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ABSTRACT

MODELLING WEATHER INDEX BASED DROUGHT INSURANCE FOR PROVIRES
IN THE CENTRAL ANATOLIA REGION

Evkaya,Omer Ozan
M.S., Department of Actuarial Sciences

Supervisor : Assist. Prof. Dr. S. Kasirga Yildirak

August 2012, 116 pages

Drought, which is an important result of the climate change, is one of the @igsts natural
hazards globally. It has been agreed all over the world that it hagsalivepacts on the pro-
duction of agriculture, which plays a major role in the economy of a countugi&s showed
that the results of the drought directlffected the crop yields, and it seems that this negative
impact will continue drastically soon. Moreover, many researches lex&zat, Turkey will
be dfected from the results of climate change in many aspects, especially theltagaicu
production will encounter dry seasons after the rapid changes in tbppagon amount. In-
surance is a well-established method, which is used to share the risk lvasatial disasters
by people and organizations. Furthermore, a new way of insuring aglaegweather shocks
is designing index-based insurance, and it has gained special attentitanindeveloping
countries. In this study, our aim is to model weather index based drougjimaimce product
to help the small holder farmers in the Cental Anatolia Region undtsrdnt models. At
first, time series techniques were applied to forecast the wheat yield relgitite past data.
Then, the AMS (AgroMetShell) software outputs, NDVI (Normalizedi®ience Vegetation

Index) values were used, and SPI values for distinct time steps weserthmdevelop a basic

iv



threshold based drought insurance for each province. Lineagsgign equations were used
to calculate the trigger points for weather index, afterwards based aattiggger levels; pure
premium and indemnity calculations were made for each province sepaiatelydition to
this, Panel Data Analysis were used to construct an alternative linead foodought in-
surance. It can be helpful to understand the direct and adtieat® of selected weather index
measures on wheat yield and also reduce the basis risks for constrootegcts. A simple

ratio was generated to compare the basis risk of thierént index-based insurance contracts.

Keywords: Drought, index-based insurance, time series analysis| data analysis, pre-

mium, indemnity



Oz

IC ANADOLU BOLGES ILLERI ICIN ENDEKS BAZLI KURAKLIK S IGORTASI
MODELLEMESI

Evkaya,Omer Ozan
Y iiksek Lisans, Akierya Bilimleri

Tez Yoneticisi : Assist. Prof. Dr. S. Kasirga Yildirak

Agustos 2012, 116 sayfa

Iklim degisikliginin bir sonucu olan kuraklik, erityiik kiiresel d@al afetlerden biri olmustur.
Ulke ekonomisine byiik katkisi olan tarimiiretimi Uizerine olumsuz etkileri oldju tim
dunyada kabul edilmistir. Yapilan ¢alismalaiare, kuraklgin sonuclariiriin verimini da@ru-
dan etkilemis ve bu olumsuz etkilerin yakin gelecekte dglk olclide devam edegetah-
min edilmektedir. Bircok arastirmaci,iifkiye’'nin bu iklim dejisikliginden farkli acilardan
etkilenec@ini ve ozellikle de tarimsaliretimde y@islarda olusan ani d@ésiklikler sonucu
ciddi verim kayiplari yasayagani diginmektedir. Sigorta, dial afetlere dayali risklerin
de paylasiimasi adina kullanilan etkin bir riséngtim tekngidir. Ayrica, hava olaylarina
karsi endeks bazli sigortatinleri iyi bir alternatif olarak grilmektedir ve gelismekte olan
iilkelerdedzeldnem kazanmistir. Bu calismada amag, farkli modeller kullanégagadolu
Bolgesi'nde yer alan ciftcilere yardimci olabilecek endeks bazl kuraid@rtasiirini mo-
dellemektir. Her il icin zaman serisi analizi iléncelikle police yilina ait bgday verimi
tahmin edilmistir. Daha sonra, Agrometshell (AMS) c¢iktilari, Normalizefiddence Vegeta-
tion Index (NVDI) d&erleri ve farkl zamanigeleri i¢in hesaplanan Standard Precipitation

Index (SPI) dgerleri kuraklik sigortasi icin endeks@lerler olarak secilmistir. @pusal reg-
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resyon denklemleri yardimiyléance tetik nokta ve arkasindan bundrg prim ve tazminat
hesaplamalari yapiimistir. Ayrica, Panel veri analizi alternatif modelletwlusk adina ter-
cih edilmistir. Bu uygulamanin secilen endekgdderin gercek etkilerini anlamak ve olusan
baz riski azaltmak adina faydali old@paiisinilmustir. Farkli endeks bazli sigortatinlerine

ait baz riskini karsilastirmak icin basit bir katsayetilmistir.

Anahtar Kelimeler: Kurakhk, endeks bazli sigorta, zaman serisi analinglpgeri analizi,

prim, tazminat

Vii



To my family

viii



ACKNOWLEDGMENTS

I would like to express my deepest gratitude to my advisor, Assoc. ProKadsnrga Yildirak
for their endless help and ideas. Without his guidance, | will have nocehtemexplore this
research area. | also want to thank Assoc. Prof. Dr. Sevtap Kesteéf encouragement and
helpful critics on this work and Dr. Ceylan Talu Yozgatlgil, who as a gentidamician,
was always willing to help and give her best suggestions. | am also sfigr Assist. Prof.
Ozlemilk and Serkan Kemeg for their endless support, patience and guidamicey thesis
study. Finally, | want to express my gratefulness to my family for their endlepport and
my best friendOzhan Genc. Moreover, Bengisen Pekmen, who as a collaborateryess
special thanks for providing me essential computer files. Thanks to HBieute of Applied

Mathematics for making this work possible.



TABLE OF CONTENTS

ABSTRACT . . . o iv
OZ . o s, Vi
DEDICATION . . . . e e e e e e viii
ACKNOWLEDGMENTS . . . . . . e e e e e e e e e iX
TABLE OF CONTENTS . . . . . . . e e e e e e e e X
LISTOFTABLES . . . . . . . e e e e Xiii
LISTOFFIGURES . . . . . . . e e e s e e e e ixXv
CHAPTERS
1 INTRODUCTION . . . . . . e e e e e e e 1
1.1 Contributionsofthesis . . . . . . .. .. .. ... ... ..., 1
1.2 The importance of drought insurance in Turkey . . . . . . .. .. .. 2
1.3 Why Central Anatolia Region? . . . . ... ... ... ....... 3
1.4 Thesisstructure . . . . . . . . . .. ... 6
2 METHODOLOGY . . . . . e e e e e e e 7
2.1 Weather Index based Droughtinsurance . . ... ... ....... 7
211 A Brief Introduction . . . . ... ..o 0oL 7
2.1.2 Fundamentals of Index Insurance . . . . . ... ... ... 8
2.1.3 How index-based insuranceworks . . . . . ... ... .. 11
214 Background and BriefHistory . . . . ... ... ... .. 12
2.2 Methodology of Modelling . . . . . .. ... ... ... ...... 16
221 CropSelection . . ... ... ... ... ... ... 16
2.2.2 The conceptofBasisRisk . ... .. ... ........ 17
2.2.3 Weather Index Selection . . . ... ... ... .. .... 17



2.2.4 Relation between Wheat Yield and Weather Index . . . . . 22

2.25 Insurance ProductDesign. . . . . ... ... ... .... 23
3 DATA ANALYSIS . . . . e 25
3.1 Datasources . . . . . . . . .. .. 25
3.2 Weather IndexDesign . . . . . . . . .. ... oo 26
3.2.1 Wheat Yield Forecasting . . . . ... ... ........ 26
3.2.2 Index Selection . . . . . ... ... ... ... ... ... 32
3.2.3 Regression between wheat yield and selected index . . . . 36
3.24 Discussions . . . . . . ... 48
3.3 Panel Data Analysis Approach . . . . .. ... ... ........ 49
3.3.1 AShortOverview . . . . .. ... ... ... ... ..., 49
3.3.2 FE and RE EstimationResults . . . . .. ... ... ... 53
3.4 Index-based Insurance ContractDesign . . . . . .. .. .. .. .. 6 5
3.4.1 WheatPrice . . . . ... ... ... 56
3.4.2 Indemnity Calculation . . .. ... ............ 57
3.4.3 PurePremium . . . . . .. ... ... ... 61
3.4.4 Basis Risk Comparison . . . . . .. ... ... ...... 65
3.4.5 Risk Premium . . . . ... ... ... ... .. ...... 66
3.4.6 2007 Droughtresults . . . . . ... .. ... ... ... 67
3.4.7 DIiSCUSSIONS . . . . . . .. 70
4  CONCLUSIONSANDDISCUSSIONS . . . .. ... oo 71
4.1 Resultsand Conclusions . . . . . .. ... ... .. ... ...... 71
4.2 Contributions of thisStudy . . . .. .. .. ... ... ....... 74
4.3 ProblemsinthisStudy . . . . . ... .. ... ... ......... 75
4.4 Proposals for Future Works . . . . . .. .. ... ... ....... 76
REFERENCES . . . . . . . 79
APPENDICES
A ARIMAPROCESS SUMMARY . . . . . . . . i 83
B R-CODE FOR LINEAR MIXED EFFECTMODELS . . . . . ... ... .. 87
C STRIKELEVEL CALCULATIONS . . . . . . . . . e 90

Xi



D
E
F

MATLAB M-FILE FOR THICK SIZE CALCULATION . . . . ..
INDEMNITY AMOUNT FUNCTIONS FOR EACH PROVINCE
INSURANCE CONTRACT SUMMARY FOR EACH PROVINCE

Xii



LIST OF TABLES

TABLES

Table 1.1 Drought support for 40 provinces in Turkey

Table 1.2 Drought support payments for Central Anatolia Region, . . . . . . ..

Table 2.1 KcvaluesforWheat . . . . . . . . . . . . . . . . . . ...

Table 2.2 SPIThresholdvalues . . . .. ... . . . . .. . . .. . ... .....

Table 3.1 Unitroot test results for stationarity . . . . ... ... ... .......
Table 3.2 ARIMA processforAnkara. . . . .. ... ... ... .........
Table 3.3 Observed versus Predicted Wheat Yield in 2007 . . . . .. . .. ...
Table 3.4 Correlation between logyield and WDEF values . . . . . ... ... ..
Table 3.5 Correlation between logyield and ETA & WSl values . . . ... .. ..
Table 3.6 Correlation between logyield and NVDIvalues . . . . ... .. .. ..
Table 3.7 Correlation between logyield and the ratios of WDEF and NVDI galue
Table 3.8 Correlation between logyield and the ratios of ETA and NVDI values .
Table 3.9 Correlation between logyield and SPI'3 values & Precipitation amoun
Table 3.10 Index summary for provinces . . . . . . . . . . . .
Table 3.11 Linear regression fitresults forAnkara . . . . . ... ... .. ... ...
Table 3.12 Linear regression fit results for Cankirr . . . . . . . ... ... .. ..
Table 3.13 Linear regression fit results for Eskisehir . . . . . . . .. ... .. ..
Table 3.14 Linear regression fitresults forKayseri . . . . . . .. .. ... . ...
Table 3.15 Linear regression fit results for Kirsehir

Table 3.16 Linear regression fit results for Konya

Table 3.17 Linear regression fit results for Nevsehir . . . . . . . .. ... .. ..

Xiii

34
35

35

37
38
39
39
40
41

42



Table 3.18 Linear regression fitresultsfoigde . . . . . . .. .. ... ... ....
Table 3.19 Linear regression fitresultsforSivas . . . . . . ... ... . .. ...
Table 3.20 Linear regression fit results for Yozgat . . . . . ... ... .. ... ...
Table 3.21 Linear Fit Selection for provinces . . . . . . . .. ... .. ... ...

Table 3.22 Panel Data Set Structure . . . . . . . . . . . . o

Table 3.23 Important Parameters for the model selection

Table 3.24 Panel model results for each province (1) . . . . . . .. . ... ...
Table 3.25 Panel model results for each province (2) . . . . . . .. .. .. ...
Table 3.26 Wheat Prices for provincesin2006 . . . . . . ... ... ... ..
Table 3.27 Strike Levelsfor Nevsehir . . . . . . . . .. . ... ... .. ... ..
Table 3.28 Indemnification scheme for Nevsehirin 2007 . . .. ... ... ...

Table 3.29 Strike Level and Indemnification under FE model for Nevsehir. . . .

Table 3.30 Indemnity amount functions for Nevsehir

Table 3.31 Indemnity amount for Nevsehir . . . . . ... ... ... ... ....
Table 3.32 AYL calculation for Nevsehir und&DEFR . . . . . . . ... ... ...
Table 3.33 AYL calculation for NevsehirundBM A . . . . . . .. ... ... ...
Table 3.34 AYL calculation for Nevsehirund&/S}, . . .. ... ... ... ....
Table 3.35 AYL calculation for Nevsehir und&fDEFR /vert . . . . . . . ... ...
Table 3.36 Pure Premium under LR models for Nevsehir . . . ... ... ...

Table 3.37 BRRP values for Nevsehir . . . . . ... ... ... ... ......

Table 3.38 The yield loss variation for provinces . . . . . . . ... ... .. .. ...

Table 3.39 Comparison of drought support and indemnity amount

Table 4.1 Index-based insurance contract design for provincesimmalénatolia

Table A.1 ARIMA processforCankiri. . . . . ... .. ... ... ... ....
Table A.2 ARIMA process for Eskisehir . . . . . . . ... ... ... ... ...
Table A.3 ARIMA processforKayseri . . . .. ... ... ... ... ......
Table A.4 ARIMA process for Kirgehir . . . . . . . .. ... ...

Table A.5 ARIMA processforKonya . . .. ... ... ... ... ........

Xiv

44
45
47

50

.54

55
55
56
57
58
58
59
60
61
62
62
63
64
66
68
69

73



Table A.6 ARIMA process for Nevsehir . . . . . .. ... ... ... ......
Table A.7 ARIMA processforNjde . . . . . . . ... ... ... .......
Table A.8 ARIMA processforSivas . . . . .. ... ... ... ... ......

