veri Toplama
Ekipman giivenligi (EG): Endiistriyel tesislerde kullanilan Isyerinde ekipmanlara ait
ekipmanlarin dig tehlikelere karsi giivenlik agiklarinin olmamasi ekipman kontrol raporu

C. Erken uyari sistemi (EUS): Bir kazay1 dnlemeye veya hafifletmeye

Ekipman | yonelik eylemleri uygulamak i¢in zaman saglayan erken uyari sisteminin Isyeri yetkilisi
bulunmasi
Sondiirme Ekipmanlari (SS): Yangin tehlikesine karst yangin
sondiirme tiipii, yangin hidranti, yangin topu, sulu séndiirme sistemleri Isyeri yetkilisi
(sprinkler) vb. ekipmanlarin bulunmasi
Risk azaltim i¢in yasal diizenlemeler (RATYD): Natech riskini
dikkate' alan mevzuatin bulunmasi ve Nategh risk.yénetvimine il.iskin' Yonetmelikler, AFAD.
rehberlik ¢aligmalarimin olmasi, dogru analiz ve risk degerlendirmesi iRAP. TAMP

D. Mevcut | igin, endustride ve topluluk diizeyinde risk degerlendirmesi i¢in ’

Veriler | yo6nergelerin bulunmasi
Kaza verilerinin mevcut olmas1 (KVMO): Gegmiste gergeklesen
Natech olaylariin, dogal afetleri ve endiistriyel kazalarin verilerinin Isyeri ilgili birimi
toplanmast
Natech risk degerlendirmesi (NaRD): Natech risklerinin isveri ileili birimi
degerlendirildigi nitel veya nicel bir risk degerlendirmesinin bulunmasi syert gt birimt
Natech risk haritalar1 (NaRH): Natech risklerinin olaylara 6zgi

. otomatik olusturulan senaryolar ile hizl1 ve kolay bir sekilde Isyeri ilgili birimi

E. Risk degerlendirilmesiyle elde edilen risk haritalarinin bulunmasi
Risk iletisim ag1 (RiA): Natech risklerine iliskin bilgilerin birimler
arasinda serbestce ve etkin bir sekilde akmasini saglamak icin endiistride | Isyeri boliimleri, komsu
ve hiikiimetin tiim diizeylerinde (ulusal, bolgesel ve yerel) iletisim igyerleri
gelistirilmesi

5.3. Kriterlerin ANP Yontemi ile Agirhklandirilmasi ve Sonuglarin Degerlendirilmesi

Natech risklerinin hafifletilebilmesi i¢in elde edilen kriterlerin agirliklarinin elde edilmesi igin ANP yontemi
kullanilmistir. Yontem kullanilirken uzman goriisleriyle 5 ana kriter ve 14 alt kriterin birbiriyle olan iligkisini ortaya
koyan bir ag yapist olusturulmustur. Degerlendirmeyi yapan uzmanlara ait bilgiler Tablo 2’de verilmistir.

Tablo 2. Uzman bilgisi

Uzman | Pozisyon Meslek Deneyim (Y1l)
1 Profesor Miihendis-Akademisyen 27
2 Yonetici Mihendis 15
3 Uzman Miihendis 12
4 Uzman | Mihendis - AFAD Gonullusu 8

Ag yapisi olusturulurken ve problem sonucu elde edilirken “Super Decisions” programindan yararlanilmistir. Program
araciligtyla olusturulan ag yapisinin goriintiisii Sekil 2'de verilmistir.
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Sekil 2. Problem Ag Yapisi

Problem ag yapisinin olusturulmasinin ardindan yapilan ANP hesaplamalar1 sonucunda elde edilen kriter agirliklari
Tablo 3 ‘de verilmigtir. Tablonun ilk siitununda ana kriterler yer almakta olup parantez i¢erisinde ana kriterlerin toplam
kriterler icerisindeki agirliklart verilmistir. Tkinci siitunda alt kriterler yer almaktadir. Ugiincii siitunda alt kriterlerin
dahil oldugu ana kriter icerisindeki agirliklar1 verilmistir. Her bir alt kriterin dahil oldugu ana kriter igerisindeki
agirhigim gostermektedir. Ornegin “EG” alt kriteri “Ekipman” ana kriterinin 0,483’tini, “EUS” alt kriteri “Ekipman”
ana kriterinin 0,339’unu ve “SS” alt kriteri ise “Ekipman” ana kriterinin 0,178’ini olusturmaktadir. Son siitunda ise
genel alt kriter agirliklar1 verilmistir. Bir alt kriterin 14 alt kriter igerisindeki agirligin1 vermektedir. Ornegin “BMDT”
alt kriterinin 14 alt kriter igerisindeki agirlig1 0,121 dir.

Tablo 3. Ana ve Alt Kriter Agirliklar

Ana Alt Alt Kriterlerin Dahil Genel Alt
Kriterler | Kriterler Oldugu Ana Kriter Kriter
Icerisindeki Agirhg Agirhiklar

A. Egitim RF 0,450 0,082
(0,182) NaRE 0,550 0,100
BMDT 0,503 0,121
B. Bolgesel AKP 0,191 0,046

Veriler
(0,241) TP 0,228 0,055
AYK 0,078 0,019
EG 0,483 0,096

C. Ekipman

(0,199) EUS 0,339 0,067
SS 0,178 0,035
D. Mevcut RAIYD 0,851 0,116

Veriler
(0,137) KVMO 0,149 0,020
NaRD 0,421 0,102

E. Risk
(0,241) NaBH 0,420 0,101
RIA 0,159 0,038

Tablo 3’te verilen degerlere gore ana kriter olarak bakildiginda Bolgesel Veriler = Risk> Ekipman> Egitim> Mevcut
Veriler olarak elde edilmistir. Natech risklerinin hafifletilebilmesi i¢in bdlgesel verilerin bilinmesi ve risklerin
belirlenmesi olduk¢a 6nemli bir noktadir. Bu durumda iki ana kriterin ilk sirada yer almas1 gergek hayat ile uyumlu
sonu¢ olusturmustur. Ayni sekilde Mevcut Veriler kriteri risk hafifletilmesinde bilinmesi gerekse de direk alinan ve
miidahale edilmesi zor olan kriterler olmasi sebebiyle son sirada yer almasi beklenen bir sonug olmustur.

Alt kriter agirliklarina bakildiginda ise hem alt kriterlerin dahil oldugu ana kriter altindaki hem de genel alt kriter
agirliklar elde edilmistir. Egitim ana kriteri altinda bulunan RF ve NaRE kriterler birbirine yakin sonuglar ortaya ¢iksa
da NaRE> RF sonucuna ulasilmistir. Bolgesel veriler igerisinden BMDT yaklasik 0,503 gibi bir oranla ilk sirada yer
almistir. Bolgede mevcut olarak bulunan tehlikeler Natech riskinin hafifletilmesi i¢in bilinmesi gereken bilgi kaynagini
ifade etmektedir. Bu noktada BMDT alt kriterinin hem bulundugu ana kriter igerisinde hem de tiim alt kriterler
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icerisinde ilk sirada yer almasi problemin kaynaginda ¢aligma baglatilmasi adina dogru bir sonu¢ olmustur. AYK ise
hem bulundugu ana kriter igerisinde hem de genel alt kriterler igerisinde son sirada yer almaktadir. Bunun sebebi acil
yardim kaynaklarinin belirlenen diger kriterler igerisinde dnem olarak dogrudan degil dolayl sayilabilecek bir etkisinin
olmasidir. Ekipman ana kriteri igerisindeki siralama EG> EUS> SS seklinde olmustur. Ekipman giivenligi ve erken
uyar1 sisteminin kullanim alaninin sdndiirme sistemlerinden fazla olmas1 sebebiyle agirliklar: daha yiiksek ¢ikmustir.
Mevcut veriler ana kriteri igerisinde RATYD 0,851 oraniyla ilk sirada yer almaktadir. Risk azaltimi igin yasal
diizenlemeler Natech risklerini hafifletmede 6nemli bir yere sahiptir. Bu énem RAIYD alt kriterini genel alt kriter
agirliklart igerisinde de ikinci siraya tasimistir. Son ana kriter igerisinde NaRD ve NaRH birbiriyle neredeyse ayni
degerleri almuglardir. Risk degerlendirmesinin yapilip risk haritalarinin olusturulmasi Natech risk hafifletme
calismalarinin yiiriitimii i¢in 6nemli bir asamadir. Bu iki kriter ayn1 zamanda genel alt kriter agirliklari icerisinde de
strasiyla 3. ve 4. olmustur.

6. Sonug

Afetler cogu zaman beklenmedik zamanlarda meydana gelir. Afet sonucunda beklenen ve beklenmeyen sonuclar
ortaya cikabilir. Genel olarak goz ardi edilen ya da {izerinde diisiiniilmeyen noktalardan bir tanesi de afetler sonrasi
olusabilecek teknolojik kazalardir. Afetler sebebiyle olusan bu teknolojik kazalar Natech kazalari olarak ifade
edilmektedir.

Natech kazalar1 son dénemlerde 6nemi fark edilen ve dikkate alinmaya baslayan konulardan birisi olmustur. Bu
kazalardan kaynaklanan zararlar1 azaltmak hatta engellemek icin tipki afetlerde oldugu gibi risk analizi ve zarar
azaltma caligmalari yapilmalidir. Bu sayede ortaya ¢ikacak zararlarin etkisini azaltma hedefleri yerine
getirilebilecektir.

Bu ¢alisma kapsaminda Natech risk kriterleri ele alinmis ve CKKV yontemiyle agirliklandirilmistir. Risk kriterleri
literatiir taramasi sonucunda 5 ana kriter 14 alt kriter olarak belirlenmistir. Ana kriterler arasinda Bolgesel veriler ve
Risk kriterleri esit oranla ilk sirada yer almigtir. Risk azaltma stratejileri belirlenirken bolgesel veriler ve risk kriterleri
oncelikli tutulmalidir. Alt kriter arasinda ise BMDT kriteri ilk sirada yer almistir. Bolgedeki mevcut dogal tehlikelerin
belirlenmesi risk kaynaklarinin belirlenmesinin temelini olugturmaktadir. Natech risk azaltimi igin gergeklestirilecek
caligmalarda &ncelikli olarak bdlge incelenmeli ve mevcut dogal tehlikelerin analizi yapilmaldir. ikinci sirada ise
RAIYD alt kriteri yer almaktadir. Tehlike kaynaklarinin belirlenmesinin ardindan risk azaltimi igin yasal diizenlemeler
yapilmalidir. Bu sekilde alinacak 6nlemler yasal yonden de desteklenmis olacaktir. AYK kriteri ise alt kriterlerin birbiri
arasinda elde edilen agirliga gore son sirada yer almaktadir. Acil yardim kaynaklari riskler, kaynaklar, 6nlemler ve
yontemler belirlendikten sonra son agsamada gerekli olan ekipmanlarin belirlenmesini temsil etmektedir. Bu noktada
bu kriterin son sirada yer almasi da makul bir sonu¢ olmustur. Elde edilen sonuglarin ger¢ek hayat diizenine uygun
sonuglar oldugu gozlemlenmistir. Sonuglar icerisinde yer alan kriterler elde edilen agirliklarina gére ana kriterlerin
siralamasina gore veya alt Kriterler siralamasina gére degerlendirilerek iki tiir ¢aligma sistemi olusturulabilir. Bu
calisma Natech risklerini azaltabilmek i¢in yapilacak ¢aligmalar igin bir yol haritas1 olusturacaktir.