Table A.9 ARIMA processforYozgat . . . . . .. . ... ... ... ......

Table C.1 Strike Level and Indemnification under LR model for Ankara .. .. .. . .
Table C.2 Strike Level and Indemnification under FE model for Ankara . . . . .
Table C.3 Strike Level and Indemnification under LR model for Cankiri. ... . . .
Table C.4 Strike Level and Indemnification under FE model for Cankiri. .. .. . . .
Table C.5 Strike Level and Indemnification under FE model for Eskisehir. . . . .
Table C.6 Strike Level and Indemnification under LR model for Kayseri .. .. . . .
Table C.7 Strike Level and Indemnification under FE model for Kayseri .. .. . . .

Table C.8 Strike Level and Indemnification under FE model for Kirsehir . .. .. . .

Table C.9 Strike Level and Indemnification under LR model for Konya

Table C.10Strike Level and Indemnification under FE model for Konya

Table C.11Strike Level and Indemnification under LR model fayddi . . . . . .
Table C.12 Strike Level and Indemnification under FE model fgdei. . . . . . .
Table C.13Strike Level and Indemnification under LR model for Sivas .. . . . . .
Table C.14 Strike Level and Indemnification under FE model for Sivas . . . . .
Table C.15Strike Level and Indemnification under LR model for Yozgat. .. .. . . .

Table C.16 Strike Level and Indemnification under FE model for Yozgat. . . . . .

Table E.1 Indemnity amount functions for Ankara . . . . ... ... ... ..

Table E.2 Indemnity amount functions for Cankirt . . . . . ... ... ... ..
Table E.3 Indemnity amount functions for Eskisehir . . . . . ... ... ...
Table E.4 Indemnity amount functions forKayseri . . . . ... ... ... ...
Table E.5 Indemnity amount functions for Kirsehir . . . . . .. . ... ... ..
Table E.6 Indemnity amount functionsforKonya . . . . . ... ... ... ..

Table E.7 Indemnity amount functions for@de . . . . . . ... ... ... ...

Table E.8 Indemnity amount functionsforSivas . ... .. ... ... ....

XV

90
90
91
91
92
93
93
94
95
95
96
96
97
97
98



Table E.9 Indemnity amount functions for Yozgat. . . . . .. .. .. .. .. ... 104

Table F.1 Insurance contract detailsfor Ankara . . . . ... ... ... ... .. 106
Table F.2 Insurance contract details for Cankirt . . . . ... ... .. ... ... 107
Table F.3 Insurance contract details for Eskisehir . . . . . ... ... ... ... 108
Table F.4 Insurance contract details forKayseri . . . ... ... ... ... ... 109
Table F.5 Insurance contract details for Kirsehir . . . ... ... ... ... .. 110
Table F.6 Insurance contract detailsforkonya . ... .......... ... . 111
Table F.7 Insurance contract details for Nevsehir . . . . .. ... .. ... ... 112
Table F.8 Insurance contract detailsfoge . . . . ... ... ... ........ 113
Table F.9 Insurance contract detailsforSivas . . . . . ... ... ... ..... 114
Table F.10 Insurance contract details for Yozgat . . . ... ... ... ... ... 115

XVi



LIST OF FIGURES

FIGURES

Figure 1.1 Provinces for Central AnatoliaRegion. . . . . ... ........... 4

Figure 2.1 Cost dierences : Traditional versus index based insurance . . . . . . . ..

Figure 2.2 Basic PaymentSchedule . . . . . .. .. .. .. ... ......... 11
Figure 2.3 The number of pilotinsurance schemes . . . . .. .. .. ... .... 13
Figure 2.4 Index based insuranceexamples(1) . . . ... ... ... ...... 14
Figure 2.5 Index basedinsuranceexamples(2) . ... ... ... ... ..... 15
Figure 3.1 Time series plots for original logyielddata . . . .. .. ... ... ... 28

Figure 3.2 Time series plots for detrended logyield data after one leveffefaticing 31

Figure 3.3 LinearfitplotsforAnkara . . . .. .. .. ... ... ... ....... 38
Figure 3.4 LinearfitplotsforCankirt . . . . .. ... ... ... .. ....... 39
Figure 3.5 LinearfitplotsforKayseri . . . . .. ... ... ... ... ...... 40
Figure 3.6 LinearfitplotsforKonya . ... ... ... ... ... ... ...... 42
Figure 3.7 Linear fit plots for Nevsehir . . . . . . ... ... ... ... ..... 43
Figure 3.8 LinearfitplotsforNjde . . . . . . .. .. .. ... ... .. ....... 44
Figure 3.9 LinearfitplotsforSivas . . .. .. ... ... ... ... ........ 45
Figure 3.10 Linear fit plots for Yozgat . . . . . ... ... ... ... ....... 46
Figure 3.11 Varying Intercept Models . . . . . . .. .. ... ... ... ... .. 52
Figure 3.12 Varying Slope Models . . . . . . . . . . .. ... . . ... ... ... 52
Figure 3.13 Varying Slope and InterceptModels . . . . .. ... ..... ..... 53

XVi



CHAPTER 1

INTRODUCTION

1.1 Contributions of thesis

In many developing countries, the protection of agricultural areas is assta in the national
security plans with the awareness of adverse impacts of climate changel @etin points
out that Turkey could be seen as one of the mé&céed countries due to the structure of
complex climate, especially changes in climate as a result of global warmingh&]main
goal of this thesis to emphasize potential usage of index based insundnick started to be
used as an alternative way of traditional agricultural insurance pteduncthis sense, general
purpose of this pilot study is to give preliminary ideas about thresholdlmreeight insurance
under diferent approaches. Central Anatolia Region was chosen as the exglopktion
and wheat as the exemplary crop type in this pilot study. For this reasaoitahle weather
index-based drought insurance policy was set for provinces df@lénatolia. Additionally,
the basis risks of insurance products undéiiedént models were compared, and then general

opinions were obtained about how an index based insurance can dfickzfior Turkey.

It will be a first pilot study of weather index based drought insurameeTtirkey. Firstly,
instead of generally preferred weather index variables such aslkaivifed speed, tempera-
ture, satellite and weather data etc., AgroMetSheel(AMS) outputs and Noech&8liference
Vegetation Index(NVDI) values were used to address the limitations of wed#ta and pro-
vide more reliable index variables for wheat yield. Furthermore, the ratiddAs outputs
and NVDI values were considered to obtain alternative dhdient index variables. Besides
these values, Standard Precipitation Index (SPI) values, widely knowwughit indicators in

many countries, for some months were utilized in this study, since it allows thesapasy



calculations. Secondly, two filerent linear models were considered to design alternative
index-based insurance contracts. According to resultsftdrdnt policies, basis risk of each

insurance product was compared by using a simple ratio.

The results of this pilot study may be used for further studies to derive exbeasive weather
index-based insurance models for Central Anatolia region, even fer cglgions of Turkey

in the future.

1.2 The importance of drought insurance in Turkey

The livelihood of local farmers depends on agriculture mostly (IFAD,202p Agriculture
has always been dependent on the weather variabilities for the groeasgrs [1]. For this
reason, any changes in climate have many direct and indiffect® on the rural society and
the whole economy of the country. Governments and development agéagiesooked to
crop insurance models in developed countries to cover the productiomfidaemers due
to weather shocks [2]. One of the most important results of climate change isdiease
trend in the frequency and severity of drought, which is a combination oktmivmoisture,
precipitation amount falling under the average and arid-warm air overgatiore period in

general.

The most probably, agricultural production will be narrowed becafiskeoseasonal sharp
declines in the rainfall in many countries. As a result, there might be advhes&es in
farmland areas and quality of the crop. Moreover, the crop type, saviddarvesting time
can change because of the new climate patterns after global warming althevevorld.
Indeed, the loss of wheat, corn, soybean and other crop produnienarise after the climate

change in irrigated and non-irrigated areas for Turkey like other ciesr].

In recent years, Turkey experienced its driest seasons, and nsitytians predict that this
movement will continue drastically [3]. The results of global warming hatiedint éfects
on the diferent zones of Turkey as might be expected. Especially, agricultudiliption will
suffer from climate change by means of available soil water in the semi-arid anchsenidk
zones like Southeast Anatolia Region, Mediterrarean Region, AegegiorRand Central
Anatolia Region. For instance, some observations at the beginning of M20ih showed

that crop yields of Konya, Karaman and Yozgat provincekesed from drought by 80-90 %,
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as a result of the deficient precipitation amount in the sowing period (TA@BOL) [3]. It
was an impressive example of how our agricultural productitected negatively from the

new climatic conditions most recently.

Although there seems to be severe reductions on agricultural productiurkey because
of its climate patterns, agricultural insurance system in Turkey has beenthg evolving.
Farmers are trying to be informed by the government usifigréint channels about the con-
cept of insurance. Although they are protected by ex-post risk mamag¢echniques against
the loss resulted in most natural disasters like hail, flood, etc., there is pet#isinsurance
product covering also drought yet. On the other hand, droughtrageds a still controver-
sial issue all over the world and in Turkey. Currently, farmers Union dehadso protection
against drought in the existing agricultural insurance system wheredRSIM adminis-
trators claim that such a coverage can become a burden in the insuratked ilaHowever,
the law 5363, legislated in 2005, Turkey’s agricultural insurance syegmds to implement
an index based crop insurance product with the government subsidy5@p%oof the pre-

mium.

1.3 Why Central Anatolia Region ?

Central Anatolia Region is located at the centre of the Anatolia peninsula witHace area
of 151.000 kilometer square, that is nearly 20 % of the Turkey’s land.g@pbically, this
region is covered by folded and high mountains. This geographicagépiep bring us hot, dry
summers and cold, snowy winters which are called semi-arid continental clima@efbral

Anatolia. The Figure 1.1 represent the provinces for that region.

In general, the basis of economy in this region based on agriculture. Thepa of the
working region laboured in farming. The climatic features of Anatolian Platettuland-
forms determine the agricultural production. Generally, cereal farmin@isng major role
in the economy of this region, which has a great contribution to the Turkeyienal income
as 20 %. In this region, wheat, sugar beets and apples are mostly pdpdncelarge areas

are divided into agriculture production even if the region is dominated by addhclimate.

The most important problem of farmers for wheat production is high defigs in annual

precipitation amount. For example, the center of the region only receiarage rainfall

3



Figure 1.1: Provinces for Central Anatolia Region

of 300 millimeters yearly. Especially, in spring, when there is a failure or dielaginfall,
this deficiency may cause large fluctuations in wheat production. In threefat level, these
severe reductions in wheat yield have been devastattiegte on farmers’ income, which
is one of the rolling stones of the national economy. Thus, there is a gresital for an
insurance against drought for this region that allows farmers protefctionincome loss after

any weather shocks.



Table 1.1: Drought support for 40 provinces in Turkey

Adana Ankara Karaman Mla
Afyonkarahisar Corum Kastamonu Nevsehir
Aksaray Denizli Kayseri Njde
Amasya Eskisehir Kirikkale Ordu
Cankirl Gaziantep Kirsehir Samsun
Antalya Aimishane Konya Sinop
Aydin Hatay Kiutahya Sivas
Balikesir Isparta Malatya Tokat
Bolu [zmir Manisa Usak
Burdur Kahramanmaras Mersin Yozgat

Source: Council of Ministers, 04.07.2007 ficial Gazette
dated 26572

In recent years, Turkey faced with a series drought in 2007 andiiedial results of it are so
expressive to illustrate the importance of insurance. The decision of thiecTof Ministers
of Turkey confirmed that there were 25 % or more of decrease on cagjugtion for 40
provinces because of the dry spring season for that year. Thestxdught support costing
264.499.098,58 TL covered to only yield failure in wheat, barley and vetduikey. The
table 1.1 represents the provinces of Turkey supported by goverraftenthat drastic dry

year.

Furthermore, Table 1.2 shows how important the well-organized drougjineince for Central

Anatolia by means of support payments.

As table shows, almost 46 % of farmers belonged to Central Anatolia Regh6 % of
total drought coverage were done for this region. The economic resfulteought in this
region seems to be devastating. Hence, it is essential to manage the redojtsedsons by

well developed insurance systems.



Table 1.2: Drought support payments for Central Anatolia Region,

Province name Number of farmers  Total Payment (TL)
Ankara 42.450 38.106.675,78
Cankiri 10.152 6.196.305,41

Eskisehir 22.826 10.242.685,33
Kayseri 10.945 5.995990,25
Kirgehir 20.410 11.212.651,20
Konya 62.446 51.398.408,00
Nevsehir 18.505 13.754.482,17
Nigde 3.212 1.237.104,28
Sivas 19.191 8.077.903,44
Yozgat 40.897 20.867.994,42
Central Anatolia Total 251.034 167.090.200,28
Turkey Total 544,579 264.499.098,58
Source: Council of Ministers, 04.07.2007 ficial Gazette dated
26572

1.4 Thesis structure

This master thesis is comprised of four chapters, mainly as Introduction oili@tigy, Data

Analysis and Results & Discussions.

In Chapter 2, some brief explanations of index based insurance am \gith its advantages
and disadvantages against the traditional agricultural insurance., $twee applications of
index-based insurance from all over the world are mentioned. Aftelsyatefinitions of

chosen weather index variables and their relationship between wheatggeddiso included.

In Chapter 3, for each province, wheat yield in 2007 is forecastedimguime series analy-
sis. Then, these results are used to design a simple insurance proeiustfction of weather
index measure. First of all, simple linear regression estimation method is certside de-
signing an insurance contract. Alternatively, linear panel models ackasseell because of
the limited data set. Afterwards, pure premium and indemnity payment calculatensade
under diferent models in 2007. Basis risk comparisons are made unfiieredhit insurance

contracts.

In Chapter 4, main results of this pilot study are summarized. Moreover, terggroblems

of study and possible future works are presented here.



CHAPTER 2

METHODOLOGY

2.1 Weather Index based Drought insurance

2.1.1 A Brief Introduction

Some important abbreviations that will be frequently used in the following sectee de-

fined basically here.

AgroMetShell (AMS) is a model that was built on the plant, air, soil and climata dsed
to calculate the soil water budget of any crop product. Also, it genesaie® significant
parameters related to agricultural production (FAO, 2004) [8]. This tisdiesigned for the
effects of climate conditions on the crop development, and it is a very usefubtpobduce

exact values of parameters that are closely related to crop yield.

Actual Evapotranspiration (ETA) is the process of evaporation andpiation together.
Evapotranspiration (ET) comprises the simultaneous movement of waterthiesoil and
vegetation surfaces into atmosphere through evaporation (E) anditediosp(T) [18]. It

represents the whole water vaporization amount which is used by the gldatgrowing.

Normalized Diference Vegetation Index (NVDI) is a measure of the greenness in disgec
area. Itis calculated from space platform and graphical indicatorstimating the amount

of green vegetation using satellite and radar technology.

Standard Precipitation Index (SPI) is a very well known drought mongotaol in many
countries, developed by McKee in 1993 [26]. The nature of the SPI sllwanalyst to

determine the rarity of a drought or a wet season at a particular time scaeaydocation
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that has a precipitation record.

2.1.2 Fundamentals of Index Insurance

Although the index based insurance products have some problems ablautility and sus-
tainability relative to past experiences, it has gained expressive atteatiently. The focus
will be on basic properties of index insurance with its advantages andvdisades. Index
insurance dters from the traditional approaches in several ways. The most impalitgert

ence between them is that the loss estimates are based on any index vatiasithan on the
loss of each policyholder [2]. The important theoretical beginning to desiagore éective

index based insurance product is determining how the index variablerslated with the
actual value of loss. A commonly used one is the rainfall amount from loeather stations,

but other alternatives should be sought to be used [4].

The biggest advantage of index based insurance is that it is very tsefape with the prob-
lem of moral hazard and adverse selection of traditional insuranceigodFirstly, moral
hazard is a type of asymmetric information in the market. In some cases, thehoddiey
develops an attitude that directlyfects the crop production after purchasing the insurance
product. For instance, they do not use necessary fertilizers andigesti&ince they know
that the crop loss will be compensated. This behavioral response libaviesurer exposed
to higher levels of risk than anticipated when premium rates were calculatedd 1995)
[9]. On the other hand, the weather index variable is ffii@céed by the behavior of the in-
surer, so the index-based insurance overcomes the moral hazblenpr&secondly, adverse
selection is the other type of asymmetric information problem. In the insurandeemar
occurs when potential policyholders have private information abouttiskiexposure that is
not available to the insurer (Rothschild and Stiglitz, 1976) [9]. Howevergtis no asymmet-
ric information between the insurer and the insured about the weathdasdkahdetermine
the loss amount. It helps to avoid the adverse selection problem of the tratliisarance

policies.
Other useful characteristics of modelling threshold based insurandeeclisted as follows
[11],

1. Transparency: Under this type of insurance contracts, farmereasly reach the in-
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formation about the pay outs and this property strengthens the trust adlibghmlder

in the insurer companies.

2. No on-farm loss adjustment. Another important advantage is using ingiceske
calculations for indemnities and premiums rather than the actual loss of a fecaude

on-farm loss adjustment procedure is complex and costly in many develogimgyies.

3. Addressed correlated risks: Index based risk transfer mecharmsgkwell when there

is a correlated risk such as drought.

4. Low operational and transactional costs: They require a lowenseder underwriting
the insurance product, distributing to farmers and settling the claims as agtthst

crop loss.

5. Rapid pay out: Since insurance companies do not determine the crofoiasach
farmland separately, it allows the rapid payment of indemnity in a very shoritines

the claim is reported.

Figure 2.1 illustrates the costftBrences between traditional and index based insurance con-
tracts. The cost of an insurance contract can be basically divided &® plarts as actuarial,
administrative and financial. The index based insurance has priority iretise ©f reducing

the actuarial and administrative costs of a policy according to its advantiagieare men-

tioned above.

Despite its many advantages, it still has some problems in the insurance maviest.if E
the index variable is highly correlated to the actual loss, there will be somenpettibility
between the loss determined by the index value and the real loss of the ptdieytvho will
eventually lead to the most important disadvantage, the basis risk. This misnedizeh
the determined loss and the actual loss can occur in two ways: either therénidemnity
payment according to the insurance designh when the insured faces arlesen if there is
no indicated loss by the proxy chosen, the policyholder receives lgssgrd as a result of

the triggered index measurement in the threshold based model.
The basis risk can be classified basically as [11];

Spatial: It is the most widely known basis risk type coming from local variatinrtke se-

lected index measure. In other words, it results from tfieince in the selected index where



Access to capital

Delivery
Administrative { Loss adjustment
costs
Moral Hazard Access to capital
) Administrative Delivery
Actuarial costs
costs 1 _
Pure risk Actuarial { Pure risk
‘ costs
Traditional Index Based

Figure 2.1: Cost dierences : Traditional versus index based insurance

the crop loss occurs and the location of the station where the weather inchdgutated.

Temporal: This type of basis risk emerges from the importance of loss reccer time
throughout the growing plant. For example; lack of rainfall can harnttfergrowth of the

crop diferently based on its developmental stage.

Product: It occurs when there is no direct relationship between the ysddalad the selected

index, while there are many other factors that can reduce the cropgti@alu

Other important disadvantages of the index based insurance are namieljaivangs;

1. Limited perils : In general, this type of contracts covers one or two pekithough,

there is a reduction in the cost, it may not be #icent risk management.

2. Replication : Weather index based policies require more examining to sebiieet

trigger and limit values for the sustainability of each crop product.

3. Technical capacity and expertise : There is a special need fortexpealesign index-

based insurance productieiently.

4. Lack of weather data : The most important limitation about index basedaimseir
products, particularly in developing countries, is the absence of qualitystorital

and real time weather data.
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2.1.3 How index-based insurance works

This type of policies is modeled by the defined threshold and limit values tHatJaatween
some certain values. These certain values are crucial for calculatinguityepayments.
Consider an index insurance policy which is framed according to the Hdawal at a specific
weather station. When the precipitation amount falls below the defined triggedrdeer a
certain period of time (monthly or seasonally), the indemnity payments start togedine
drought risk of specified crop. If the measurements of the rainfall irsthexv that it is less
than or equal to the limit value for a policy, the maximum payment is made. Figure 2.2

represents basic payment schedule for an index based insuram@etfi].

60,000 - ;
Financial Payout

50,000 (increment per mm)

Average Rainfall

Threshold Rainfall l
O T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110

40,000 - T
Maximum Payout
30,000 -

20,000 1 Long-Term

10,000 -

Indemnity Payments (dollars)

Rainfall (mm)

Figure 2.2: Basic Payment Schedule

In the index based insurance, indemnity payments are equivalent fopeéicyholder who
has the same insurance policy regardless of the actual loss that indacadsvith. Skees et
al. explains that indemnity payment is calculated by multiplying the calculated payaten
by the amount of liability the policyholder has [2]. In addition, the insuramoeyct is based
on an independently verifiable index variable, so it can also be reinsiitags, this allows

insurance companies to transfer part of their risk to international marfktieetly [5].

As a starting point, it is so important to minimize the basis risk while structuring arey typ
of index based policies. For this reason, the first step is analyzing thectand significant
correlation between the loss amount and the index variable carefully. dtiisgeds accurate
data changes for each variable over a long period of time to build ughareet and high

performance contract.
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In some studies, complex crop growth models have been created to deterenimesticritical
periods and rainfall requirements of certain crops to minimize basis riskB2gides the
rainfall amount, the temperature, wind speed, etc. are good candidateandrmex variable
for a policy. There can be complex estimation models for yield by using all imposteather
demands for a crop. Moreover, new weather index variables, thatmealllimportant needs

for a whole growing period, can be created.

In summary, weather-related risks have been devastafiagte on the welfare of the small
holders in the long run even if informal risk management strategies look wibethy the

farmers at first sight. In situations where such a risk is particularly ceant causes rela-
tively infrequent but severe loss for small holders, so where it is vegitured by an easily
measurable index, index insurance would appear to be a very usdffditagsisting farmers

in managing weather-related risk [10].

2.1.4 Background and Brief History

Barrett et al. claim that catastrophic events are important obstacles tinedsiteousehold
wealth accumulation and to the development and availability of financial serwicddwide
[2]. Especially, weather shocks are a major reason for income fluctuadiamly translating
into consumption interruptions and destroying accumulated assets throaghofdimited
consumption [6]. For example, a seasonal drought can have cat@steffpcts on the farms’

productivity.

In general, many developing countries can respond to natural haafsedshey happen in-
stead of paying attention to ex-ante risk management strategies. This focssaalled -
recovery- is a consequence of governments’ limited awareness ofxpsis@re, their gener-
ally weak institutional capacity in disaster risk management, and the often angilkbdlity

of free or inexpensive post-disaster third party financing (Cummins aattu2009) [10].

This type of solutions to the loss related to weather-events, after the adweanst occurred,
are not useful and they are costly for low and middle income countriesising$pect, £orts

to develop the insurance system for a country are so crucial to chamgkethof recovery with
the prevention or mitigation techniques against disasters. Furthermore vikather-related

hazards are insurable principally due to the fact that they are idiosynceasonably i.e.
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they do not occur every year. A strong insurance market for codensl weather risk would
allow state and national governments to spread their risk. Thus, this implemergsapa
and capable response strategiesfiie@ed regions while smoothing public budget outlays

over time [10].

With the financial support of international organizations such as WorlikBtoere are 25
index-based risk coping mechanisms in developing countries [2]. Mdkeaof are insurance
products provide contingent financing for natural disasters. Theefigiy illustrates the in-
crease of interest on this issue by giving the number of pilot index-dasadance contracts

for each year.

2001 2002 2003 2004 2005 2006 2007

Figure 2.3: The number of pilot insurance schemes

Moreover, the figures 2.4 and 2.5 summarize theedint index based insurance policies in
lower income countries all over the world up to year 2007 by giving gérmgriaion about

the type of risk event, measure of index, target profile and their status [2]

In many countries, this type of insurance policy structure was consi@gadst the drought
risk and most of them were based on the rainfall amount as an index fearidbtually, it
is an easy way to select precipitation amount for the proxy of contraceVmwconsidering
impacts of rainfall deficiency on crop yield annually leads to inaccurataltsesFor this
reason, it should be analyzed in depth instead of using the annual atoa@&sign insurance
policy. Monthly or decadal based rainfall data might give a better cadivelaesult and this

offers a more #icient insurance policy.
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Especially, Mexico case has impressive results. This country cov&éd @f its farmland
area in 5 years successfully [2]. The Mexican government weresded at the sustainability
of index-based insurance products by transferring their risks to mtiermal reinsurance mar-
ket. Furthermore, they used a set of index variables to describe theietddor insurance
designing. Such a wide range of predictor set indicates the importancerobsteorrelated

index variable usage in contract designing.

Even if these dterent index-based insurance contracts were operated in many degelop
countries, all of these insurance schemes are ongoing products. i$-oedkon, there is no
definite conclusion about the existing insurance products so far. Meresome of them
were already closed in the market due to the lack of sales. The implementatisioiléar

the index-based insurance policies deserves more detailed examination.

After 2007, the number of index-based insurance contracts was sectead Kenya, Mon-
golia, Benin, Senegal, Burkina Faso, Niger and Togo have added td slob insurance
projects. Insurance coverage exists for fertilizer and seeds alsaria sountries. Espe-
cially, the marketing and distribution is considered in detail in pilot studies. &bent index

insurance projects can be followed in the database of FARM [28].

2.2 Methodology of Modelling

2.2.1 Crop Selection

The world and our country’s population’s nutrition is mostly based on grakmmong the
grains, the wheat is the premier one with 215 million hectare plantation and 628 million
tonnes per annum production [15]. Mizrak points out that only wheatiges nearly 20 %

of world food sources and 30 % of all cereal productions [16].

In this thesis, wheat was chosen as a crop type to design weather ingkx dhaught in-
surance for Central Anatolia Region, the second place that has a wideted area after
Marmara region in Turkey. The economy of the region mostly based onu#tgrie produc-
tion. Also, wheat is the premier crop that most of the farmer's income volatilityrecy

related to its fertility. The equally weighted average of durum and othertwiyyees was used

to get a unique wheat yield value for each province. This mean value s&sta design

16



insurance in this semiarid region.

2.2.2 The concept of Basis Risk

As it was mentioned above, the most important part of the index basedricsurantracts is
using an independent variable that is well correlated to the crop yieldnipisrtant to attract
farmers’ attention while minimizing the basis risk arose from the contract steicis an
example, when the majority of agriculture is rainfed i.e. no irrigation, espediraiyfrican
countries, insurance contracts are designed according to the raiafi! iim general. Unfor-
tunately, rainfall (or any single index variable) is never perfectly dateel with farmer yields
and measurements which are frequently taken at points quite distant frdarrie’s yield.
This results in the problem of basis risk -the imperfect match between theandardividual
farmer outcomes- and that will discourage some farmers from purchtésngroduct [10].
In this thesis, to understand the basis risk concept for provinces dfalé&matolia Region,
alternative index variables were used like AMS outputs, NVDI values agid¢bmbinations
to estimate the wheat yield rather than just using the precipitation amount. Moreowce
the data range is small for AMS outputs and NVDI values, Panel Data Arakese pre-
ferred to establish true casudtects of each predictor on wheat yield. This approach can
be also helpful for reducing some basis risk since it allows regressiaysie with a both
spatial and temporal dimension. The basis risk reductiboiency of diferent index based
insurance schemes were tested by pure premium and indemnity calculatitis. rAssimple
indicator was generated to make basis risk comparison betwferedt insurance contracts.
The other non-weather related basis risk generators like educatioak &fh\farmers, usage

of agricultural production tools etc. were not considered in this study.