Gelecekte elde alinan kriterler artirilabilir, Natech kazalariyla ilgili risk degerlendirme ¢aligmalari yapilabilir. Dilsel
ve Oznel ifadelerin dikkate alindig1 bulanik yaklasimlardan yararlanilarak ¢éziimler yapilabilir. Mevcut bulunan risk
degerlendirmeleri ve risk yoOnetim stratejileri arasindan alternatif segimleri yapilabilir. Natech kazalariyla ilgili
calismalar detaylandirilarak literatiire katkilar saglanabilir.

Etik Beyam
Bu makalenin yazarlari, bu ¢alismada kullanilan materyal ve yontemlerin etik kurul izni ve / veya yasal-6zel izin
gerektirmedigini beyan etmektedir.

Yazar katkisi

Yazar 1 bilimsel yayin arastirmasi, problem tanimi, yontemin uygulanmasi ve ¢oziimii, rapor yazimi, Yazar 2 makale
siralamasinin olugsumu, rapor yazimi kontrolii, Yazar 3 genel makale incelemesi ve siire¢ yonetimi, Yazar 4 ¢aligma
planinin olugturulmasi ve siire¢ yonetimi konusunda katki saglamistir.

Cikar Catismasi
Yazarlar ¢gikar ¢atigmasi olmadigini beyan etmektedir.

Tesekkiir
Bu galisma YOK 100/2000 projesi kapsaminda yazilmistir.

Benzerlik orani: %4
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Ozet

Dogal afetler tarih boyunca insan yasaminda onemli bir yer tutmustur. Bu afetlerin genis kitleleri etkileyen en
onemlilerinden birisi kurakliktir. Tiirkiye’nin de igerisinde yer aldig1 Akdeniz Havzasi, iklim degisikligine en hassas
bolgelerden birisidir. Tlrkiye’de sicaklik artisi ve diizensiz yagis degisiklikleri ile birlikte, yagsanmasi muhtemel
kurakliklarm siddet, siire ve sikligmin artacagir ve kurakligin etkilerinin gelecekte daha da fazla hissedilecegi
ongorulmektedir. Karasal iklim 6zelliklerinin hakim oldugu I¢ Anadolu Bélgesi, kurakliktan en fazla etkilenen
bélgelerden birisidir. Bu ¢alismada, i¢ Anadolu Bélgesi’nin meteorolojik degiskenlere (yagus, sicaklik) bagh olarak
kuraklik olaylarmin 6zellikleri (siddet-slire-yogunluk), yillik ve mevsimsel degisimleri, kuraklasma egilimi ve iklim
degisikliginin kurak kosullar {izerindeki etkileri standartlastirilmis yagis evapotranspirasyon indeksi ve
standartlastirilmis yagis indeksi yontemleriyle degerlendirilmistir. Bolgeyi temsil eden uzun siireli aylik toplam yagis
ve aylik ortalama sicaklik dl¢limlerine sahip 26 meteoroloji gbzlem istasyon verisi ile Meteoroloji Genel Miidiirligii
biinyesinde Uretilen 20 km ¢6zunirlikli HadGEM2-ES bolgesel iklim projeksiyon verileri kullanilmistir. Sonug
olarak, Turkiye geneli ortalama sicakliklar goz 6niine alinarak incelendiginde, 1994 yilindan itibaren bir artig trendine
girmis ve bu artig trendi 6zellikle 2005°lerden itibaren belirginlesmistir. Bolgede yasanmig kuraklik olaylari tizerinde
yagis aciklarinin neden oldugu kurakliklar1 géz ardi etmeden, sicakliga bagh etkileri degerlendirmek amaciyla mevcut
donem olan 1969-2021 dénemi, 3 ve 12 aylik 6lgeklerde, iki donem halinde (1969-1994 / 1995-2021) ayni yontemlerle
ele alinmistir. Projeksiyon verileri de aym sekilde iki donem hélinde (2022-2060 / 2061-2098) ele alinarak iklim
degisikliginin, yasanmas1 muhtemel kurakliklar tizerindeki etkileri incelenmistir. Bdlgenin yillik toplam yagis, yillik
toplam potansiyel evapotranspirasyon ve yillik ortalama sicaklik dizilerindeki egilimleri de Mann-Kendall sira
korelasyon katsayis1 yontemine gore test edilmistir.

Anahtar Kelimeler: Kuraklik, i¢ Anadolu Bélgesi, Iklim Degisikliginin Kurakliga Etkisi, SPI ve SPEI
yontemleri

Investigation of the Effect of Global Warming on Drought Conditions in
the Central Anatolia Region

Abstract

Natural disasters have held an important place in human life throughout history. One of the most important of these
disasters affecting large masses is drought. The Mediterranean Basin, in which Turkey is located, is one of the most
sensitive regions to climate change. It is predicted that the severity, duration and frequency of droughts that are likely
to be experienced together with temperature increase and irregular precipitation changes in Turkey will increase and
the effects of drought will be felt even more in the future. The Central Anatolia Region, where continental climate
characteristics prevail, is one of the regions most affected by drought. In this study, the characteristics of drought events
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(intensity-duration-intensity), annual and seasonal changes, the effects of global warming on arid conditions and the
drought tendency of the Central Anatolia Region due to meteorological variables (precipitation, temperature) are
evaluated by the standardised precipitation-evapotranspiration index and the standardized precipitation index methods.
The data of 26 meteorological observation stations with long-term monthly total precipitation and monthly average
temperature measurements representing the region and 20 km resolution HadGEM2-ES regional climate projection
data produced within the Turkish State Meteorological Service are used. As a result, considering the average
temperatures in Turkey, it has entered an increasing trend since 1994 and this increasing trend has become evident
especially since 2005. In order to evaluate the temperature-related effects on the drought events experienced in the
region, without ignoring the droughts caused by the precipitation deficits, the current period of 1969-2021, has been
discussed in two periods (1969-1994 / 1995-2021) on 3- and 12-month scales with same methods. Projection data are
also handled in two periods (2022-2060 / 2061-2098) and the effects of global warming on possible droughts are
examined. The trends of the region in the series of annual total precipitation, annual total potential evapotranspiration
and annual average temperature are also tested according to the Mann-Kendall rank correlation coefficient method.

Keywords: Drought, Central Anatolia Region, Effect of Climate Change on Drought, SPI1 and SPEI methods

1. Giris

Kuraklik, iklimin dogal ve yinelenen bir 6zelligidir ve hemen hemen tiim iklim rejimlerinde meydana gelmektedir.
Kuraklik olayi, 6zellikle dogal ekosistemler, su kaynaklari, tarim tiretimi ve toplum iizerinde ciddi etkilere sahiptir
(Burton vd., 1978; Wilhite ve Glantz 1985; Wilhite 1993). Kuraklik sebebiyle, yiizey suyu akiginda azalma, yer alt1
suyu seviyelerinin diismesi, agik s1g ylizey kuyularinin kurumasi, artan su/toprak tuzlulugu, ilerleyen dénemlerinde
collesme, tarimsal iiretimde azalma, artan toz firtinasi olaylar1 ve buna bagli solunum yolu enfeksiyonlarinda artig ve
nihayetinde pek ¢ok sosyo-ekonomik sorunlar meydana gelebilmektedir (Ozguler ve Yildiz, 2020). Kuraklik, 6zellikle
Tiirkiye gibi gelismekte olan iilkelerde siirdiiriilebilir kalkinmanin 6niindeki en biiyiik tehditlerden biridir. Su ve gida
talebine olan artig ve iklim degisikligi gibi nedenler son yillarda kiiresel kuraklik senaryolarini ¢ok fazla giindeme
getirmektedir.

Kuraklik ve iklim degisikliginin kuraklik (izerine etkilerinin tespiti amaciyla gesitli ¢alismalar yiiriitiilmiistiir. Baykal
vd. (2023) galismasinda, standart yagis indeksi ve uzun-kisa siireli bellek ag1 yontemlerini kullanarak 1929-2021 yillari
igin ve gelecek 10 yil i¢in kuraklik degerlerini hesaplamistir. Sonugta bolgede, kuraklik egilimi ile birlikte gelecek 10
yillik verilerin egilim analizinin RCP4.5 yagis projeksiyonlari ile benzerliklerini incelemistir. Ayva vd. (2023)
calismasinda, Kirazdere havzasi ve ¢evresinde iklim degisikliginin giiniimiizdeki etkisi ve gelecekteki olasi etkilerini,
HadGEM2-ES ve MPI-ESM-MR iklim modelleri senaryolart ve standartlastirilmis yagis indeksi yontemiyle
belirlemeye ¢alismigtir. Sonugta, iklim projeksiyonlarina bagh olarak standartlastirilmis yagis indeksi metoduyla elde
edilen kuraklik analizi sonuglarina gore, havzada gelecekte de kisa ve uzun donemli kurakliklar yasanacagi, 2050
yilindan sonra daha da siddetlenecegini 6ngdrmiistir. Camalan ve Cetin (2022) Tirkiye’de 1971-2015 dénemi
yasanmis kuraklik olaylarinin analizini ve 2016-2098 donemi yasanmasi muhtemel kuraklik olaylarinin egilimini
RCP4.5 senaryosunda HadGEM2-ES, MPI-ESM-MR ve GFDL-ESM2M bdlgesel iklim model verileri ile i¢ dénem
halinde standartlastirilmig yagis-evapotranspirasyon yontemiyle incelemistir. Sonugta her ti¢ b6lgesel iklim modelinde
SPEI-12 aylik olgekte Tiirkiye genelinde kuraklik smiflarinin daha kurak bir st smifa dogru kayma egilimi
gosterecegini ve gelecekte uzun siiren giiclii kurakliklar ile kisa siiren siddetli kurakliklarin etkili olabilecegini
ongormiistir. HAdGEM2-ES (RCP4.5) bolgesel iklim modelinin periyot boyunca sicaklikta beklenen artisin diger iki
modele gore daha fazla olmasi yasanmasi muhtemel uzun siiren gii¢lii kurakliklarin daha siddetli oldugunu, Tiirkiye’de
gelecekte kurakligin etkilerinin daha fazla hissedilebilecegini gostermistir. Tugrul ve Himis (2022) g¢alismasinda,
Konya Apa Baraji bolgesinde normallestirilmis yagis indisi yontemi kullanilarak kuraklik analizi yapmustir.
Calismada, 1955-2020 y1li arasindaki aylik toplam yagis verisinden faydalanilarak SPI’in 1, 3, 6, 9, 12, 24 aylik zaman
adimlar1 ayr1 ayr1 incelenmis olup, bolgede sirasiyla 85, 41, 34, 26, 13, 7 adet kuraklik tespit edilmistir.