2.2.3 Weather Index Selection

Designing an optimal threshold based insurance policy is directly related todsiesuitable
variable to predict the wheat yield. Under this section, AMS outputs, NVMesg AMS-

NVDI combinations and SPI values were explained in detail.

In the past decades, Food and Agricultural Organization (FAO) taveibuted to the method-

ologies on crop water management. The most important tool developed bysXgdoMet-
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Shell (AMS) software providing crop yield monitoring and forecastingisThol allows to
generate estimations for actual evapotranspiration, water excessaeni@fiand water sat-
isfaction index based atfiierent time periods by some calculations on the soil water budget

for a specific crop.

The outputs of AMS software are so noteworthy for early information aitimicrop yield.
The most useful output of it is actual evapotranspiration (ETA) for tkergcrop over dif-
ferent stages of the growth period. Penman-Monteith equation is uséukfoalculation of
ETA, which includes all important weather data i.e. temperature, humidity, ieddsand

sunshine, with the following input variables

1. Water-holding capacity of soil (WHC)

2. Effective rain amount, a percentage value of actual rain for water supplir{Ei.e.

usually 100 % is used)
3. The international identification number of the specific crop (for Wheat)
4. The length of a cycle in dekads i.e. 10 day time period (Cycle)
5. The planting dekad, a value between 1 and 36 (Pldek)

6. Type of irrigation, (Rainfed crop production was considered, $ahmuvalue 0 which

means no irrigation)

7. The height of the bund for irrigated crop (In our study, it is assumatttiere is no

irrigation for wheat production)

8. Crop specific cd@cients for the dterent growth cycle (KCP)

The water balance equation is based on the observations on dekadmfiamg to harvesting
period under the assumption that the soil has a capacity of holding certaimaofovater
(WHC). It is a simple but useful modelling for théects of changes in weather-related vari-
ables on crop yield. The equation (2.1) calculates soil water budgettir @ekad for the

selected crop:

Wa=Wp+ Ra- ETA- (losse$ (2.1)
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where, Wa is the water amount held by the soil, Wp is the water amount holdéx: [spil
at the end of last dekad, Ra is the precipitation amount in terms of millimeter, ETA is th
actual amount of water consumed by the crop (actual evatranspiratiomdsses are resulted

in runat and deep water infiltration by the crop.

The AMS software runs the Penman-Monteith method by using lots of climatic datddiky
precipitation, humidity, wind speed, sunshine, the minimum, maximum and averagerte
ature values and calculate the reference evapotranspiration [18jwaAfts, the crop param-
eters given for wheat in Table 2.1 are also used with the results of wadgebaoalculations
to obtain the actual evapotranspiration (ETA) values.

Table 2.1: Kc values for Wheat

Crop Initial Development Mid-Season Late Season
Wheat Kc values 035 11 1.1 0.25
Stage length(day) 20 25 60 30(135)

AMS algorithm produces many explanatory variables to reveal fileets of climatological
conditions for the crop yield. In this study, water deficiency and actugl@vanspiration val-
ues in four diferent growth stages and cumulative values of them were focused aroié,

water satisfaction index in harvesting period was also considered.
1. WDER where x=1i, v, f, r, t represents the water deficiency for initial, vegetative,
flowering, ripening stages of and the whole growth period respectively.

2. ET A where x=1, v, f, r, t represents actual evapotranspiration for initial, vegetative,

flowering, ripening stages of and the whole growth period respectively.
3. WS |, represents the water satisfaction index for the given crop in harvesting time
Furthermore, some of NVDI values and thefifeets on the wheat yield were studied. These
values were derived from FAO, and some of them were listed here tebdasan alternative

index variable for the wheat yield estimation. The following parameters wemergted by

using Vegetation Analysis in Space and Time (VAST) model.

1. vertis the diterence of NVDI values between the dates when the vegetation start, and

the NVDI reached to its maximum.
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2. eval is the NVDI value after four days then it reached to its maximum.
3. pval is the NVDI value when it reached to its maximum.

4. cum is the sum of NVDI values between the beginning of vegetation arah vth

reached to its maximum.

5. drop is the diterence of pval and eval.

The following alternative index variables were constructed, ratios of AMButs and NVDI
values. Some of them will be good candidates to describe the wheat yielashiraeC&natolia

Region and listed here as,

1. WDEF;,/vertis the water deficiency per NVDI measured as theedence between

the peak and the start of the vegetation in flowering, ripening and whole stagowth.

2. WDER/evalis the total water deficiency per NVDI measured four days after it is

reached to its maximum.

3. WDEF:/pvalis the water deficiency per peak NVDI in flowering and whole stage of

growth.

4. ET A /evalis the actual evapotranspiration per NVDI measured four days after it is

reached to its maximum in ripening stage of growth.

The other alternative for index variable is SPI values fdfedéent time periods. It is a sim-
ple index that is mostly used for drought monitoring. It gives a practical efadetecting
drought seasons by using total cumulative precipitation data for a sple@fieon. Precipita-
tion amount is normalized using a probability distribution with a mean of zero amainea

of one. These normalized values allow to predict the wet and dry seasens specific
time period. When the results of SPI values are lower than zero, it repisebe dry seasons
whereas the values above the zero level indicate the humid air. Calculationdsédtn SPI
values for diferent time steps (the last 1, 3, 6, 9, 12, 24 months) were explained in detail b
McKee and Edwards in 1997 [26]. Intervals for SPI values which ddfie drought event for

any time scale were summarized in Table 2.2 [26].
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Table 2.2: SPI Threshold values

Class Threshold
Extremely Wet  SPH=2.0

Very Wet 1.5<= SPI<=1.99
Moderately Wet 1.6<= SPI<=1.49
Near Normal -0.9%= SPI<=0.99

Moderately Dry -1.0x= SPI<=-1.49
Severely Dry -1.56= SPI<=-1.99
Extremely Dry  SPk=-2

The main purpose is finding the mean value for the selected index varial@adbmprovince.
In the literature, there are ftéerent interpolation techniques, which can be classified as de-
terministic, probabilistic and other methods. Mainly, all interpolation techniqeesdiqi the
value at an unmeasured location by using the known data belonging to itbodiglds. Ac-
cording to the McDonnell and Burrough [27], kriging is the best interpamtemethod when
the data is sparse in geostatistical analysis. It is a kind of probabilistic imd¢igpomethod
and based on the employing distinct semivariogram models. Moreover,itsalidinear
estimate based on the expectation. Also, it considers the variance of tied dpta while
interpolating. Collectively, it can be defined as the best linear unbiasétsunterpolation

method with identical means and minimal variance.

ARCGIS 10 software was used to interpolate $1el'3 values and rainfall for each province
by using the station based data. ThPV' 3 values were calculated based on the last 3 months
total precipitation amount. In this study, Ordinary and Simple Kriging technigithsSpher-

ical, Exponential and Gaussian semivariogram models were considecedsey are widely-
known modellings in the climate data interpolation. ARCGIS 10 permits the optimization fo
the distinct models and it generates the necessary parameters automati@tgst method
was selected according to the nearest Root Mean Square Standaslizedo the value 1.
Afterwards, the mean of the index variable for each province was cédcutzased on the
spatially interpolated surface by using the Zonal Statistics Tool in ARCGISAfi@rwards,

spatially interpolated average values were used to find how it is related tddwet wield.
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2.2.4 Relation between Wheat Yield and Weather Index

Firstly, the annual precipitation amount, commonly used weather index vaitetble world,
does not represent the behavior of wheat yield accurately. Instelad wtal rainfall amount,
the distribution of rainfall should be observed afigets of this distribution on the growth of
wheat after sowing up to harvesting time should be studied in depth. Assunaihgaihfall
amount mostly belongs to the winter, whereas the water need of the grairsdrimghest in
spring season in Konya, the best representative of Central AnatadjmiReln such cases,
the drought impacts on yield can be observed due to inadequate precipiteitiaghout this

period.

In Central Anatolia Region, where the winter grain production is being \igesl, agricul-

tural droughts can occur in two seasons [17].

1. Fall Season Drought is vital since after sowing, the wheat needs taggrminate
vigorously. If drought occurs at the sowing season or consediraatperiod after
sowing like November and December, this leads to no or late germination ofdlls se
[17]. After planting in dry soil or when there is a rainfall just to moisturizegked bed
before sowing and ingficient precipitation falls for a long period, the wheat faces with
a harmful situation called "alatav” in colloquial speech. This type of damagses the

death of wheat.

2. Spring Season Drought occurs between months March and July;ethsl pf time
covers end of tillering, pseudo stem elongation, flowering and grain towmphases

of wheat. In this period, wheat needs water in the highest level, and itsisrsitive.

In general, Central Anatolia is most sensitive to the risk of drought forstiteng months
especially between April and June, i.e. time period when the vegetativelyisviastest
[17]. For this reasors PI'3 values and precipitation amount for months April, May and June
were considered to detect the relationship between the wheat yield in thys Btuthermore,
some of AMS outputs i.eWDEF, WDEF;, ETA, ET A; andWS }, are directly correlated

to yield since they are related weather variables with the most important growmsdiar
wheat production. Moreover, the NVDI values, the ratios of AMS outmith the NVDI

values might indicate strong correlation with the wheat yield.
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2.2.5 Insurance Product Design

Insurance is the most powerful risk management technique againststhiesref uncertain
events. In this study, impacts of drought occurrence on farm’s incoragility were con-

sidered. Brown and Gottlieb clarify that an individual (the insured) cansfier this risk,
or variability of possible outcomes, to an insurance company (the insurexchmange for a
set payment (the premium) by purchasing an insurance policy. Becétise law of large

numbers, the insurer will end up with an average risk that is relatively snwahapared to
the original risk to individual policyholders through careful underwgtand selection [15].
Designing a valuable index based insurance based primarily on caeédation of proxies.
Then, the next step is the financial calculations of insurance contrdet time relationship

between the log yield and index variable.

In this study, Central Anatolia Region’s provinces were chosen to désigx-based insur-
ance policies. The basis risk properties of weather based insurantraats in 2007 was
compared under fferent models and distinct selections of index variable. Moreover, the
feasibility and dficiency of these products were discussed by means of net premium and in-

demnity payments.

In actuarial science, without considering any acquisition and administratists, we can

define the net premium by (2.2)
Net Premium= E[X] + 1.0[X] (2.2)

where, E[X] is the mean or expected value of claim amounts i.e. pure premiurX]

represents the risk loading factor of the insurer, in other words it defireerisk premium.

Pure premium calculations are relied on the multiplication of the indemnification agrun
the given model in our past data and the probability of its occurrence irathele without

considering the risk premium in equation (2.3)

Pure Premiunx E[X] = E[Losse}

= (1/n) ZT
i=1

where n is the number of years i.e. wheat yield data rangerepresents the occurrence

(2.3)

of indemnification in the past data aﬂdrepresents the claim payment of the index based

insurance starts from year 1 to n according to the predicted wheat yield.
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In the index based insurance policies, indemnity payment occurreneadiepn the trigger
or strike level of the weather index variable. For example, if the correlatinween the yield
and the weather data is positive, whenever the index variable falls beldvigher point, the
corresponding policy is resulted in indemnification. In general, the fun¢#af) indicates

the claim amount paid to the policyholder:
I (X) = y.max@S - X, 0) (2.4)

where,1(X) denotes the claim amount that will be paid to the insured in the policy year, S
represents the trigger level or point of the selected index variable, lésepts the observed
weather index data in the policy year apds the size of the index level that quantifies the

indemnity payment.
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CHAPTER 3

DATA ANALYSIS

3.1 Data sources

The wheat yield data for each province in Central Anatolia was deriged the database of
Prime Ministry State Institute of Statistics for years between 1964-2010[580]- Firstly,
there are doubts about the quality of this data even if it was collected frogotrernmental
administration. Furthermore, for provinces Aksaray, Karaman and Kilekkvheat yield
data is missing for time periods 1964-1978 and 1985-1988. For this rei@soa will be no
index-based insurance design for this provinces as it is discussest ¢zt the long term

wheat yield data is so crucial foffecient insurance contracts.

In this study, the alternative index variables for designing a droughtanse product were
generated by AMS software. Because of the limited input data for resukgvid algo-
rithms, it was just calculated for years between 1991 and 2007 corréntlygnge of data is
17). Moreover, NDVI values belonging to the provinces of Centraltélie Region for the
same time period were obtained from the National Oceanic and Atmospheric ithatiion
(NOAA).

The rainfall amount was derived from the Turkish State Meterologicali@ewhich is the

only legal organization for providing all kinds of meteorological informagian Turkey.
Monthly precipitation data for all provinces for years between 195102(ds acquired. Fur-
thermore S PI'3 values of weather stations of each province were obtained by handtisg th
precipitation data for dierent time steps. According to this station based values, the mean
value ofS PI'3 values and precipitation data for provinces were calculated by using thie mo

appropriate spatial interpolation (Kriging models) method.
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3.2 Weather Index Design

3.2.1 Wheat Yield Forecasting

Initially, it is needed a prediction about the wheat yield in 2007 for eackiipce, before
designing any insurance contract. All pure premium and indemnity amoloutiaons will
be based on this wheat yield estimation. One of the most simplest and easytablapiays
of setting an estimation for the next year’s wheat yield is that calculating tiermg-average or
mean value of the recorded yield data for each province. However,dhis Bpproach is not
reliable for the prediction of the wheat yield for 2007. For this reasormx-Bmkins models

were used to forecast the wheat yield value in 2007 in this study.

Basically, any time-series process can be described by the following siqgéion (3.1) or
(3.2)

Y() = LY(t - 1)+ + Bt + €(t) (3.1)

or,

Y() = Y(t=1) = g+ (A - 1).Y(t - 1) + Bt + (t) (3.2)

wheree(t) is the error term, which may have zero mean and varianee?of, A andg are
some appropriate constants, Y(t) represents time series value at yeartrotlesses is given
in the equation (3.1) get fierent names according to thdfdrent values of given values. For

instance, if Y(t) is a function of Y(t-1) andt), then it is called as a random walk.

The most important starting point of analyzing any time-series process isi¢i@tmine
whether the given series has stationary or non-stationary structurgedRen this distinc-

tion, there are dierent estimation techniques and the most proper one was tried to be selected
in this study. For instance, in the equation (3.1);4f1)=0 then given time-series is non-
stationary, i. e. the series contains a unit root. When0 then the series contains trend, and

it should be removed by detrending method before analyzing. But, B tfsue is zero and

(A-1) is different from zero then our series is stationary.

Firstly, the plots of logyield time-series were considered to determine thentiespef wheat

yield data. The following Figures 3.1(a)-3.1(j) represent these plotedoh province and
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they are generated by STATA 9.1 statistical software.
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While analyzing the given logyield time series data, the Box-Jenkins proeésifollowed

step by step. Firstly, increasing trend was removed by detrending metheddb province.

Afterwards, The Augmented Dickey Fuller (ADF) and the Philips-PerieR)(test results

were used to describe the stationarity of given logyield series. The folipwable 3.1 repre-

sents unit root test results for given time series after detrending.

According to the results of table 3.1,fidirencing one time is enough to reject the null hy-
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Figure 3.1: Time series plots for original logyield data

pothesis after detrending. In other words, the logyield time-series dafxdomces were
transformed to stationary after one level oftdiencing. Theoretically, ADF and PP test re-
sults were used to interpret these findings. The following graphs 3322§)-represent these

transformed series:

After discovering the stationarity and non-stationarity properties of thengiegyield time-
series for each province, the wheat yield value in 2007 was estimated. SimglBox-

Jenkins ARIMA processes were used for the wheat yield prediction.

As it explained above, when the given original series was not statiaharfiyst-order dier-

ence process was calculated by the equation (3.3).

X({t) =VY(®) = Y()-Y(t-1) (3.3)
This differencing process continues up to make the original series stationaryis stutly,
first-order diference was enough for all provinces to make the given logyield serigmnsta
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Table 3.1: Unit root test results for stationarity

ADF tests? PP test®

Time series  Level of dierencing t-value McKinnon p-value Z(rho) Z(t)
detrankara 0 -3.043 0.1204 -13.950 -2.893
detrankara 1 -6.453 0.0000 -32.515 -6.875
detrcankiri 0 -2.696 0.2376 -14.766 -2.729
detrcankiri 1 -6.793 0.0000 -39.945 -6.955
detreskisehir 0 -2.446 0.3554 -9.574 -2.264
detreskisehir 1 -6.450 0.0000 -32.694 -6.847
detrkayseri 0 -3.538 0.0355 -16.761 -3.299
detrkayseri 1 -5.291 0.0001 -21.959 -5.451
detrkirsehir 0 -3.175 0.0895 -13.026 -2.941
detrkirsehir 1 -6.667 0.0000 -33.276 -7.238
detrkonya 0 -3.010 0.1294 -15.147 -2.993
detrkonya 1 -5.228 0.0001 -26.470 -5.111
detrnevsehir 0 -2.366 0.3979 -8.273 -2.105
detrnevsehir 1 -6.593 0.0000 -30.216 -7.650
detrngde 0 -3.012 0.1289 -15.189 -2.929
detrngde 1 -5.743 0.0000 -27.678 -5.880
detrsivas 0 -3.906 0.0119 -17.871 -3.664
detrsivas 1 -5.648 0.0000 -26.105 -5.821
detryozgat 0 -2.191 0.4947 -9.283 -2.201
detryozgat 1 -6.804 0.0000 -42.049 -6.864

@ Interpolated DF values for 1% 5% and 10%, whetDds -4.224 -3.532 and -3.199
respectively and when=d is -4.233 -3.536 and -3.202 respectively in ADF test

b Interpolated DF values for 1% 5% and 10%, whet®ds -24.676 -19.192 and -16.416
respectively and when=d is -24.548 -19.116 and -16.368 respectively in PP test

arity. After finding the diferenced process is stationary, the autoregressive moving aver-
age (ARMA) models were used for estimation. Since the transformed segiesused, the
process X(t) defined in (3.4) is called an autoregressive integrated gnavarage process,
ARIMA(p,d,q) where p and g are the degrees of the autoregressi/éhamrmoving average

processes respectively. The value of d represents the leveferfaticing in this definiton.

In general, ARMA(p,q) process can be described by the equation (3.4)

p q
X() = D gMXE-1)+ > o(Je(t - 9) (3.4)
r=1 s=0

whereg andd are appropriate constants and alé® represents white noise for the stationarity

process i.e(t) is a sequence of independent random variables with mean 0 and eai@hc
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The logyield time series became stationary after one levelftéréncing for each province.
For this reason, ARIMA (p,1,q) processes were used to understarukettavior of the lo-
gyield data in 2007. Primarily, the optimum value of order (i.e. the p and q) derdi-
fied by looking at the Autocorrelation function (ACF) and Partial Autoelation function
(PACF) plots. After this selection, the best model for wheat yield estimatieamaade upon
Akaike’s Information Criterion (AIC) and Schwarz’s Bayesian Criter{88C) values. These

information-based criteria techniques can automate the model identificaticesgrd-urther-
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Figure 3.2: Time series plots for detrended logyield data after one levéffefehcing

more, the Adjusted Rsquare and Mean Absolute Error (MAE) paramegzesused for model
validation. Collectively, the minimum the AIC, SBC and MAE values and the maxim@nm th
Adjusted Rsquare, the best prediction equation was derived. Besasesvhilues, also param-
eter estimates for ARIMA processes were reported for the significaingarameters. JMP

7 software used for the ARIMA modelling of the logyield data. Moreover rdsdual plots
resulted in the white noise process for each province under the besteskeocess. For in-
stance, the table 3.2 below summarized the best process for Ankara.RTN&&Amodelling

summary for the remaining provinces were tabulated in Appendix A.

According to the dierent ARIMA(p,1,q) process selection for each province, the wheklt y
value was estimated in 2007. Then, these predictions were compared witttubévaheat
yield for that year. The Table 3.3 reveals the observed wheat yieldséne predicted wheat

yield for each province under ARIMA models.
According to predicted wheat yield value of provinces in 2007, apamt iayseri, all provinces
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Table 3.2: ARIMA process for Ankara

Model Fit Summary

AIC SBC Adj Rsquare MAE
ARIMA(1,1,1) -16.610017 -11.397008 0.57058565 0.14297685
CoHf. Lag# Estimates Std Error t ratio Proli|
AR1 1 -0.5913458 0.1561576 -3.79 0.0005*
MA1 1 -0.9294278 0.0796528 -11.67 < 0.000%
Intercept 0 0.0173589 0.0341333 0.51 0.6139

*: Correlation is significant at the 0.05 level
Constant estimation is 0.02762398

Table 3.3: Observed versus Predicted Wheat Yield in 2007

Province TS process Observed yielthél) Forecasted yield/(ta)

Ankara ARIMA (1,1,1) 1.211 2.333
Cankin  ARIMA (1,1,1) 1.202 1.806
Eskisehir ARIMA (2,1,2) 1.860 2.053
Kayseri ARIMA (2,1,1) 1.614 1.599
Kirsehir  ARIMA (1,1,1) 1.503 2.268
Konya ARIMA (1,1,2) 1.646 2.436
Nevsehir ARIMA (2,1,0) 1.445 2.000
Nigde  ARIMA (1,1,1) 1.415 1.645
Sivas  ARIMA (2,1,1) 1.282 1.506
Yozgat ARIMA (1,1,1) 1.739 2.219

faced with a drastic yield decline in this year if the observed and forecgatketwas com-
pared relying on the past data. In this respect, index based droughdricge contracts can
respond to that yield reduction according to the selected of index varidible.following
two sections will be related to the selection of the index variable and the u$agsiraple

regression modelling for the given index variable to design alternativedanse policies.

3.2.2 Index Selection

In this section, the correlation between the logyield and weather index \emialas con-
sidered for each province. The correlation power of the each alteenatlex variable for
distinct provinces was tested by SPSS software. Firstly, the results afrfBae’s rank corre-
lation (i. e. Spearman’s rho) for the AMS software predictors and NCAHles were shown

in following Tables 3.4-3.6.
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Table 3.4: Correlation between logyield and WDEF values

Province WDEF WDEF,

WDEF; WDEFR WDER

Ankara
Cankiri
Eskisehir
Kayseri
Kirsehir
Konya
Nevsehir
Nigde
Sivas
Yozgat

-0.075
0.078

-0.120
-0.188
-0.230
-0.350
-0.129
-0.167
-0.032
-0.017

-0.310
-0.102

-0.357
-0.026
-0.224

-0.256

-0.408

-0.706** -0.635** -0.659**
-0.635** -0.575*  -0.605*
-0.153 -0.227 -0.224
-0.084 -0.445 -0.408
0.035 -0.266 -0.246
-0.482 -0.600*  -0.650**

-0.451 -0.536*  -0.536*

-0.527*  -0.553* -0.586*

-0.506* -0.276 -0.291

-0.477 -0.401 -0.418

*: Correlation is significant at the 0.05 level
**: Correlation is significant at the 0.01 level

Table 3.5: Correlation between logyield and ETA & WSI values

Province ETA ETA, ETAr ETA ETA WS}
Ankara 0.172 0.179 -0.092 0.583* 0.603* 0.691**
Cankin  0.374 -0.060 -0.206 0.617** 0.602 0.621*
Eskisehir 0.378 0.139 -0.031 0.094 0.255 0.230
Kayseri -0.098 -0.280 -0.203 0.412 0.318 0.409
Kirgsehir  0.250 0.352 -0.345 0.237 0.363 0.246
Konya 0.066 0.172 0.049 0.591* 0.554* 0.662**
Nevsehir -0.064 0.246 -0.248 0.490* 0.475 0.535*
Nigde -0.362 0.118 0.458 0.552* 0.597* 0.584*
Sivas -0.187 -0.135 0.455 0.342 0.438 0.314
Yozgat -0.123 0.141 -0.292 0.504* 0.407 0.417

* . Correlation is significant at the 0.05 level
**: Correlation is significant at the 0.01 level

It was also considered the correlation power of the new index varialglesrgted by the

combination of AMS outputs and NDVI values. Especially, the new drougtlitators were

defined in section 2, which are the ratios of AMS outputs and NVDI valubs. Tables 3.7-

3.8 shows the correlation power results of these alternative index vari@boleach province.

Furthermore, the relationship betwe8l'3 values and rainfall amount in April, May, June

and the wheat yield were also figured on in this study. The selections obthe anonths

were based on the drought sensitivity of the wheat in Central Anatolid wias said earlier

in section 2, these months are the most important time periods for the wheatfioodin

this semiarid areaS PI'3 values for the selected months might help to reveal the short term
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Table 3.6: Correlation between logyield and NVDI values

Province vert eval pval cum drop
Ankara 0.514* 0.503* 0.689** 0.260 0.115
Cankinn  0.319 0.354 0.378 0.401 0.217

Eskisehir 0.400 0.629** 0.609** 0.006 0.262
Kayseri -0.232 -0.145 -0.225 0.069 -0.336
Kirsehir ~ 0.013 0.194 0.189 0.253 -0.168

Konya 0.312 0.172 0.383 0.163 -0.086

Nevsehir  0.166 0.123 0.194 0.211 -0.101

Nigde 0.241 0.173 0.266 -0.067 0.241
Sivas 0.075 -0.295 0.028 0.309 -0.071
Yozgat 0.198 -0.052 0.012 0.118 -0.044

*: Correlation is significant at the 0.05 level
**: Correlation is significant at the 0.01 level

Table 3.7: Correlation between logyield and the ratios of WDEF and NVDleglu

Province WDEF;/vert WDER/eval WDEFR/pval WDEF/vert WDEF/eval
Ankara -0.711** -0.625** -0.685** -0.887** -0.684**
Cankiri -0.687** -0.636** -0.636** -0.735** -0.477
Eskisehir -0.153 -0.153 -0.153 -0.430 -0.291
Kayseri -0.076 -0.108 -0.075 -0.386 -0.464
Kirsehir 0.035 0.035 0.035 -0.323 -0.282
Konya -0.549* 0.417 -0.456 -0.652** -0.667**
Nevsehir -0.451 -0.291 -0.451 -0.673** -0.646**
Nigde -0.594* -0.586* -0.594* -0.669** -0.693**
Sivas -0.509* -0.319 -0.509* -0.319 -0.304
Yozgat -0.477 -0.370 -0.477 -0.500* -0.404
Province WDEFR/pval WDEFR/vert WDEFR/eval WDEF/pval
Ankara -0.721** -0.885** -0.689** -0.738**
Cankirl -0.641** -0.739** -0.636** -0.641**
Eskisehir -0.419 -0.430 -0.221 -0.357
Kayseri -0.432 -0.379 -0.525* -0.422
Kirsehir -0.283 -0.280 -0.270 -0.235
Konya -0.691** -0.804** -0.647** -0.723**
Nevsehir -0.646** -0.661** -0.639** -0.639**
Nigde -0.692** -0.709** -0.717** -0.751**
Sivas -0.346 -0.313 -0.343 -0.296
Yozgat -0.434 -0.495* -0.424 -0.434

*: Correlation is significant at the 0.05 level
** . Correlation is significant at the 0.01 level

drought impact on the wheat yield. Also, monthly precipitation was considastead of the

annual rainfall amount. The following Table 3.9 summarizes results of thhelation power
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Table 3.8: Correlation between logyield and the ratios of ETA and NVDI walue