Cetin ve Kumanlioglu (2023) ¢alismasinda, Gediz havzasinda yer alan Medar alt havzasinin meteorolojik ve hidrolojik
kurakliklar1 standardize yagis indisi, standardize yagis evapotranspirasyonu indisi ve standardize akim indisi
yontemleri kullanarak aragtirmistir. Sonugta, meteorolojik veriler ile beraber Medar cay1 lizerinde Medar Kopriisiinde
gozlemlenen akim degerleri kullanarak 1971-2015 yillar1 arasinda aylik, 3 aylik, 6 aylik ve 12 aylik zaman
dilimlerinden meydana gelen meteorolojik ve hidrolojik kuraklar1 belirlemistir. Esit ve Yiice (2022) ¢alisgmasinda,
Kahramanmaras ilinin ¢ok degiskenli kuraklik frekans analizi ve risk degerlendirilmesini kopula fonksiyonlari
kullanarak yapmistir. Calisma sonucunda, en yiiksek sartli kuraklik siddeti doniis periyodunun Kahramanmaras
merkezinde, en diigiikk doniis periyodunun ise Elbistan ilgesinde oldugunu saptamistir. En yiiksek sartli kuraklik siiresi
dikkate alindiginda, Afsin ilgesinin en yiiksek doniis periyoduna sahip iken (en az riskli), Elbistan ilgesinin en kisa
doniis periyoduna sahip oldugunu (riskli) gézlemlemistir. Bakanogullar1 vd. (2022) ¢alismasinda, Kirklareli ilinde
1963-2019 yillar1 arasinda meteorolojik ve tarimsal kurakligin siklik ve siddetini iki indeks ile belirlemistir. Sonucta,

36



Camalan et al. / Disaster Science and Engineering 9 (1)-2023

standardize yagis evapotranspirasyonu indisi sonuglarina gore, yillik tarimsal kuraklik sonuglarina goére on yil hafif
kurak, bes yil orta kurak, bir y1l siddetli kurak ve iki y1l agir1 kurak olarak tespit etmistir. Poyrazoglu ve Ariman (2022)
calismasinda, Akdeniz bolgesinde yer alan Kahramanmaras ilinde standardize yagis indeksi yontemi kullanarak 3, 6,
9 ve 12 aylik zaman dilimlerinde meteorolojik kuraklik analizi yapmistir. Sonug olarak, tiim zaman 6lgeklerine gore 4
meteoroloji istasyonu icin 6zellikle 2000 yili ve sonras1 kuraklik dénemlerinde artis bulmustur. Aktlrk vd. (2022)
calismasinda, yar1 kurak 6zelliklere sahip Kirtkkale ilinde kurakligin gelisimini ve 6zelliklerini incelemek amaciyla
standartlastirilmis yagis indisi ve standartlastirilmis yagis evapotranspirasyon indisi yontemleri kullanilarak kuraklik
analizi yapmistir. Sonugta, kuraklik olaylarinin toplami degerlendirildiginde, genel olarak zaman dlcegi arttikca
yasanan kuraklik olaylarinin sayisinda azalma goriildiigii, fakat kuraklik periyodu uzadik¢a hesaplanan indisler i¢in
ortama kuraklik siiresinde ve yasanan en uzun kuraklik siiresinde artig s6z konusu oldugunu tespit etmistir. Duvan vd.
(2021) ¢alismasinda, Sakarya havzasi i¢in gdzlemlenmis yagis verileri ile birlikte, HadGEM2-ES kiresel iklim
modelinin RCP 4.5 ve 8.5 senaryolar: ile elde edilen yagis projeksiyon verileri kullanarak, standart yagis indisi
yontemiyle kurakligin zamansal ve alansal 6zellikleri incelemistir. Sonugta, H)dGEM2-ES modelinin RCP 4.5 ve 8.5
verileri ile yapilan hesaplamalarda kuraklik siddeti degerlerinin gézlemlenmis yagis verileri ile hesaplanan kuraklik
siddeti degerlerinden daha diisiik oldugunu tespit etmistir. Turan (2018) ¢alismasinda, Tiirkiye'nin iklim degisikligine
bagl kuraklik durumunu degerlendirmistir. Calismada, iklim degisikligi projeksiyonlarinin sicakliklarda iilke
genelinde yiikselecegi ve yagislarin 6zellikle iilkenin giiney yarisinda azalacagini gosterdigini, bu degisimlerin
iilkemizin su kaynaklarini olumsuz yonde etkileyerek 6zellikle giineydeki havzalarda su potansiyelini azaltmasinin
kagmilmaz oldugu belirtilmistir.

Su planlamasi ve yonetimi bircok bolgede zorlu bir gorev ve gerekliliktir. Kurakligin izlenmesi ve analizi igin gesitli
yontemler bulunmakla birlikte, bu ¢alismada meteorolojik degiskenlere (yagis, sicaklik) bagli en yaygin olarak
kullanilan SPI ve SPEI indis yontemleri ile kuraklik olaylarmin 6zellikleri, yillik ve mevsimsel degisimleri, iklim
degisikliginin kurak kosullar {izerindeki etkileri ve kuraklasma egilimi incelenmistir. Meteorolojik kuraklikta
sicakligin roliinii degerlendirmek amactyla yasanmis kuraklik olaylarinin analizi bolge ve istasyonlar temelinde her iki
indis i¢in 3 ve 12 aylik zaman 6l¢eginde iki donem hélinde (1969-1994 / 1995-2021) incelenirken, yasanmasi
muhtemel kuraklagma egilimi iki donem hélinde (2022-2060 / 2061-2098) ele alinmistir. Kuraklik, yavas gelisen bir
olay olmas1 sebebiyle etkilerini sonradan yogun bir sekilde hissettirmektedir. iklim degisikliginin de etkisiyle birlikte
siklip1 ve siddeti giderek artmaktadir. Ozellikle yagis azhgina konu olan I¢ Anadolu Bélgesi, kuraklik olaylarmin siki
takibinin yapilmasi gereken yerlerden biridir. Bu calisma ile, kuraklik sorunlari agisindan basta gelen I¢ Anadolu
Bolgesinin gegmis donem kuraklik analizi ile birlikte gelecekte gergeklesmesi muhtemel kuraklik durumu ¢aligilmgtir.
Ayn1 zamanda meteorolojik kuraklikta sicakligin rolii ele almmustir. Bu calisma, I¢ Anadolu Bélgesi icin yapilacak
kuraklik eylem planlari agisindan 6nemli fikirler saglayacaktir.

2. Materyal ve Metot

2.1 Calisma Alam

Caligma alan1 I¢ Anadolu Bélgesini kapsamaktadir. Bolgenin yiiz6lgimi 151000 km2'dir. Tiirkiye’nin ikinci buyiik
bolgesidir. Bolge; Konya, Yukari Sakarya, Orta Kizilirmak ve Yukari Kizilirmak bélimlerinden olugmaktadir (Sekil
1). Tlrkiye'nin en bilyiik ovasi Konya ovasi bu bolgede yer almaktadir. Bélgede karasal iklim hakimdir. Yazlari sicak
ve kurak, kislar1 soguk ve kar yagislidir. Bolgenin ekonomisi tarim ve hayvanciliga dayanmaktadir.
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2.2 Cahsmada Kullamlan Veri Setleri

Calismada, i¢ Anadolu Bélgesini temsil eden 26 meteoroloji gdzlem istasyon verisi ile Meteoroloji Genel Miidiirliigii
binyesinde Uretilen 20 km ¢dzunurlikli HadGEM2-ES (the Hadley Centre Global Environment Model version 2)
RCP4.5 senaryosunun bolgesel iklim projeksiyon verisi (2022-2098) kullanilmistir. HadGEM2-ES kiiresel iklim
modeli, Ingiltere Meteoroloji Servisi’nin arastirma kurulusu olan Hadley Merkezi tarafindan gelistirilmistir.
HadGEM2 serisi birlestirilmis atmosfer-okyanus yapilandirmasi ile icerisinde dinamik vejetasyon, okyanus biyolojisi,
atmosfer kimyasinin bulundugu bir kara-sistem yapilandirmasini igeren ikinci nesil bir modeldir. Tiirkiye i¢in bdlgesel
iklim projeksiyon verileri RegCM4 dinamik 6l¢ek kiiciiltme yontemi kullanilarak tiretilmistir. Veriler {retilirken
istasyonlarin 1971-2000 referans donem normalleri kullanilmistir (MGM, 2015). Bu veriler kullanilarak istasyonlar ve
bolge bazinda 3 ve 12 aylik 6lgekte SPI ve SPEI yontemleriyle kuraklik olaylarinm ozellikleri (siddet-sure-yogunluk)
ile bolge bazinda y1llik ve mevsimsel degisimleri ele alinarak iklim degisikliginin kurak kosullar iizerindeki etkileri ve
kuraklagma egilimi incelenmistir. Kullanilan istasyonlarin alansal agirlik ortalamalar1 alinarak bolge zaman serisi
olusturulmus ve indis hesaplamalar1 yapilmistir. Tiirkiye ortalama sicakliklarda 1994 yilindan itibaren artig egilimine
girmis ve bu artis egilimi 2005’lerden itibaren belirginlesmistir (Camalan vd., 2019a-b). Sicaklik artisinin i¢ Anadolu
bolgesi iklimi ve kurak kosullar tizerindeki etkisini degerlendirmek amaciyla 1969-2021 mevcut dénem her iki indis
i¢in 3 ve 12 aylik zaman 6lgeklerinde iki donem hélinde (1969-1994 / 1995-2021) incelenmistir. Projeksiyon verileri
2022-2060 / 2061-2098 olmak (lizere iki dénem halinde calisilmistir. Bu ¢aligma ile yillik ortalama sicaklik, yillik
toplam yagis ve yillik toplam PET degerleri hesaplanmis ve Mann-Kendall yontemi ile bunlarin egilimleri tespit
edilmigtir.