Province ETA/vert ETA/eval ETA/pval ETA/vert ETA/eval ETA/pval

Ankara 0.154 0.485* 0.424 -0.216 -0.098 -0.076
Cankir 0.222 0.526* 0.427 -0.021 0.309 0.125
Eskisehir -0.096 -0.058 -0.093 -0.228 -0.120 -0.189
Kayseri 0.303 0.331 0.299 0.335 0.221 0.338
Kirsehir 0.177 0.148 0.243 0.107 0.029 0.181
Konya 0.206 0.502* 0.419 -0.176 0.292 0.005
Nevsehir 0.218 0.272 0.279 0.071 0.115 0.137
Nigde 0.359 0.404 0.381 0.200 0.295 0.309

Sivas 0.058 0.103 0.037 0.167 0.389 0.177
Yozgat 0.309 0.549* 0.385 0.186 0.387 0.301

*: Correlation is significant at the 0.05 level

of these index variables. TI®Pl34, S PI3s5, S PI'35 andP4, Ps, Pg in Table 3.9 represents

the S PY'3 values and rainfall amounts for months April, May and June respectively

Table 3.9: Correlation between logyield and SPI'3 values & Precipitation atnou

Province SPl’34 SP|’35 SP|’35 P4 P5 PG

Ankara  0.149 0.165 0.214 0.426* -0.037 -0.042
Cankiri 0.163 0.283 0.210 0.426** 0.445** 0.250
Eskisehir  0.024  0.014 0.132 0.302 0.047 0.005
Kayseri -0.060 0.092 0.111 0.055 0.160 0.191
Kirsehir ~ 0.020  0.237 0.352* 0.351* 0.222 0.183
Konya 0.156 0.213 0.335* 0.470* 0.101 0.170
Nevsehir 0.032  0.127 0.252 0.222 0.215 0.300
Nigde 0.231 0.168 0.189 0.228 0.003 0.124
Sivas -0.036 0.058 0.162 -0.032 0.138 0.318*
Yozgat -0.057 0.115 0.174 0.403* 0.287 0.289

* . Correlation is significant at the 0.05 level
**: Correlation is significant at the 0.01 level

From each table, the most significant index variables were selected. flke3ta0 repre-
sented here denotes the most significant index variable for each peovihis selection will
be used in the following section to identify the relationship between logyield anslected

index variable.

As in the Table 3.10, it is observed that the most correlated index variatded BE F;,
WDER, ETA, ETA andWS |, and its ratios with NVDI values for many provinces. More-

over, the precipitation in April, May and June can be used alternativelgdore provinces.
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Table 3.10: Index summary for provinces

Province Table3.4 Table3.5 Table3.6 Table3.7 Table3.8  Table3.9
Ankara WDEF; ETA WS}, WDEF /vert ETA/eval P
pval

Cankin  WDEF ETA, NI WDER/vert ETA/eval R
WS},

Eskisehir NI NI eval NI NI NI

Kayseri NI NI NI WDER/eval NI NI

Kirsehir NI NI NI NI NI P,

Konya WDER ETA, NI WDER/vert ETA/eval P
WS},

Nevsehir WDEFR, ETA, NI WDEFR /vert NI NI
WDER WS},

Nigde WDER ETA, NI WDER/pval NI NI
WS},

Sivas WDEF; NI NI WDEFs /vert, NI Ps

Wdef/pval
Yozgat NI ETA NI WDEF /vert NI Pa

NI : There is no correlated index variable significantly under the seleciéel ta

However, there was only one significant index variable for the progiftskisehir, Kayseri

and Kirsehir which were evaly DE R /evalandP,4 respectively.

3.2.3 Regression between wheat yield and selected index

In the previous step, how these index variables describe the wheat giedééh province

was revealed based on Spearman’s correlation. The relationship betveeeather index
variable and wheat yield presented above will be used for designingaraimce contract. For
simplicity, linear regression equations were choosen to calculate the triggés fer index
variables. The selection of the most appropriate prediction equation hasiased on the
minimum Root Mean Square Error (RMSE) and the maximum Adjusted R-squareover,

the significancy of the cdicient parameters for the selected predictors were stated. Stata 9.1

Statistical software was used to summarize the results of regression ficilopeovince.
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For Ankara, WDEF;, ETA, WS}, pval, WDEF /vert, ET A /evaland P4 were the most
correlated index variables with the wheat yield. The linear regressiasfitts were given in
Table 3.11

Table 3.11: Linear regression fit results for Ankara

Index Adj. R-square RMS value >Rt|

WDEF; 0.4300 0.1352 0.003
ETA 0.3779 0.14125  0.007
pval 0.3759 0.14147  0.007
WS 0.4452 0.13339  0.003

WDEF /vert 0.6682 0.10315 0.000
ETA /eval 0.2233 0.15782  0.037
P4 0.1663 0.22296  0.004

The numerical results of regression fit in the Table 3.11 denote thatssegnefit results for
all index variables were significant, but some of them were better. FongeaW DEF /vert

was the best index variable according to the given parameters. All théxe wariables will
be used to design alternative insurance contracts eXcepf/evalandP4 since their linear
fit results were poorer than the others. The Figures 3.3(a)-3.3(e) suzertiaear fit plots for

these regressions.
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Figure 3.3: Linear fit plots for Ankara

For Cankir, WDEF;, ETA, WS}, WDER/vert, ET A /evaland Ps were the most corre-
lated index variables with the wheat yield. The linear regression fit resats given in Table
3.12.

Table 3.12: Linear regression fit results for Cankiri

Index Adj. R-square RMS value >Rt|

WDEF; 0.1315 0.18859  0.092
ETA 0.1801 0.18323  0.057
WS} 0.1075 0.19118 0.116

WDER/vert 0.1980 0.18123  0.048
ETA /eval 0.0700 0.19515  0.167
Ps 0.1530 0.28047  0.006

The numerical results of regression fitin the Table 3.12 denote that am®irgigx variables,
only WDER /vertcan be accepted even if the significancy was much lower than Ankara. The

linear regression estimation for this index variable will be used to design araimse contract
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for Cankiri. The Figures 3.4(a) summarize linear fit plot for this regoass
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Figure 3.4: Linear fit plots for Cankiri

For Eskisehir, just eval was the most correlated index variable with tieatyleld. The linear

regression fit result was given in Table 3.13.

Table 3.13: Linear regression fit results for Eskisehir

Index Adj. R-square RMS value >Rt
eval -0.0514 0.12146 0.614

The numerical results of regression fit in the Table 3.13 denote thatssgnefit result for
index variable eval was very poor so linear model was not suitable kis&sr under this
index variable. Because of this poor linear fit result, there will be no amste contract for

this province under linear regression approach.

For Kayseri, jusWWDER /evalwas the most correlated index variable with the wheat yield.

The linear regression fit result was given in Table 3.14.

Table 3.14: Linear regression fit results for Kayseri

Index Adj. R-square RMS value >Rt
WDER/eval 0.3180 0.09717  0.013

The numerical results of regression fit in the Table 3.14 denote\WHAEFR /eval give a
significant result under regression fit but the parameter values wagond as the case of

Ankara. However, linear regression estimation for this index variable wilided to design
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an insurance contract for Kayseri. The Figures 3.5(a) summarize fihg@ot for the given

regression.
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Figure 3.5: Linear fit plots for Kayseri

For Kirsehir, justP4 was the most correlated index variable with the wheat yield. The linear

regression fit result was given in Table 3.15.

Table 3.15: Linear regression fit results for Kirsehir

Index Adj. R-square RMS value >Rt
Py -0.0159 0.24981 0.561

The numerical results of regression fit in the Table 3.15 denote thatssegnefit results for
the index variabld®; was very poor so linear model was not suitable for Kirgehir under this
index variables. Because of this poor linear fit result, there will be noamse contract for

this province under linear regression approach.
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For KonyaWDER, ETA,WS |, WDER/vert, ET A /evalandP, were the most correlated

index variables with the wheat yield. The linear regression fit results gieea in Table 3.16.

Table 3.16: Linear regression fit results for Konya

Index Adj. R-square RMS value >Rt
WDER 0.5272 0.11904  0.001
ETA 0.3867 0.13557  0.006
WS} 0.5437 0.11694  0.001
WDER/vert 0.6558 0.10157 0.000
ETA /eval 0.3040 0.14443 0.016
Py 0.1867 0.26123  0.002

The numerical results of regression fit in the Table 3.16 denote thatssegnefit results for
all index variables were significant, but some of them were betteMik2ER /vert, WS |,
andWDER. All these index variables will be used to design alternative insurandeaas

for Konya excepP;, since its linear fit result was poorer than the others . The Figures 3.6(a)-

3.6(e) summarize linear fit plots for these regressions.
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Figure 3.6: Linear fit plots for Konya

For NevsehirWDER, WDER, ETA, WS |, WDEFR /vertwere the most correlated index

variables with the wheat yield. The linear regression fit results were givéable 3.17

Table 3.17: Linear regression fit results for Nevsehir

Index Adj. R-square RMS value >Rt|

WDEF 0.5461 0.07969  0.001
WDER 0.5398 0.08024  0.001
ETA 0.4417 0.08838  0.003
WSH 0.5487 0.07947  0.001
WDEF /vert 0.5580 0.07864  0.001

The numerical results of regression fit in the Table 3.17 denote thatssegnefit results for
all index variables are significant, but some of them were betterW.BEF /vert was the

best one. All these index variables will be used to design alternativeainsgircontracts for
Nevsehir exceptV DER since it was almost the sameWWEDEFR. The Figures 3.7(a)-3.7(d)

summarize linear fit plots for these regressions.
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Figure 3.7: Linear fit plots for Nevsehir

For Nigde, WDER, ET A, WS}, andW DER/pval were the most correlated index variables

with the wheat yield. The linear regression fit results were given in Talk 3

Table 3.18: Linear regression fit results foighe

Index Adj. R-square RMS value >Rft|

WDER 0.4615 0.08965  0.002
ETA 0.3270 0.10023  0.012
WSH 0.4019 0.09448  0.005

WDER/pval 0.4756 0.08847  0.002

The numerical results of regression fit in the Table 3.18 denote thatsségnefit results for
all index variables were significant, but some of them were betteMIBE R /pval was the
best one. All these index variables will be used to design alternativeainseircontracts for

Nigde. The Figures 3.8(a)-3.8(d) summarize linear fit plots for thesessgres.
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Figure 3.8: Linear fit plots for Njde

For Sivas,WDEF;, WDEF;/vert, WDEF;/pval and Pg were the most correlated index

variables with the wheat yield. The linear regression fit results were givéable 3.19

Table 3.19: Linear regression fit results for Sivas

Index Adj. R-square RMS value >Rt|
WDEF¢ 0.7260 0.08069  0.000
WDEF; /vert 0.7459 0.0777 0.000
WDEF;/pval 0.7371 0.07904  0.000
Ps 0.0491 0.33036  0.083

The numerical results of regression fit in the Table 3.19 denote thatssegnefit results for
all index variables were significant excdfy. All these index variables will be used to design
alternative insurance contracts for Sivas exdepsince its linear fit result was poorer than

the others. The Figures 3.9(a)-3.9(c) summarize linear fit plots for tegsessions.
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Figure 3.9: Linear fit plots for Sivas

For Yozgat,ET A, WDEFR /vert and P4 were the most correlated index variables with the

wheat yield. The linear regression fit results were given in Table 3.20.

Table 3.20: Linear regression fit results for Yozgat

Index Adj. R-square RMS value >Rt

ETA 0.2509 0.15603  0.028
WDEF /vert 0.2376 0.15741  0.032
P4 0.1610 0.25353  0.004

The numerical results of regression fit in the Table 3.20 denote thatssegnefit results for
all index variables can be accepted apart filem but the significancy of them were lesser.
The index variableE T A andWDEF; /vertwill be used to design alternative insurance con-

tracts for Yozgat even if they do not have so much significancy. Ther&sgsL10(a)-3.10(b)

summarize linear fit plots for these regressions.
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Figure 3.10: Linear fit plots for Yozgat

The following Table 3.21 summarizes alternative linear prediction models of hleatwyield
for all provinces.
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Table 3.21: Linear Fit Selection for provinces

Province

Linear fit equation

Ankara

-0.01199184NVDEF + 0.8000297
0.0032436ET A - 0.3059467
0.0104401WS | -0.111148
0.0083535*pval - 0.4796559

-0.2184799WDEF /vert+ 0.9829972

Cankiri

-0.1730209% DER /vert + 0.7358953

Kayseri

-0.1171359NDEFR/eval+ 0.6681247

Konya

-0.0034352WDEFR + 0.9917338
0.0048794ETA + 0.2246093
0.0160108WS |, - 0.5708398

-0.2034786WDER/vert+ 1.005281
0.4403745ET A /eval+ 0.2691891

Nevsehir

-0.002265WDEF + 0.7873841
0.0024844ETA + 0.4223687
0.0083101WS |, - 0.041132
-0.1362573WDEF /vert+ 0.7876893

Nigde

-0.001603MWDEFR + 0.7904473
0.0016107ETA + 0.0888489
0.0070835WS |, + 0.0838149

-0.1948883WDER/pval + 0.7945301

Sivas

-0.0113422¥DEF; + 0.4090986
-0.7379142W DEF; /vert + 0.4071058
-1.512743"WDEF; /pval + 0.4083332

Yozgat

0.0032557ET A + 0.2419648
-0.2027838WDEF /vert+ 0.7127003
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3.2.4 Discussions

Firstly, different ARIMA processes were used for wheat yield prediction of @aohince.
The data range was enough for this analysis and then model performaretested by using
some important parameters. The more complicated forecast methods can givaatuarate
results to design insurance product. In this study, one of the simplest time pesiEesses
was preferred to predict yield for 2007. Moreover, no obvious gécibehavior was detected
for logyield data of each province, so the seasonalifgat, i.e. periodic fluctuations, was
not considered. However, for further studies, the wheat yield estimaticst be studied in
detailed, since it deserves special attention to increase the capability wfiaded insurance

policies.