2.3 Kuraklik Siire ve Siddet Hesabi

Kuraklik olayi, SPI ve SPEI indis degerlerinin sifir degerinin altina diistiigiinde tanimlanir. Kuraklik siiresi (D), indis
degerlerinin ardigik sifirm altinda kaldig1 ve pozitif oldugu zaman sona erdigi donem uzunlugudur. Kuraklik siddeti
(Severity-S), belirlenen zaman peryodunda (bu ¢alismada 3 ve 12 ay) SPEI ve SPI indis degerlerinin ardigik olarak
sifirin altinda kalan toplam en biiyiik kiimiilatif degeri ifade eder (Denklem 1). Kuraklik ortalama siddeti-yogunluk
(Intensity-I) ise kurakligin toplam siddetinin siiresine oranidir (Denklem 2).

S =—XSPEL; L)

1=5S/D 2

Yogunluk (I), kisa siireli siddetli kurakliklarin biiytikligiind, siddet (S) ise daha uzun siirede yavas gelisen giicli
kuraklig1 ifade etmektedir. Yogunluk ve siddet kuraklik analizinde farkli sektorleri ilgilendiren 6nemli parametrelerdir.
Uzun siireli yavas gelisen siddetli kurakliklar hidrolojik dongiiyii etkilerken (Van Loon, 2015), kisa siireli siddetli
kurakliklar toprak nemini etkilemektedir (Hayes vd., 1999). Her ne kadar kuraklik sonucunda ortaya ¢ikan sorunlar
benzer olsa da, uzun siireli kurakliklar sonucu ortaya ¢ikan sorunlar ve zararlar daha biiyiik olabilmektedir.

38



Camalan et al. / Disaster Science and Engineering 9 (1)-2023

2.4 Standartlastirilmis Yagis Evapotranspirasyon indeksi (SPEI)

SPEI yagis ve potansiyel evapotranspirasyon (PET) arasindaki fark verisini kullanmakta ve kurak donemlerin
analizinde 6nerilmektedir (Vicente-Serrano vd., 2010). Potansiyel Evapotranspirasyon (PET) Thorntwaite metodu ile
hesaplanmaktadir (Thorntwaite, 1948).

Herhangi bir aya PET ve yagis arasindaki fark verisi Di degeri su fazlasi veya su noksani miktarint vermektedir
(Denklem 3):

D; = P;- PET, ®)

Di olasiliklar i¢in ters-standart normal dagilim fonksiyonu kullanilarak standartlastirilmis Dj dizisi, yani SPEI degerleri
elde edilir (Denklem 4).
Co + Cyw + Cyw?
SPEl = w —
1+ d;w+d,w? + dgw?

Burada; w = /=2 In(P) » P < 0,5i¢in

P degeri belirlenmis bir D degerinin agilma olasiligini ifade eder.
C0=2,515517; C1=0,802853; C2=0,010328; d1=1,432788; d2=0,189269; d3=0,01308

SPEI’nin ortalamasi 0; standart sapmasi 1’dir. SPEI normallestirilmis degisken olmasi sebebiyle, alan zaman 6lgeginde
diger SPEI degerleri ile iliskilidir. SPEI, kuraklig1 siddet-yogunluk-suresine gore dlgebilmektedir. Kurak donemlerin
basladig1 ve bittigi siireyi belirlemekle birlikte, genis bir iklim cografyasinda hesaplama yapilabilmektedir. Bu yolla,
zaman ve mekéna bagli olarak kurakligin karsilagtirmasini miimkiin kilmaktadir (URL 2; URL 3).

(4)

2.5 Standartlastirilmis Yagis indeksi (SPI)

SPI, kurakligin gézlemlenmesi amaciyla yagis olasiligina dayanan bir yontemdir. SPI’nin negatif degerleri kuraklik
kosullarinin mevcut oldugunu gosterirken, pozitif degerleri ise nemliligi gostermektedir. SPI, denklem 5 ile
hesaplanmaktadir.

SPI = (Xj — Xort) /O ®)

Burada, Xi: 6l¢iilen yagis1, Xor: yagis ortalamasini, o: ise standart sapmayi ifade eder (Oguz vd., 2021). SPEI ve SPI
kuraklik siniflarina ait deger araliklar1 Tablo1’de gosterilmektedir.

Tablo 1 SPEI ve SPI Kuraklik Sinif Deger Araliklar

iNDiSS]F;IESGF;EERILERi SINIFLANDIRMA | CLASSIFICATION
2,00 ve Uzeri Asir1 nemli Extremely wet
1,50-1.99 Cok nemli Very wet
1,00-1,49 Orta nemli Moderately wet
0,99-0 Hafif nemli Lightly wet

Normal - -
0- (-0,99) Hafif kurak Lightly dry
(-1,00) - (1,49) Orta kurak Moderately dry
(-1,50) - (1,99) Siddetli kurak Severely dry
(-2,00) ve alt Asir1 kurak Extremely dry

2.6 Mann-Kendal Sira Korelasyon Katsayis1 Yontemi

Mann-Kendall sira korelasyon katsayist yontemi, parametrik olmayan bir test olup verilerin egilimini belirlemek
amactyla yaygim olarak kullanilan bir yontemdir (Mann, 1945; Kendall, 1975). Bir zaman serisinin monoton bir
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yiikselis veya diisiis trendine sahip olup olmadigini belirlemek i¢in kullanilir. Verilerin normal dagilmis veya dogrusal
olmasini gerektirmez. Verilerin otokorelasyon olmamasini gerektirir. Bu test igin sifir hipotezi, trend olmadigidir ve
alternatif hipotez, iki tarafli testte bir trend oldugu veya tek tarafli testte bir artis (veya diisiis) trendi oldugu seklindedir.
X1, .., Xn zaman serileri i¢in MK Testi asagidaki istatistigi kullanir (Denklem 6):

S = Y MLy sign (%) — x;) (6)

S > 0 ise, zaman serisindeki daha sonraki gdzlemlerin, zaman serisinde daha 6nce gériinenlerden daha buyiik olma
egiliminde oldugunu, S <0 ise bunun tersinin dogru oldugunu varsayar.

S'nin varyansi su sekilde verilir (Denklem 7):

var = — [n(n — 1)(2n + 5) — %efe (f — D(2F; + 5)] 7
burada t, bagl dereceler kiimesi tizerinde degisir ve ft, t mertebesinin goriinme sayisidir (yani frekans).

MK Testi agagidaki test istatistigini kullanir (Denklem 8):
S-1

1 s>
se

z={ 0, S=0 ®)
1 5«
se

burada se = var'in karekdkiinll ifade eder. Monoton bir egilim yoksa (sifir hipotezi), o zaman 10'dan fazla elemanl
zaman serileri igin z ~ N(0, 1), yani z standart bir normal dagilima sahiptir (URL 4).

3. Sonuclar ve Tartisma

¢ Anadolu Bélgesi yillik toplam yagis ortalamast (1969-2021) 427,4 mm’dir. Uzun yillar (1969-2021) sicaklik
ortalamas1 11,0 °C’dir. Calisilan istasyonlarn uzun yillar sicaklik ortalamasi ve yillik toplam yagis degerleri Tablo
2’de verilmistir. I¢ Anadolu Bélgesi yillik toplam yagislarinin %3 1’ini kis, %34’iinii ilkbahar, %21’ini sonbahar ve
%14’iinli yaz mevsiminde almaktadir. Bolgede onemli bir yagis degisimi tespit edilmedigi, yillik ortalama
sicakliklarda 6nemli bir artig egilimi oldugu goriilmektedir. Bolge ortalama sicakliklarda 1994 yilindan itibaren artis
egilimine girmis ve bu artig egilimi 2005'lerden itibaren belirginlesmistir (%5 anlamlilik diizeyinde kritik z degeri +
1.96) (Sekil 2).

Tablo 2 istasyonlarin Uzun Yillar Ortalamalar

Istasyon no Istasyon ad1 Ortalama sicakhk (°C) Toplam yagis (mm)
17080 Cankiri 11,3 412,6
17090 Sivas 9,2 439,8
17130 Ankara 12,1 408,1
17135 Kirikkale 12,5 383,8
17140 Yozgat 9,3 586,4
17160 Kirsehir 11,6 382,3
17191 Cihanbeyli 115 322,6
17192 Aksaray 12,3 345,1
17193 Nevsehir 10,8 415,3
17196 Kayseri 10,5 397,3
17239 Aksehir 12,0 541,6
17244 Konya 11,7 329,6
17246 Karaman 12,1 332,7
17248 Eregli 11,8 302,2
17250 Nigde 11,2 333,2
17664 Kizilcahamam 9,9 569,6
17679 Nallithan 12,6 340,9
17680 Beypazari 13,2 395,8
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17716 Zara 8,6 503,0
17728 Polath 11,8 360,9
17756 Kaman 10,5 4529
17836 Develi 11,1 357,9
17840 Sariz 7,6 501,6
17898 Seydisehir 11,8 748,4
17906 Ulukisla 9,9 319,5
17928 Hadim 10,0 628,9

ic Anadolu B&lgesi Yillik Ortalama Sicakhik M-K Egilim Analizi
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Sekil 2. i¢ Anadolu Bélgesi Yillik Ortalama Sicaklik ve Yillik Toplam Yagis M-K Egilimleri

Bolgenin yaz yagiglarinda 6nemli olmasa da bir artig egilimi (1,15); kis (-0,17), ilkbahar (-1,78) ve sonbahar
yagislarinda (-0,05) ise énemli olmasa da bir azalis egilimi sz konusudur. Ozellikle yer alt1 ve yer iistii sularinin
varliginin devaminda bolgedeki kis ve bahar yagislarindaki degisimler oldukc¢a dnemlidir.