As it was mentioned above, while modelling the wheat yield and weather indekysitwgas
observed that there was no proper index variable for provincesdtskend Kirsehir because

of the poor correlation power. Moreover, linear model under the seléotiex variable was

not suitable for this provinces. For the remaining provinces, it was cdadlthat distinct
linear models were possible for the selected index variables. Especiallg, @&lputs were
most correlated predictors with the wheat yield. As a result, thieiency of these linear
models will be tested by calculating the premium and indemnity amounts in the following
sections. However, the data range for AMS outputs and NDVI values liraited so the
correlation cofficients might be superior for this study. For this reason, the panel data&naly

was also considered to identify the reffleets of index variables on the wheat yield.

Contrary to the higher correlation power of AMS outputs and its combination MRN|
values,S PI'3 values and precipitation amounts were not so correlated with the wheat yield
in April, May and June. Even if the data range was large enough, thiksrelgdinot meet our
expectations. The first reason for this unsatisfactory conclusioneagldted to missing data

for S PI'3 values and precipitation amounts at some weather stations. As a secand reas
the spatially interpolated mean value of these values for each province neighhdequate

to explore the correct relationship with the wheat yield.

The most important part then, before going further for insurance detig feasibility of
linear regression modelling should be interpreted carefully. The assurstidhe ordinary

least squares (OLS) method cannot be violated, i.e. there must be nosoatigtthe vari-
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ance of error terms must be constant (homoscedastic variables). Otnéndvand, for some
provinces, when the residual versus fitted values plots were condjdbere seems to be
some abnormal points. However, these abnormalities cannot be deteetbéthsr it is an
outlier or random error because of the limited data size in this study. Margbeee might

be some possible heteroscedasticity and some points could be influential @gytbgsion
results. To overcome these important problems, alternative regressiaismeight be used
instead of usual Ordinary Least Square (OLS) method. For instawd Regression fit
might be more suitable for the province Sivas because of the dispersitataopoints. How-
ever, such problems were not studied yet in this study. Certainly, swdhepns should be
solved carefully to increase théfieiency of the index based insurance products for future

works.

3.3 Panel Data Analysis Approach

3.3.1 A Short Overview

In this section, the repeated cross sectional time-series of logyield vateusative index
variables were analyzed for Central Anatolia region because of the lim#eds®t. The
primary reason for the choice of panel data analysis was to interpretatislc&ects of
index variables on wheat yield. Surely, panel data analysis endowessign analysis with
both a spatial and temporal dimension [14]. On this account, the usage oidtti®d while
studying the behavior of the wheat yield can be beneficial for reducasistrisk for the

implementation of drought insurance.

As a brief introduction, general benefits of panel data approacheéstéd as follows [12].

Estimations of this method is more accurate since it permits multicollinearity and auto-

correlation lesser, variability and degrees of freedom more.

It is capable of taking into account of certain individual heterogeneitieitevgiving

information about events.

It allows for econometric analysis when there are short and inadequatediies.

This method provides estimations with controlled individual unobservedduzeeity.

49



Table 3.22: Panel Data Set Structure

Province Year Ilogyield WDEFR ETA
Ankara 1991 0.895 26 126.7
Ankara 1992 0.388 80.5 76.5

Ankara 2006 0.825 78 87.4
Cankirni 1991 0.661 8 138
Cankin 1992 0.032 40.7 101

Cankiri 2006 0.532 109.7 59.7

Yozgat 2006 0.691 56 107.3

The last benefit is especially useful because of the fact that unausketerogeneity is the

biggest problem of non-experimental research [12].

In this study, linear panel models were studied to understand the behafitberwheat yield
series of provinces over time as repeated observations. The alterimatése variables in
Table 3.10 in 3.2.2 were selected to study théfie@s on the wheat yield. The panel data set
was balanced since it was a set of collection of 10 provinces with same evgettameters
collected for 16 years annually, i. e. it was pooled data that includesidgheations without
any missing values. Generally, panel data structure defined by the faj @equential blocks

of data in literature.

The well known types of panel models are FixefieEts (FE) and Randomfiects (RE)
model. These dierent models are basically linear panel estimations for the outcome variable
by using a set of explanatory variables. They are used to explore ldt@nship between

the predictor and the response variable within an entity [20]. These modedsoonsidered
while analyzing the fects of variables that are changing over time. Linear panel regressions
based on similar assumptions almost but they uSerént individual &ects modelling. The
more precisely, these modeldtdr in how they captured the unobserved heterogeneity of

individuals.

The fixed éfect (FE) model assumes that the individuieet is captured by only intercept

term in the linear panel model. In other words, while analyzing how predietoables influ-
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ence the response variable, individual characteristics are explayeddwvn intercepts with

the constant slope cficients. It is also called as the Least Square Dummy Variable estima-
tor (LSDV) since it assigns a dummy variable for each individual in the mddeteover, it

is beneficial for the predictor’s neftfect since it removes time-invariant properties of every

individual. In general, the fixedf®ect model has an equation;

Yit = B.Xit + @i + €, 6t = i + Vi, andu; = 0 (3.5)

whereq; is the unknown intercept for each entitf, represents the outcome valug, is the

predictor variabless is the codficient of Xi; ande;; is the error term for the given model.

There is an important restriction for the FE models. There must be someeshamyj; to
identify the dfect of given predictors on the variation of response variable. Namedwlyf
few observations represent changeXjnit makes dificult to estimate the outcome [12]. In
this study, among the most correlated predict?v® EF;, WDEF; /vertandWDEF; / pval
variables have very small variations and most of the time their values aree8e finedictors

were not used for panel analysis because of their impractical olusealiges.

Unlike the Fixed Hect (FE) model estimation, the logic behind the Randoffied (RE)
models is that the individual heterogeneity is identified by the its own interoepd @aandom
component. It has an advantage that tffeat of time invariant factors can be considered in
RE models, absorbed by the intercept values in FE models. The equatiapB8ants the
Random Hect (RE) estimation method basically [20].

Yit = Bi- Xit + @ + €, 6t = pi + Vi, (3.6)

wherea is the constant intercept for each entity, represents the outcome valug; is the
predictor variablesp; is the codicient of X, uj is the entity-specific error and; is the

idiosyncratic error.

Actually, y; is the same for both models, it captures the individdBgdas. However, it is
assumed to be fixed in the FE models whereas it is stochastic and distribute & thedels.
Similarly, individual characteristic are not correlated with the error terhwith the regressor
in the FE models and vice versa for RE models. The following graphs 3.12,aBd 3.13

basically represent theftierences between the models stated above.
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Figure 3.11: Varying Intercept Models

froup &

Figure 3.12: Varying Slope Models

In this pilot study, these important techniques of panel data analysis wetkta observe

the casual impacts of our independent variables on the wheat yield. iRy these dierent
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Group €

Figure 3.13: Varying Slope and Intercept Models

models, alternative wheat yield estimators were derived for province®mir& Anatolia
Region. These obtained linear models will be also used to design insuramicaats for this

region.

3.3.2 FE and RE Estimation Results

In this study, the FE and RE models with one predictor variable were used tohgat
yield prediction equations. Since the explanatory variable data set wengosed of AMS
outputs and its derivatives, there exists multicollinearity problem related te tireslictors.
For this reason, the usage of multiple panel regression under FE and B&smeere not
meaningful. The comparison for FE and RE models were investigated in Rraythe Imer
function contained in the Ime4 package. FE with individual intercept modelsR&nwith
individual intercept and slope models were compared and the best madedelected for
each province. Finally, alternative linear equations were derivedéontieat yield prediction
for each province under panel data approach. R-code for lineeal paodel fitting and the

output example for a predictor variable was listed in Appendix B.
According to the results of linear panel model fitting, the value of the cdivelaf FE model
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gives the collinearity between the explanatory variables and error terrhen \ttiis value is
higher than especially 0.8 or less than -0.8, there might be multicollinearity pnabl¢he
the linear model. Besides this correlation, t-value for the intercepts anitfmedshould
lie outside of the interval (-1.96 , 1.96) for the significance of theffocient of parameters.
Moreover, anova test between these two specified models identify the cagicdi of the
random co#icients for the predictor variables in the individual intercept and slope Riemo
If the Pr(Chisq)> 0.05 ( % 95 Confidence interval) it fails to reject the null hypothddis,
= The codficients of extra parameter are all zero. In other words, adding ranidpessin the
model resulted in small variations in the response variable, this means thattHBEdividual
intercept models should be preferred. The following Table 3.23 summahee®sults of

these values for each index variable.

Table 3.23: Important Parameters for the model selection

Correlation of index t-value Anova Test
Index Measure FE model RE model FE model RE model PrGh{sq)
WDEFR -0.412 -0.009 -7.36 -6.662 0.3697
WDER -0.381 -0.011 -8.337 -7.569 0.4389
ETA -0.593 -0.848 7.219 6.353 0.2871
ETA -0.906 -0.927 7.588 7.255 0.8879
WS}, -0.871 -0.932 8.328 7.663 0.4751
eval -0.790 -0.740 -0884 -0.862 0.6355
pval -0.960 -0.976 3.411 2.173 0.2716
WDEF /vert -0.375 -0.109 -8.341 -6.574 0.2167
WDER/vert -0.342 -0.116 -9.518 -7.409 0.2826
WDER/eval -0.378 -0.014 -8.414 -7.693 0.4843
WDER/pval -0.367 -0.110 -9.03 -7.886 0.5582
ETA /eval -0.615 -0.893 6.621 5.466 0.1245

The results of Table 3.23 show that the fiméents of all parameters apart froeval value
were significant for both models. However, the varialid&dsA, WS |, and pval had multi-
collinearity problems for both models so these predictors were not use¢lefavheat yield
modelling under panel approach. Furthermore, anova test results imgdiecttdom slope
models are not necessary since theficoents of extra parameters were not significant in the
model for all index variables. In other words, most random slopesridliptor parameters
are almost zero while the intercepts are varying from one province toem®tbr this reason,

FE with individual intercept models were used to derive alternative estinsdimoprovinces.
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intercept models for all predictor variables to describe the wheat yield.

Table 3.24: Panel model results for each province (1)

The following Tables 3.24 and 3.25 shows the estimation for the FE with progipeeific

Codficient Provinces
Estimations Ankara Cankirl Eskisehir Kayseri Kirsehir
WDEFR -0.0017988 -0.0017988 -0.0017988 -0.0017988 -0.0017988
Intercept 0.8481 0.7150 0.9305 0.7278 0.8309
WDER -0.0017251 -0.0017251 -0.0017251 -0.0017251 -0.0017251
Intercept 0.8568 0.7136 0.9307 0.7361 0.8351
ETA 0.0021754 0.0021754 0.0021754 0.0021754 0.0021754
Intercept 0.4891 0.3836 0.5858 0.3825 0.4653
WDEFR /vert -0.12543 -0.12543 -0.12543 -0.12543 -0.12543
Intercept 0.8611 0.7047 0.9593 0.7371 0.8459
WDER/vert -0.11970 -0.11970 -0.11970 -0.11970 -0.11970
Intercept 0.8693 0.7029 0.9580 0.7449 0.8488
WDER/eval -0.17634 -0.17634 -0.17634 -0.17634 -0.17634
Intercept 0.8601 0.7063 0.9239 0.7400 0.8314
WDER/pval -0.24723 -0.24723 -0.24723 -0.24723 -0.24723
Intercept 0.8620 0.7093 0.9366 0.7523 0.8387
ETA /eval 0.21690 0.21690 0.21690 0.21690 0.21690
Intercept 0.4962 0.4114 0.5990 0.3779 0.4745
Table 3.25: Panel model results for each province (2)
Codficient Provinces
Estimations Konya Nevsehir Bde Sivas Yozgat
WDEFR -0.0017988 -0.0017988 -0.0017988 -0.0017988 -0.0017988
Intercept 0.8134 0.7684 0.7978 0.4858 0.6797
WDER -0.0017251 -0.0017251 -0.0017251 -0.0017251 -0.0017251
Intercept 0.8285 0.7687 0.8045 0.4891 0.6816
ETA 0.0021754 0.0021754 0.0021754 0.0021754 0.0021754
Intercept 0.4684 0.4539 0.4298 0.1484 0.3627
WDEF /vert -0.12543 -0.12543 -0.12543 -0.12543 -0.12543
Intercept 0.8479 0.7805 0.8710 0.4809 0.6724
WDER/vert -0.11970 -0.11970 -0.11970 -0.11970 -0.11970
Intercept 0.8642 0.7802 0.8784 0.4838 0.6735
WDER/eval -0.17634 -0.17634 -0.17634 -0.17634 -0.17634
Intercept 0.8322 0.7743 0.8182 0.4887 0.6774
WDER/pval -0.24723 -0.24723 -0.24723 -0.24723 -0.24723
Intercept 0.8404 0.7760 0.8505 0.4926 0.6781
ETA /eval 0.21690 0.21690 0.21690 0.21690 0.21690
Intercept 0.4697 0.4457 0.4217 0.1586 0.3829
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3.4 Index-based Insurance Contract Design

In this section, the weather index based drought insurance contragiofinces of Central
Anatolia Region were modeled based on the relationship between the yieldestidewpa-
rameters under ffierent approaches made in the previous sections. The indemnity and pure
premium calculations were presented here according to the assumed pragogsrfor each
province. Moreover, the basis risk comparison fdfetent insurance contracts were made

based on a simple ratio.

3.4.1 Wheat Price

In this study, the wheat price belonging to year 2006 was used in the weatlex based
insurance design for 2007. The average price of durum and othemtwypes in 2006 were
considered and used for designing a drought insurance contré2®0@.The average wheat

price for each province was listed here in Table 3.26.