Bolgede calisilan istasyonlarin 1969-2021 doneminde yillik toplam yagis M-K egilim analiz sonuglarina bakildiginda;
Hadim, Sariz, Zara ve Aksehir istasyonlarinda 6nemli bir azalis goriiliirken, diger istasyonlarda 6nemli bir artig veya
azalig goriilmemektedir. Ortalama sicakliklarda, Nallthan istasyonu hari¢ tiim istasyonlarda onemli bir artig s6z
konusudur. Caligilan istasyonlarda yillik toplam PET degerlerinde 6nemli bir artis goriilmektedir (Tablo 3).
Thornthwaite klim Smiflandirmasina gére bdlgenin Seydisehir ve Hadim dolaylar1 nemli; Yozgat, Kizilcahamam,
Sariz ve Zara dolaylar1 yar1 nemli sinifa girmektedir. Cankiri, Sivas, Ankara, Nevsehir, Kayseri, Aksehir, Kaman ve
Develi civarlar yart kurak-az nemli sinifa; Kirsehir, Kirikkale, Cihanbeyli, Aksaray, Konya, Karaman, Eregli, Nigde,
Polatli, Ulukisla, Nallthan ve Beypazar1 dolaylari yar1 kurak sinifa girmektedir (MGM, 2016).

Tablo 3 Mann Kendall Egilim Analizleri ve Korelasyonlar
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Yillik Yillik Yillik
toplam ort. toplam SPEI-12 /| SPEI-3/
. ) yagis sicaklik PET P-PET SPI-12 SPI-3
Istasyon Istasyon (2) (2) (2) (2) Pearson's | Pearson's
No Adi degerleri | degerleri | degerleri | degerleri r r

17080 Cankir 1 4,34* 4,8* -0,51 0,91 0,92
17090 Sivas 0,38 4,31* 4,71* -0,86 0,83 0,90
17130 Ankara 0,32 5,69*% 5,74* -1,18 0,79 0,89
17135 Kirikkale 0,17 4,82* 5,38* -1,28 0,85 0,90
17140 Yozgat 0,21 5,37* 517* -1,08 0,90 0,93
17160 Kirsehir -0,25 4,16* 4,96* -1,29 0,84 0,88
17191 Cihanbeyli -0,11 5,6* 6,2* -1,6 0,81 0,87
17192 Aksaray 0,06 5,51* 6,24* -1,5 0,74 0,84
17193 Nevsehir 0,31 4,96* 517* -1,24 0,84 0,89
17196 Kayseri 1,64 5,66* 5,42* -0,7 0,83 0,90
17239 Aksehir (-2,45) * |4,3* 5,42* -1,95 0,93 0,94
17244 Konya 0,28 3,68* 4,45* -1,07 0,84 0,88
17246 Karaman -0,97 4,73* 5,45* -1,64 0,85 0,87
17248 Eregli 0,12 6,04* 7,09* -1,91 0,72 0,81
17250 Nigde 1,3 5,68* 6,2* -0,96 0,76 0,84
17664 Kizilcahamam | -0,46 4,1* 4,17* -0,95 0,93 0,94
17679 Nallihan 1,46 1,78 2,21* 0,39 0,92 0,89
17680 Beypazari -0,64 4 25* 5* -1,19 0,87 0,91
17716 Zara (-2,36) * |2,76* 2,59* -1,72 0,94 0,92
17728 Polatli 0,4 5,62* 5,91* -1,37 0,80 0,87
17756 Kaman -0,12 4,2*% 4,63* -1,28 0,90 0,91
17836 Develi -0,35 5,14* 5,46* -1,54 0,81 0,83
17840 Sariz (-3,19) * |4,36* 4,59* (-2,45)* 0,95 0,94
17898 Seydisehir 0,41 4,3* 4,88* -0,58 0,95 0,93
17906 Ulukigla 0,81 4,4* 4,45* -0,5 0,85 0,89
17928 Hadim (-2,16) * | 4,74* 5,02* -1,79 0,96 0,93
Ic Anadolu Bolgesi -0,35 4 ,85* 5,32* -1,34 0,81 0,88
%5 anlamlilik diizeyinde kritik z degeri + 1,96

Bolgenin klimatolojik olarak kullanilabilir su miktarinin zamana bagli degisimi (P-PET) -154 mm ile 123 mm arasinda
degisim gostermektedir. Negatif degerlerdeki 1srar ve siddetindeki artiglar dikkat ¢ekmektedir. Kullanilabilir su
miktarinda (P-PET) 6nemli olmasa da azalan yonde bir egilim vardir. Azalma egilimi 1990’larin basindan itibaren
baglamaktadir (Sekil 3).
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iC ANADOLU BOLGESI P-PET
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Sekil 3. i¢ Anadolu Bélgesi (P-PE) kullanilabilir su miktarinin zamana bagh degisimi ve M-K Egilimi

Bolge istasyonlarinin (P-PET) degerlerinde de hemen hemen ayni durum s6z konusudur. Nallihan ve Sariz istasyonlari
hari¢ diger istasyonlarda 6nemli olmamasina karsin azalan yonde zayif bir egilim egemendir. Nallihan istasyonunda
onemli olmayan bir artig, Sariz istasyonunda dnemli bir azalis s6z konusudur (Tablo 3). Yillar arast ve yil igindeki
diizensiz yagis degisiklikleri ile birlikte 1994 yilindan sonraki sicaklik artiginin PET {izerinde yaratmis oldugu etki
kurak kosullar iizerinde mevcut doénemin ikinci yarisinda (1995-2021) SPEI-3 ve SPEI-12 dlgeklerde agikga
goriilmektedir (Sekil 4-5).
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Frequency (%)

extremely Egggg[g[y imodsralelyji dry 3 ljlgdg[gtg[yi very 3 extremely
dry Pody ody Dowet | wet | wet
SPEI-3 SPI-3 sesses 5P3 # === SPEI-3
(1969-1994) © (1969-1994) (1995-2021) (1995-2021)

Sekil 4. i¢ Anadolu Bolgesi SPEI-3 ve SPI-3 aylik dlceklerde indis degisim grafikleri

Frequency (%)

: i i i | ;
extremely i severely : moderately ! dry . moderately | very | extremely

: dry ;oody o dy wet  wet wet
s SPEI-12 s SP|-12 sesss P12 #sses SPE-12
(1969-1994) © (1969-1994) (1995-2021) (1995-2021)

Sekil 5. i¢ Anadolu Bolgesi SPEI-12 ve SPI-12 aylik 6lceklerde indis degisim grafikleri

Bolgenin meveut donemin ilk yarisinda (1969-1994) 3 aylik 6lgekte; hafif kurak sinif dagilimi SPI’da %31, SPEI’da
%27dir. Orta kurak smif dagilimi SPTI’da %8, SPEI’da %8’dir. Siddetli kurak smif dagilimi SPI’da %4, SPEI’da
%3dir. Agir1 kurak simf dagilimi SPI’da %5 iken SPEI’da %1 dir. Ikinci yarisinda (1995-2021); hafif kurak simif
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dagilim1 SPI’da %30, SPEI’da %36’dir. Orta kurak sinif dagilimi SPI’da %10, SPEI’da %12 dir. Siddetli kurak sinif
dagilimi SPI’da %6, SPEI’da %8 dir. Asirt kurak sinif dagilimi SPI’da %1 iken SPEI’da %2’dir.

Bolgenin mevcut donemin ilk yarisinda 12 aylik 6lgekte; hafif kurak sinif dagilimi SPI°da %30, SPEI’da %23’dir. Orta
kurak simif dagilimi SPI’da %8, SPEI’da %7’ dir. Siddetli kurak sinif dagilimi SPI’da %7, SPEI’da %0’ dir. Asir1 kurak
simif dagilimi ise SPI’da %2 iken SPEI’da %0’ dhr. Ikinci yarisinda (1995-2021); hafif kurak sinif dagilimi SP1’da %33
iken SPEI’da %36°dir. Orta kurak sinif dagilimi1 SPI’da %6, SPEI’da %19°dir. Siddetli kurak siif dagilim: SPI’da
%5, SPEI’da %8’dir. Asir1 kurak sinif dagilimi SP1’da %5 iken SPEI’da %2’dir.

Bolge SPI-3 ve SPEI-3 serilerinde 0,88’lik korelasyon s6z konusu iken, PET kaynakli agiklarin biriktigi uzun zaman
olcekleri olan SPEI-12 ve SPI-12 serilerinde 0,81’lik bir korelasyon gériilmiistiir. istasyonlar temelinde SPEI-3/SPI-3
serileri arasinda 0,81/0,94 ve SPEI-12/SPI-12 serileri arasinda 0,72/0,96 araliginda degisen korelasyonlar goriilmistiir
(Tablo 3). Iki indis arasindaki yiiksek iliski yag1s eksikliginin kuraklikta ncii oldugunun acik bir gostergesidir.

3 aylik dlcekte; yagish ve kurak donemler arasindaki zamansal degisimler 12 aylik birikim 6l¢egine gore daha yiiksek
siklikta oldugundan, g¢alisilan donem boyunca belirgin kuru/islak donemleri tanimlamak zorlagmaktadir. Her iki
indis’de 3 ve 12 aylik dlgekte benzerlikler goriilmekle birlikte zamansal evrimlerinde bazi dikkate deger farkliliklar
bulunmaktadir (Sekil 6). Bu farkliliklar 6zellikle Nevsehir ve Urgiip istasyonlarinda Oguz vd. (2022) tarafindan yapilan
calismada ortaya konmustur. Nevsehir ve Urgiip istasyonlarinda 3 ve 12 aylik zaman &lgeginde SPEI ve SPI yéntemi
ile 1991-2021 donemi kuraklik analizi yapilmistir. Calismada elde edilen sonuglarda Nevsehir istasyonunda SPI-12
aylik olgekte yasanan en gliglii ve en uzun siiren kuraklik zamansal farklilikla beraber SPEI-12 kaydedilenden daha
yiksek ve uzundur. Yasanan ekstrem maksimum kuraklik siddeti SPEI-12 de 2001 yilmin Ekim ayinda -1,98
kaydedilirken SPI-12’de 2014 yilmin Nisan ayinda -2,45 olarak kaydedilmistir. Urglip istasyonunda SPI-12 aylhk
6lcekte yasanan en giiclii ve en uzun siiren kuraklik zamansal farklilikla beraber SPEI-12 kaydedilenden daha diisiik
ve kisadir. Bu istasyonda yasanan ekstrem maksimum kuraklik siddeti SPEI-12’de 2013 yilinin Aralik aymda -1,71
kaydedilirken SP1-12’de 2014 yilinin Mayis ayinda -2,25 olarak kaydedilmistir.

4 i¢ Anadolu Balgesi

;_
—
_‘:ﬁ—.
i:

I SP-12 ——SPEI-12

Sekil 6. ¢ Anadolu Bolgesi 3 ve 12 aylik 6lceklerde SPEI/SPI zamansal degisimleri
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Sekil 7. i¢ Anadolu Bolgesinin 12 aylik &lgekte kurak dénemleri

SPI-12 ve SPEI-12 6lgeginde bolgede kurak donemler aylik olarak Sekil 7°de renklendirilmistir. Bolgede 2 ay ve tizeri
stiren kurak devreler incelendiginde; SPI-12’de ana kuraklik dénemleri 1971, 1973-1974, 1984-1985, 1989-1990,
1993-1995, 2001, 2005, 2007, 2014, 2021 dir. SPEI-12de ana kuraklik dénemleri 1973-1974, 1989-1990, 1994-1995,
2001, 2005, 2007-2008, 2013-2014, 2016-2018; 2020-2021’dir. Her iki indisin tarihsel kuraklik afet olaylarin1 tespit
edebildigi gdzlemlenmistir (Tiirkes, M. 2012; Akbas, 2014; Camalan vd., 2019a; Oguz vd., 2022).

SPI yagis kithigindan kaynakli kuraklik olaylarini tespit ederken; SPEI yagis kithigindan ve/veya kuru ve sicak uzun
stireli hava kosullarindan kaynakli kuraklik olaylarini da tespit eder. 1973-1974 yillarinda yagis agiklarindan kaynakli
kurakliklar SPI-12’de daha yiiksek siddette tespit edilirken, 2007-2008, 2013-2014, 2016-2018 ve 2020-2021
yillarinda PET kaynakli uzun siireli ve siddetli kurakliklar SPEI-12’de daha yiiksek siddette tespit edilmistir.

Bolge degerlendirmesinde; SPI-12°de yasanan en uzun siiren giiclii kuraklik (-36,73) 1972/12 ayinda baglayip 28 ay
stirmiistiir. Bolgede 2001/1- 2001/11 aylar1 arasinda yasanan kisa siireli siddetli kurakliklarin biiytikliga (-1,92)
siddetli kurak’dir. SPEI-12’de yasanan en uzun siiren gii¢lii kuraklik (-55,33) 2004/2 ayinda baslayip 62 ay siirerken,
2019/10-2021/12 arasinda yasanan kisa siireli siddetli kurakliklarin biiyiikliigi (-1,36) orta kuraktir (Tablo 4).

Tablo 3 Mann Kendall Egilim Analizleri ve Korelasyonlar

1C ANADOLU BOLGESI 1969-2021 DONEMI SPEI-12 VE SPI-12 AYLIK OLCEKTE UZUN SUREN GUCLU KURAKLIKLARIN BASLAMA BiTi$
TARIHLERI
En gliclu En uzun En Ylksek Ext. Max. Siddet
iST AD isT S Baslama-Bitis D Baslama-Bitis | Baslama-Bitis S Baslama
NO Siddet Yi/Ay Sire Yi/Ay Yogunluk Yi/Ay Siddet Yil/Ay
SPEI- -52,02 2006 4 | 2009 05 38 2006 4 | 2009 05 -1,37 2006 4 | 2009 05 -2,32 2008 4
12
Cankin 17080
SPI-12 -36,79 | 2006 12 | 2009 05 33 1977 6 | 1980 02 -1,38 19735 | 197412 -2,84 2007 10
SPEI- -46,02 20171 | 202005 | 41 20171 | 2020 05 -1,46 2013 11 | 201504 -2,16 20145
. 12
Sivas 17090
SPI-12 -39,61 19731 | 197504 | 28 19731 | 197504 -1,84 201312 | 2014 11 -2,84 197310
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SPE | 479 | 20065 200006 | 38 | 20065 (200906 | 120 | 20065 | 200906 | -228 2007 10
Ankara 17130
SPI-12 | -39,18 | 20034 |200508 | 20 | 20034 |200508 | -138 | 19936 | 199505 | -2,66 2005 1
SPE | aro1 | 200611 | 200903 | 29 | 19939 199601 | 165 | 200611 | 200903 | -266 2008 4
Kirikkale 17135
SPI-12 | -42,78 | 20071 | 200002 | 26 | 20071 | 200002 | -165 | 20071 | 200902 | -312 19973
SPE | asas | 20191 | 202112 36 | 20191 (202112 | 70 | 20011 | 200203 | -242 20019
Yozgat | 17140
sPI-12 | -5436 | 19728 | 197504 | 33 | 19728 | 197504 | 214 | 20001 |200112 | -324 2001 10
SPEI- | 7585 | 200211 | 200003 | 77 | 200211 | 200903 | -1.63 | 20206 | 202112 | -2.45 20212
. 12
Kirsehir 17160
SPI-12 | -40,85 | 197212 | 197504 | 44 | 20056 |200001 | -141 | 197212 | 197504 | -252 19748
SPE | 3043 | 20166 201903 | 36 | 20063 (200902 | 24 | 20011 | 200209 | 240 20216
Cihanbeyli 17191
sPI-12 | -4381 | 197112 | 197503 | 40 |197112 | 197503 | 152 | 20011 | 200208 | -2.80 2001 10
SPEI- | 7226 | 20034 | 200903 | 72 | 20034 | 200003 | -137 | 20011 | 200200 | -232 2008 4
12
Aksaray 17192
SPI-12 | -39,61 | 200611 | 200001 | 42 | 20034 | 200609 | -147 | 200611 | 200901 | -2,62 19851
SPEI- | 4954 | 20163 | 201905 | 42 | 20042 | 200707 | -131 | 19701 | 197103 | -2,04 2001 10
. 12
Nevsehir 17193
spi-12 | -8232 | 20011 | 200705 | 77 | 20011 |200705 | 156 | 196912 | 197104 | -2,63 2014 4
SPEI- | 4596 | 20166 | 202002 | 45 | 20166 | 202002 | -155 | 19944 | 199505 | -2,21 2001 10
. 12
Kayseri 17196
sPI-12 | -3306 | 19723 | 197504 | 38 | 19723 |197504 | 142 | 199312 | 199505 | -2,67 19949
SPE | asae | 20124 | 201501 | 34 | 20124 201501 | 157 | 20011 | 200112 | -243 2001 10
Aksehir 17239
sPI-12 | -3793 | 201112 | 201412 | 37 | 201112 | 201412 | 193 | 20001 |200111| -270 2014 4
SPEI- | 5840 | 200412 | 200904 | 53 | 200412 | 200004 | -121 | 19993 | 200203 | -2,38 20215
12
Konya 17244
sPI-12 | -4322 | 19921 | 199506 | 45 | 200412 | 200808 | -149 | 199910 | 200202 | -2,57 19746
SPEI- | 3335 | 20125 | 201503 | 36 | 20046 | 200705 | -164 | 20207 | 202112 | -243 20215
12
Karaman 17246
sPI-12 | -4356 | 197212 | 197501 | 37 | 20045 | 200705 | 175 | 202012 | 202112 | 241 19743
SPEI- 1 6765 | 201712 | 202012 | 49 | 201712 | 202012 | 138 | 201712 | 202112 | -2.49 20212
- 12
Eregli 17248
SPI-12 | -4428 | 19894 |199111 | 41 |198212 | 198604 | -138 | 19894 | 199111 | -340 1989 12
ST 4919 | 20042 [ 200902 | 61 | 20042 | 200902 | 139 | 20163 | 201811 | 232 20215
Nigde 17250
sPi-12 | -6a61 | 19723 |197507 | 41 | 19723 |197507 | 158 | 19723 | 197507 | -2.83 19712
SPEI- 1 4718 | 20064 | 200901 | 34 | 20064 |200001 | -142 | 201910 | 202112 | -244 2007 11
12
K.Hamam 17664
SPI-12 | -4640 | 20064 | 200001 | 34 | 20064 |200001| 131 | 20064 |200901| -2.04 2007 10
ST | 10060 | 19919 | 199802 | 78 | 19919 | 199802 | 129 | 19919 | 199802 | -2.08 19952
Nallihan 17679
SPI-12 | -172.44 | 19881 | 199806 | 126 | 19881 | 199806 | -137 | 19881 | 199806 | -2.67 19973
SPEI- 1 4357 | 20124 | 201410 | 34 | 20064 |200001 | -143 | 20198 |202112 | -2,18 20133
12
Beypazari 17680
sPI-12 | -3806 | 20124 |201400 | 34 | 19925 |199502 | -162 | 19736 | 197405 | -2.49 197311
SPEI- 1 7543 | 20171 | 202012 | 60 | 20171 |202112 | 135 | 20124 | 201504 | -249 2021 4
12
Zara 17716
sPI-12 | -4950 | 20193 |202112 | 34 | 20193 202112 | 212 | 20123 | 201304 | -345 20215
SPEI- | ggg5 | 20166 | 202112 | 67 | 20166 |202112 | -133 | 20166 | 202112 | -2.18 20215
12
Polath 17728
SPI-12 | -2945 | 19925 | 199502 | 34 | 10925 | 199502 | -154 | 19893 | 190004 | -2:34 197311
SPEI- | 9319 | 20166 | 202112 | 67 | 20166 |202112 | -139 | 20166 | 202112 | -2.63 20215
12
Kaman 17756
SPI-12 | -41,70 | 201910 | 202112 | 28 | 200611 | 200002 | -154 | 201910 | 202112 | -2,7 20212
SPEI- 1 6072 | 20159 | 202005 | 57 | 20159 | 202005 | -134 | 20207 | 202112 | -2.53 2014 4
. 12
Develi 17836
SPI-12 | -36,94 | 201312 | 201502 | 28 | 197212 | 197503 | -2.46 | 201312 | 201502 | -367 2014 4
Sariz wea0 | S| 471 | 201512 [ 201905 | 42 [ 201512 | 201905 | 144 201910 | 202112 | 212 2020 12
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SPI-12 -54,66 201110 | 201501 40 | 201110 | 201501 -1,40 20162 | 201811 -2,81 20142
SPlEI_ -38,39 197211 | 197501 27 197211 | 197501 -1,56 20011 | 200111 -2,34 20212

Seydisehir 17898
SPI-12 -63,55 19712 | 197501 53 1982 11 | 1987 03 -1,53 20011 | 200111 -2,70 1974 6
SPlEI_ -30,58 20045 | 2007 05 37 20045 | 2007 05 -1,34 202012 | 202112 -2,07 20216

Ulukisla 17906
SPI-12 -37,52 20045 | 2006 09 29 19895 | 199109 -1,57 19703 | 197105 -2,67 1989 10
SPEI- -52,16 2004 12 | 2009 04 53 2004 12 | 2009 04 -1,55 20011 | 200111 -2,40 201312

. 12

Hadim 17928

SPI-12 -47,57 2004 12 | 2009 03 52 2004 12 | 2009 03 -1,65 201212 | 201502 -3,06 201312
SPEI-

ic ANADOLU 12 -55,33 2004 2 | 2009 03 62 2004 2 | 2009 03 -1,36 201910 | 202112 -2,28 20215
BOLGESI SPI-12 -36,73 197212 | 197503 28 197212 | 197503 -1,92 20011 | 200111 -2,62 2014 4

Bolge istasyonlarinda SPI-12°de en uzun suren guclii kuraklik Nallithan istasyonunda (-172,44) yaganmugtir. 1988/1
ayimda baglayip 126 ay slirmistiir. En yiiksek kisa siireli siddetli kurakligin biiytikliigii Develi istasyonunda 2013/12 -
2015/2 aylar1 arasinda (-2,46) Asir1 kurak olarak yaganmistir. Yaganan ekstrem en yiiksek kuraklik Develi istasyonunda
2014/4 aymda (-3,67) asirt kurak gergeklesmistir. SPEI-12"de en uzun siiren gii¢lii kuraklik Nallthan istasyonunda (-
100,60) yasanmustir. 1991/9 ayinda baslayip 78 ay siirmiistiir. En yiiksek kisa siireli siddetli kurakligin biiytkligi
Yozgat istasyonunda 2001/1 - 2002/3 aylar1 arasinda (-1,70) siddetli kurak olarak yasanmistir. Yasanan ekstrem en
yiiksek kuraklik Kirikkale istasyonunda 2008/4 ayinda (-2,66) asir1 kurak gerceklesmistir.

Bolgenin yillik meteorolojik kuraklik analizinde; SPI’da 10 yil kurak, 9 yil 1slak ve 34 yil normal (hafif kurak — hafif
nemli) yil tespit edilmistir. 1982, 1989, 1993, 2004, 2008, 2020 ve 2021 yillar1 orta kurak, 1984 ve 2013 yillar1 siddetli
kurak ve 1973 yili asir1 kurak olarak yaganmigtir. En kurak gecen yil 1973 diir. SPEI’da 8 yil kurak, 10 y1l 1slak ve 35
yil normal (hafif kurak — hafif nemli) y1l tespit edilmistir. 1989, 1994, 2007, 2017 ve 2021 yillar1 orta kurak, 2008 ve
2013 yillar1 siddetli kurak ve 2020 y1l1 agir1 kurak olarak yasanmistir. En kurak gegen yil 2020’ dir (Sekil 8).

icAnadolu Bélgesi SPEI - SPI -12 [Ocak- Aralik)
Yilik Kurakhk Dagilimi
3.00

2.00

1.00

0.00

-L.00 I
-2.00 I
3,00
EEEEEEEECREEEEEEE BB CEE28EB22E282828282232=22228¢
SPEI-12 mSPEI-12 mSPI-12 SPI-12
Analiz Yapilan Toplam Yil Sayist © 33 Analiz Yapilan Toplam Yil Sayst © 33
Ik Gézlem Yil : 1969 Ik Gézlem Yili 11969
En Eurak Yil 22020 EnKurak Yil 11973
Kurak Gegen Yil Sayist 3 Kurak Gegen Yil Sayist t10
SPEI-12 (Ocak-Aralik) Kuraklik Dagilimi SPI-12 (Ocak-Aralik) Kuraklik Dagilimi
sinif Sayi % Sinif Sayt %
. mAsin Nemli 1 %19
W Asin Nemli 0 %0 msiddetliNemli 2 %3.8
iddetli Nemli .
m SiddetliNemli 3 %5.7 ¥
Orta Nemli 7 %132 Orta Nemli 6 %113
Normal 35 %66 Normal 34 %64.2
Orta Kurak 5 %04 Orta Kurak 7 %13.2
siddetli Kurak 2 %3.8 SiddetliKurak 2 %3.8
W Asin Kurak 1 %1.9 W Agin Kurak 1 %1.9

Sekil 8. i¢ Anadolu Bélgesi Yillik SPEI/SPI Dagilimi

Bolgede 53 yillik siirede; SPI’da 10 kig, 10 ilkbahar, 8 sonbahar ve 9 yaz kurakligi goriilirken, SPEI’da 9 kis, 9
ilkbahar, 10 sonbahar ve 8 yaz kuraklhigi goriilmiistiir (Sekil 9-10-11-12). Kis mevsiminde; SPI’da 5 orta kurak, 2
siddetli kurak, 3 asir1 kurak sinif goriiliirken en kurak yil 1973’dir. SPEI’da 3 orta kurak, 6 siddetli kurak sinif
goriiliirken agir1 kurak simif hi¢ gériilmemistir. En kurak yil 1973’diir (Sekil 9). ilkbahar mevsiminde; SPI’de 7 orta
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kurak, 2 siddetli kurak, 1 agir1 kurak smif goriiliirken en kurak y1l 1989°dur. SPEI’de 6 orta kurak, 2 siddetli kurak, 1
agir1 kurak siif goriilmiistiir ve en kurak y1l 1989’dur (Sekil 10).

igAnadolu Bélgesi SPEI - SPI -3 [Arahk-Ocak-Subat)
Kis Mevsimi Kurakhk Dagihmi
3.00
2.00
1.00
0.00
-1.00
-2.00 i
-2.00
EEREEEERE L EE NS e e S Moo S8 CCECECCECEC 8 SCECo 28808 ExR
I LI L LR I SIS0 CREERRREREREERRRREERREREERERER
SPEI-3 WSPEL-Z  mSPI-3 S5PI-3
Analiz Yapilan Toplam Yil Sayist © 52 Analiz Yapilan Toplam Yil Sayist © 52
Ik Gézlem Yil c 1969 Ik Gézlem Yil c 1969
EnKurak ¥il 11973 EnKurak ¥il 11973
Kurak Gegen Y1l Sayisi -9 Kurak Gegen Y1l Sayisi - 10
SPEI-3 (Aralik-Ocak-$ubat) Kurakhk Dagilimi 5PI-3 (Aralik-Ocak-Subat) Kuraklik Dagilimi
Sinif Sayr %
. Simif Say1 %
o Asin Nemli 0 %0 v
) . . M Agin Nemli o %0
m SiddetliNemli 2 %2
m SiddetliNemli 0 %0
Orta Nemli 10 %10
Orta Nemli 11 %11
Normal 31 %%59.6
MNormal 31 %59.6
Orta Kurak 3 %5.8
Orta Kurak 5 %09.6
Siddetli Kurak 6 %6
iddetli Kurak 2 %3.8
W Asin Kurak 0 %0 s
M Asin Kurak 3 %5.8
Sekil 9. I¢ Anadolu Boélgesi SPEI/SPI Yillik Kig Mevsimi Dagilimi
icAnadolu Balgesi SPEI - SPI -3 (Mart-Misan-Mayis)
ilkbahar Mewsimi Kurakhk Dagilimi
3.00
2.00
Lo0
0.00
-1.00
-2.00
-2.00
EEREEEEER el Rl D Do BB SRS RE088EcCCCcC85C82CC0oS85582ER
B R R R T T R e e R e e e e B R R R
SPEL3 WSPE-3  mSPI-3 SPI-3
Analiz Yapilan Toplam Yil Sayist - 33 Analiz Yapilan Toplam Y1l Sayass - 33
Ik Gézlem Yil S 1969 Ik Gozlem Yik S 1969
EnEKurak Yil t1980 En Kurak ¥il (1080
Eurak Gegen Yil Sayisa -9 Eurak Gegen Yil Sayis: - 10
SPEI-3 (Mart-Nisan-Mayis) Kurakhik Dagilimi SPI-3 (Mart-Nisan-Mayis) Kuraklik Dagilimi
Sinif Say1 %
. Y Simif Sayt %
mAsin Nemli 0 %0 mAsin Nemli 0 %0
HgiddetliNemli 4 %7.5 msiddetliNemli 3 %57
Orta Nemli 6 %11.3 oOrta Nemli 6 %113
MNormal 34 %64.2 Normal 34 %642
Orta Kurak 6 %11.3 Orta Kurak 7 %132
SiddetliKurak 2 %3.8 siddetliKurak 2 %3.8
W Agin Kurak 1 %19 = Asin Kurak 1 %19

Sekil 10. i¢ Anadolu Bolgesi SPEI/SPI Yillik ilkbahar Mevsimi Dagilimi
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Sonbahar mevsiminde; SPI’de 3 orta kurak, 4 siddetli kurak, 1 asir1 kurak simif goriiliirken en kurak yil 1984’dir.
SPEI’de 6 orta kurak, 3 siddetli kurak, 1 agir1 kurak simif goriiliirken en kurak y11 2020°dir (Sekil 11). Yaz mevsiminde;
SPI’de 4 orta kurak, 5 siddetli kurak simif goriiliirken agir1 kurak sinif goriilmemistir. En kurak yi1l 1994 diir. SPEI’de
3 orta kurak, 4 siddetli kurak, 1 agir1 kurak siif goriiliirken en kurak y1l 2001°dir (Sekil 12).

icAnadolu Bélgesi SPEI - SPI -3 (Eyliil-Ekim-Kasim)
Sonbah i Kurakhk Dagil
3.00
2.00
1.00 1 1
0.00 -
-1.00 |
-2.00 1 |
-3.00
EEEECEEEb R 3888222255282 CCCC25558CC5C2258558¢82858
SPEI-3 mSPEL-3  mSPI-3 SPI-3
Analiz Yapilan Toplam Y1l Sayis: - 53 Analiz Yapilan Toplam Y1l Sayiss - 33
Ik Gézlem Yil : 1969 Ik Gézlem Yil : 1969
EnEurak ¥il $ 2020 EnFKurak Yil :1984
Furak Gegen Yil Sayisi - 10 Eurak Gegen Yil Sayis o8
SPEI-3 (Eyliil-Ekim-Kasim) Kuraklik Dagihmi SPI-3 (Eyliil-Ekim-Kasim) Kurakhik Dagilim
Simif Sayt % Sinif Sayi %
mAsin Nemli 1 %1.9 WAsin Nemli 0 %o
msiddetliNemli 5 9%9.4 msiddetliNemli 4 %7.5
Orta Nemli 3 %57 Orta Nemli a4 %75
Normal 34 %64.2 Normal 37 %69.8
Orta Kurak 6 %11.3 Orta Kurak 3 %57
siddetlikurak 3 %5.7 siddetliKurak 4 %7.5
= Asin Kurak 1 %19 M Agin Kurak 1 %1.9
Sekil 11. I¢ Anadolu Bolgesi SPEI/SPI Yillik Sonbahar Mevsimi Dagilimi
icAnadolu Bdlgesi SPEI - SPI -3 [Haziran-Temmuz-Agustos)
Yaz Mevsimi Kurakhk Dagilimi
3.00
2.00
1.00 ]
0.00 -
-1.00 1
-2.00
-3.00
ERFRREEERRR I NN nd oo Nl RS0 8588508 Rnmnnan®88R
SRS S oSS 3838888808885 S S SRRRRRRRRRRRERERRARAERRERR
SPEL-3 mSPEI-3  mSPI3 SPI-3
Anahz Yapilan Toplam Yil Sayst - 53 Anahz Yapilan Toplam Yil Sayst : 53
Ik Gézlem Yih © 1969 Ik Gézlem Yila t 1969
EnKurak ¥il S 2001 En Eurak ¥il -1994
Furak Gegen Yil Sayisa c8 Furak Gegen Y1l Sayisa o9
SPEI-3 (Haziran-Temmuz-Agustos) kuraklik Dagilimi 5PI-3 (Haziran-Temmuz-Agustos) Kurakhk Dagilhimi
Simif Sayi % Simif Say1 %
m Asin Nemli 0 %o mAgin Nemli 2 %3.8
mSiddetliNemli 5 %9.4 WjiddetliNemli 2 %3.3
Orta Nemli 6 %113 Orta Nemli 4 %75
Normal 34 %64.2 Normal 36 %67.9
Orta Kurak 3 %5.7 Orta Kurak 4 %75
Siddetli Kurak 4 %715 Siddetli Kurak 5 %9.4
M Asin Kurak 1 %19 mAgiIn Kurak 0 %0

Sekil 12. i¢ Anadolu Bolgesi SPEI/SPI Yillik Yaz Mevsimi Dagilimi
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Bolgenin yaz mevsiminde artan yagiglarina ragmen SPEI’de ikinci donemdeki (1995-2021) kurakliklar dikkat
cekicidir. i¢ Anadolu Bélgesi’nin i¢ kesimlerinde yillik Potansiyel Evapotranspirasyonun %56,4 iinden fazlasi sadece
3 yaz aymda (haziran, temmuz, agustos) olmaktadir (MGM, 2016). Yaz sicakliklarinin yiiksek olusu bdlgede
evapotranspirasyona etki eden en biiyiik etkendir. Bolgede artan kuraklik siddet ve siire {izerinde; yagistaki artigin
potansiyel evapotranspirasyonda ki artig etkisi kadar etkili olmadigt goriilmektedir.

Spinoni vd. (2016) calismasinda; Tiirkiye, Irlanda, Orta Avrupa, Balkanlar, Letonya ve Estonya gibi iilkelerde artan
kuraklik siddeti tizerinde (Estonya hari¢) yagistaki artig egiliminin PET teki artig egilimi kadar 6nemli olmadigi
vurgulanmistir. Spinoni vd. (2017), Avrupada yaz kurakliklarmin diger mevsimlerle karsilagtirilmasinda, hem uzayda
hem de mutlak degerlerde kurakligin siddetiyle etkilenen alandaki artisin, Akdeniz bolgesi, Tiirkiye ve Polonya
iizerinde daha fazla oldugu, yaz aylarinda ki kurakliklarda sicaklik artiginin etkisinin agikc¢a goriildiigii sonucuna
ulasilmistir.

HadGEM2-ES (RCP4.5) bélgesel iklim projeksiyonun i¢ Anadolu Bélgesinde yillik ortalama sicakliklarda siirekli bir
artig egilimi ve bu egilimin 2060’lardan itibaren belirginlestigi ve yillik toplam yagislarda 6nemli bir yagis degisiminin
tespit edilmedigi (diizensiz bir rejim izledigi) 6ngorillmektedir (Sekil 13).

ic Anadolu Bélgesi HADGEM2-E5 RCP(4.5) Yillik Ortalama Sicaklik M-K Egilim Analizi
B
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ic Anadolu Bélgesi HADGEM2-ES RCP(4.5) Yillik Toplam Yagis M-K Egilim Analizi
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u(ti) u'(ti)
Mann-Kendall rank correlation statistics  u(ti) -0.51

Sekil 13. i¢ Anadolu Bolgesi HADGEM2-ES RCP(4,5) Projeksiyonun Yillik Ortalama Sicaklik ve Yillik Toplama
Yagis M-K Egilimleri

Iklim degisikliginin bolgede yasanmasi muhtemel kurakliklar iizerindeki etkileri SPEI-3 ve SPEI-12 aylik dlgeklerde
her iki donemde 6ngorillmektedir (Sekil 14-15). Buna karsin her iki donemde SPI-3 ve SPI-12 aylik 6lgekte yagis
eksikliginden kaynakli kurakliklar {izerinde dnemli bir degisim goriilmemektedir. Gelecekte yasanmasi muhtemel
kurakliklarm yagis azligindan ziyade sicaklik artisina bagli PET artis kaynakli olacagi dngoriilmektedir. Daha sicak
iklim ve daha yiiksek potansiyel evapotranspirasyon; &zellikle sehir merkezlerinde, tarimda ve suya bagiml
ekosistemlerde su talebini artiracaktir.
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SPET’nin en 6nemli avantaji, kuraklik degerlendirme siirecinde evapotranspirasyon ve sicaklik degiskenliginin roliinii
¢ok iyi tamimlamasina karsin, SPI kuraklik kosullarinda bir sicaklik artiginin roliinii belirleyemedigi gibi iklim
degisikligi senaryolarindan bagimsiz olarak sicaklik degiskenliginin etkisini ve 1s1 dalgalarinin roliinii agiklama
konusunda eksik kalmaktadir. Begueria vd. (2013), Homdee vd. (2016) yaptiklar: ¢aligmalarda kurak ve yar1 kurak
iklimlerde SPI'nin zayif performansini bildirirken, Byakatonda vd. (2018) iklim degisikligi sebebiyle SPEI’nin yari
kurak bolgelerdeki kurakliklari karakterize etmede daha saglam oldugu sonucuna varmiglardir.

]
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8 3 R § 8 8 8 R 8 8 8 3 8 § §
o o . d 04 4 ¢ 3 & =
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o= o= = SPEI-3 SPEI-3 HADGEM RCP45 o= == == SPEI-3 HADGEM RCP45
(1969-2021) (2022-2060) (2061-2098)

— SPI-3 e SPI-3 HADGEM RCP45 e SP|-3 HADGEM RCP45
(1969-2021) (2022-2060) (2061-2098)

Sekil 14. i¢ Anadolu Bolgesi SPEI-3 ve SPI-3 Aylik Olceklerde Mevecut Durum ve HadGEM2-ES RCP(4.5)
Projeksiyon Indis Degisim Grafikleri
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Sekil 15. i¢ Anadolu Bolgesi SPEI-12 ve SPI-12 Aylik Olgeklerde Mevcut Durum ve HadGEM2-ES RCP(4.5)
Projeksiyon indis Degisim Grafikleri
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4. Degerlendirmeler

Kurakligin tarim ve su kaynaklari basta olmak {izere pek ¢ok alanda olumsuz etkileri bulunmaktadir. Bu ¢aligmada,
meteorolojik degiskenlere bagl en yaygin olarak kullanilan SPI ve SPEI indis yontemleri ile kuraklik olaylarinin
ozellikleri, yillik ve mevsimsel degisimleri, iklim degisikliginin kurak kosullar tizerindeki etkileri ve kuraklagma
egilimi incelenmistir. Meteorolojik kuraklikta sicakligin roliinii degerlendirmek amaciyla yasanmis kuraklik
olaylarinin analizi bélge ve istasyonlar temelinde her iki indis i¢in 3 ve 12 aylik zaman 6l¢eginde iki donem hélinde
(1969-1994 / 1995-2021) incelenirken, yagsanmast muhtemel kuraklagma egilimi iki donem hélinde (2022-2060 / 2061-
2098) i¢c Anadolu Bélgesi igin ele almmustir.

I¢c Anadolu Bolgesinde 1994 yilindan sonraki sicak artisinin PET {izerinde yaratmis oldugu etki 6zellikle kurak kosullar
tizerinde, mevcut dénemin ikinci yarisinda (1995-2021) ve projeksiyonun her iki doneminde SPEI-3 ve SPEI-12
6lgeginde goriilmektedir. Tiirkiye igin yapilan kuraklik projeksiyonlari ¢aligmalarinda iklim degisikliginin yasanmasi
muhtemel kurakliklarin siddet, siire, yogunluk ve sikligii arttiracagi ve kurakligin yaratacagi olumsuz etkilerin
gelecekte daha da fazla hissedilecegi 6ngoriilmektedir (Camalan vd., 2017a-b; Camalan, 2019a-b-c; Camalan ve Cetin,
2022; URL 5). Yapilan bazi1 diger ¢alismalarda da (Ayva vd., 2023; Turan, 2018), gelecek yiizyilda Tiirkiye genelinde,
ozellikle giiney bolgelerde sicakligin artigiyla beraber buharlagsmanin artacagi, yagislarin ise azalacagi, buna bagl
olarak kuraklik olaylarinin daha sik goriilecegi ve havzalarda su potansiyelinin azalacagi sonucuna ulasilmistir.
Kurakligin etkileri en ¢ok canlilarin temel ihtiyaci olan gida ve su kaynaklar1 Uizerinde gorilmektedir. Bu nedenle
kurakliga ve iklim degisikliginin kurakliga olasi katkilarma yonelik c¢aligmalarin artirilmasi ve glincel eylem
planlariin hazirlanmasi1 6nemlidir.

Etik Beyam

Bu makalenin yazarlari, bu ¢alismada kullanilan materyal ve ydntemlerin etik kurul izni ve / veya yasal-6zel izin
gerektirmedigini beyan etmektedir.

Yazar katkis1

Sorumlu yazar makalenin tasarimi, verilerin analizi ve yorumlanmasi; diger yazarlar verilerin analizi ve yorumlanmast
kapsaminda katkilar saglamustir.

Cikar Catismasi

Yazarlar ¢ikar catismast olmadigini beyan etmektedir.
Tesekkiir
Calismada kullanilan verileri saglamasindan dolay1 Meteoroloji Genel Miidiirliigii’ne tesekkiir ederiz.
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