Table 3.26: Wheat Prices for provinces in 2006

Wheat Price (Tikg)
Province Durum Type Other Type Average

Ankara 0,37 0,36 0,365
Cankiri 0,38 0,35 0,365
Eskisehir 0,36 0,35 0,355
Kayseri 0,33 0,34 0,335
Kirgehir 0,39 0,36 0,375
Konya 0,36 0,35 0,355
Nevsehir 0,38 0,34 0,360
Nigde 0,39 0,37 0,380
Sivas 0,38 0,33 0,355
Yozgat 0,37 0,35 0,360

The percentage of the planting area for durum and other wheat typeaébr province in
Central Anatolia was not known exactly. For this reason, the equally weigiverage price

for year 2006 was calculated in designing the index based insuranttacidor 2007.
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3.4.2 Indemnity Calculation

As it was defined in Function 2.4 in Chapter 2, the indemnity calculation wagl lmaséhe
strike level S for the given index measure and the tick giZgirstly, a trigger point S was set
for a selected index variable. To determine this value, the expected actecedheat yield
value for year 2007 was used relying on past information, i.e. predickoby in section
3.2.1 under diferent ARIMA processes. Moreover, Linear Regression (LR) areldEfect
(FE) models obtained in section 3.2.3 and 3.3.2 were used alternativelycfopeavince. All
calculations were exemplified for province Nevsehir and results of renggrovinces were
summarized in the Appendix part. Strike level foffdient index variables was denoted for

Nevsehir in Table 3.27.

Table 3.27: Strike Levels for Nevsehir

Prediction

Index Measure 2.000 tgima
WDEF > 41.6207
ETA < 108.9599
WS}, < 88.3503

WDEF /vert > 0.6943

According to the linear estimation equations, when the absolute valMéEF is more

than 41.6207, the wheat yield loss occurs. Similarly, if the absolute valMeIEF /vertis

more than 0.6943, again the wheat yield loss exists. On the other hdaitiAfis less than
108.9599 andV S|, is less than 88.3503, the wheat yield is dropped below the forecasted

values for year 2007 and the farmers receive a payout.

For 2007, the observed values iMDEFR, ET A, WS}, andWDEF; /vertwere 42.3, 117.3,
89.3 and 2.2281 respectively. Under the payout structure define@ athe indemnification
occurs excepET A andWS },. The table 3.28 below summarizes the wheat yield loss based

on strike levels for dferent index variables.

In a similar way, FE with individual intercept linear models obtained in sectior? 3vas also
used to derive diierent insurance contracts. The strike levels and indemnification schedule
were prepared by using these equations too. For example, the TableeBb@8dummarizes

these results for Nevsehir.
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Table 3.28: Indemnification scheme for Nevsehir in 2007

Prediction
Index Measure 2.000 tgima
WDER Payout
ETA No Payout
WS No Payout

WDEF /vert Payout

Table 3.29: Strike Level and Indemnification under FE model for Nevsehir

Prediction
2.000 tortha
Index Measure  Strike Level Indemnity

WDEK > 41.8350 YES
WDER > 43.7692 NO
ETA <109.9785 NO
WDEF /vert > 0.6964 YES
WDER/vert >0.7273 YES
WDER/eval > 0.4602 YES
WDER/pval > 0.3351 YES
ETA /eval < 1.1408 NO

In 2007, the observed values \&fDEFR, WDER, ETA, WDEF /vert WDER/vert,
WDER/eval WDER/pvalandET A /evalwere 42.3, 42.3, 117.3, 2.2281, 2.2281, 0.9845,
0.6414 and 2.7287 respectively. Under the payout structure defaoee ghe indemnification

occurs at least one time for all index measures apart #dm /eval Strike level calculations

for other provinces were indicated in Appendix C.

By using these strike levels forfirent index variables, the indemnity calculation was made
according to the function 2.4 in chapter 2. The tick sia@as obtained by using simulation

method. Firstly, it is assumed that the values of index variables in 2007 wknewn. After-
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wards, a suitable distribution to each index variable was fitted for eaclngeovParticularly,
Generalized Extreme Value (GEV) is the most suitable distribution for the selaule®
variables. Afterwards, random numbers for index variables werergtsd according to fitted
distribution and the dierences between the strike levels and the produced index variable were
calculated. Moreover, the corresponding wheat yield was comparetheifbrecasted wheat
yield value for 2007 and possible yield loss for 2007 was obtained. Feetbalculations,

the size of 1000000 random index variables were generated. Finalthithesize value was
derived as a ratio of the average yield loss and the average variatiarttieostrike level for

the selected index variable. The simple Matlab-code for thick size calculatisimulation

method was reported in Appendix D.

The Table 3.30 stated the final indemnity amount function undgsrént index-based insur-

ance contracts for Nevsehir.

Table 3.30: Indemnity amount functions for Nevsehir

Index Measure FE Panel model LR model
WDER 0.936*max((X-41.8350),0) 1.152*max((X-41.6207),0)
WDER 0.864*max((X-43.7962),0) -

ETA 1.476*max((109.9785-X),0) 1.656*max((108.9599-X),0)

WDEF /vert  62.388*max((X-0.6964),0) 66.564*max((X-0.6943),0)
WDER/vert 57.852*max((X-0.7273),0) -
WDER/eval 85.176*max((X-0.4602),0) -
WDER/pval 116.712*max((X-0.3351),0) -
ETA /eval 52.236*max((1.1408-X),0) -
WS} - 5.616*max((88.3503-X),0)

Certainly, the strike level S can be set afatent values in the policy design to satisfy dif-
ferent coverage demands of farmers. For instance, if the farmersktaker they will buy
insurance product when there exists a severe reduction on the walkehat iy other words,
the strike level can be calculated when the wheat yield loss is deceasedabedstain high
level. Under such insurance schemes, farmers pay lower premiumsastibey must bear
some wheat yield risk individually. For this reason, the strike level S neebse decided
carefully according to the farmers behaviour before underwriting téract. In this study,

it is assumed that all farmers are potential risk averse clients. The stridededifferent

policies were based on the wheat yield reduction from the forecastedfgrel@07.
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For 2007, the indemnification amount for Nevsehir was calculated by sgimgle functions
in Table 3.30. For instance, wh&iDEF; /vertratio is higher than the value 0.694 under LR
model, then the farmers will get payout for this year. The observed wllMWDEF /vertis

2.228 in 2007 so indemnification occurs and the insured farmer receives ;

1(2.228) = (66.564T L/ha) x ((2.228- 0.694),0) = 66.564x (1.534) = 102096T L/ha (3.7)

The indemnity payment can be summarized by the following Table 3.31 forddauwgnder
different insurance contracts.

Table 3.31: Indemnity amount for Nevsehir

Indemnity Amount (Tlha)
Index Measure LR model FE model
WDEF 0.783 0.435
WDER - 0
ETA 0 0
WDEF /vert 102.096 95.560
WDER/vert - 86.824
WDER/eval - 44.658
WDER/pval - 35.749
ETA /eval - 0
WS, 0 -

The results implied that FE models were better than the LR linear models with faedltp

tors excep®W DEF andW DEF; /vert Moreover, the generated drought indicatéDEF; /vert
were seemed to be succeeded in covering some part of the expected/igltbincome loss
199.800 Tltha.

By using the same rationale behind these calculations, the indemnity amount fignfctio
all provinces were also derived under linear regression (LR) a&)l p&nel models. The
detailed calculations were summarized in Appendix E. Moreover, the pagheimes for

other provinces were tabulated in detail in Appendix F.
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3.4.3 Pure Premium

In Chapter 2, the Function 2.3 defined the pure premium, given as the simdeshnity
occurred in our past data times the probability of its occurrence. LR areb#iBation equa-
tions were used to calculate the pure premium undéerdint index variable selections. If
the predicted wheat yield exceeded the actual wheat yield value, theraawield loss i.
e. the annual yield loss was set to value 0. On the other hand, some yielrdssswhen
the wheat yield estimation was fallen below the observed wheat yield. Formeathe fol-
lowing Tables 3.32-3.35 represent the detailed calculations for pure preamount for the
province Nevsehir according to the distinct index variable. The aldirens AWY, PWY and
AYL represent actual wheat yield, predicted wheat yield and anriakl kpss respectively in
Tables 3.32-3.35.

Table 3.32: AYL calculation for Nevsehir undéfDE R

Year WDEFR AWY(ton/ha) PWY(tortha) AYL(toryha)

1991 16 1.873 2.119 0
1992 3.5 2.284 2.180 0.104
1993 0 2.141 2.198 0
1994 1315 1.643 1.631 0.012
1995 0 1.991 2.198 0
1996 57.333 2.010 1.930 0.080
1997 10.667 2.025 2.145 0
1998 0 2.494 2.198 0.296
1999 34.333 1.886 2.033 0
2000 13.667 2.210 2.131 0.079
2001 100 1.560 1.752 0
2002 31 2.019 2.049 0
2003 89.333 1.831 1.795 0.036
2004 60.667 2.033 1.915 0.118
2005 46.333 2.169 1.979 0.190
2006 44 2.162 1.989 0.173
Average  2.021 2.015 0.068
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Table 3.33: AYL calculation for Nevsehir under A

Year ETA  AWY(ton/ha) PWY(tortha) AYL(toryha)
1991 130 1.873 2.107 0
1992 142 2.284 2.171 0.113
1993 147 2.141 2.198 0
1994 52 1.643 1.736 0
1995 165 1.991 2.299 0
1996 93 2.010 1.922 0.088
1997  128.333 2.025 2.099 0
1998  138.667 2.494 2.153 0.341
1999 102.667 1.886 1.969 0
2000 123.667 2.210 2.074 0.136
2001 62.667 1.560 1.783 0
2002  116.333 2.019 2.037 0
2003 61.667 1.831 1.778 0.053
2004 86.333 2.033 1.891 0.142
2005 98.667 2.169 1.949 0.220
2006  120.667 2.162 2.059 0.103
Average 110.542 2.021 2.014 0.075

Table 3.34: AYL calculation for Nevsehir undérsS |,

Year WS} AWY(ton/ha) PWY(tortha) AYL(toryha)
1991 99.5 1.873 2.122 0
1992 99 2.284 2.185 0.099
1993 100 2.141 2.203 0
1994 65 1.643 1.647 0
1995 100 1.991 2.203 0
1996  84.333 2.010 1.934 0.076
1997  96.333 2.025 2.137 0
1998 100 2.494 2.203 0.291
1999 91 1.886 2.044 0
2000 96.333 2.210 2.137 0.073
2001 71 1.560 1.731 0
2002 90 2.019 2.027 0
2003  75.667 1.831 1.800 0.031
2004 84 2.033 1.929 0.104
2005 85 2.169 1.945 0.224
2006 88 2.162 1.994 0.168
Average 88.823 2.021 2.015 0.067
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Table 3.35: AYL calculation for Nevsehir undéf DEF; /vert

Year WDEFR/vert AWY(ton/ha) PWY(tortha) AYL(toryha)
1991 0.291 1.873 2.113 0
1992 0.081 2.284 2.174 0.110
1993 0.000 2.141 2.198 0
1994 2.156 1.643 1.639 0.004
1995 0.000 1.991 2.198 0
1996 1.274 2.010 1.848 0.162
1997 0.227 2.025 2.131 0
1998 0.000 2.494 2.198 0.296
1999 0.520 1.886 2.048 0
2000 0.180 2.210 2.145 0.065
2001 1.786 1.560 1.724 0
2002 0.492 2.019 2.056 0
2003 1.276 1.831 1.847 0
2004 1.028 2.033 1.911 0.122
2005 0.692 2.169 2.001 0.168
2006 0.647 2.162 2.013 0.149
Average 0.666 2.021 2.015 0.067
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Now, the following pure premium results were obtanied for Nevsehir shiowable 3.36

Table 3.36: Pure Premium under LR models for Nevsehir

WDEFR ETA WS}, WDER/vert
Expected Annual Yield Loss (tgma) 0.068  0.075 0.067 0.067
Pure Premium (T[ha) 24,480 27 24,120 24,120

The above computations were made by using the linear regression equetitres selected
province. Besides these results, the FE with individual intercept lineeal pgodels were also
used to construct alternative insurance products. Moreover, the sitallzulation method
was used and corresponding pure premium amount were deriveth@rgrovinces. The re-
sults of the expected annual yield loss amount and the correspondmgnemnium belonging

to different index variables were summarized in Appendix F.
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3.4.4 Basis Risk Comparison

In this study, a simple parameter was developed to compare the basis riskiraftdisdex
based insurance policies against the drought. The following ratio in equati®) was defined
to test the basis risk performance offdrent insurance contracts that already designed in

previous sections.

Basis Risk Reduction Power BRRP= |(X)/ELOP (3.8)

where 1(X) represents the any payout under constructed insupiioy and ELOP is the
expected provincial wheat yield loss for given year. For simplicity, EMZ#3 calculated

as a multiplication of the wheat price and thdéfelience of forecasted and observed wheat
yield for year 2007. If the BRRE 0, which means that the insurance policy produces the
maximum basis risk, i. e. there is no indemnity payment even if the policyholded faith

an income loss. On the other hand, if the BRRE then the constructed insurance policy is
accomplished at the covering of all possible income loss. Whenever BRR® it means
that the clients already get payment whereas there was no expectetyaieéaeduction.
According to this straightforward calculation, when the value of BRRP isecko®ugh or

equal to value 1, it is interpreted as the lower basis risk for the givenansarcontract.

For year 2007, the predicted wheat yield is 2.00Qtiarunder ARIMA(2,1,0) model. This
forecasted value were compared with the actual or reported wheat y4eld fioriha to cal-

culate the ELOP value. As it was defined above,

ELOP = WheatPricemax(FWY - OWY), 0) (3.9)

where FWY and OWY represents the forecasted and observed wikkhiny2007.

For ARIMA(2,1,0);

ELOP = 360T L/tonmax(2.000— 1.445) 0) = 199.800T L/ha (3.10)

Afterwards, the basis risk reduction power (BRRP) was computed byotieufa (3.8) for

different insurance contracts. The comparison of BBRP values were maeée diterent
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index-based insurance contracts. Consequently, the index baseahicescontract with the
lowest BRRP values was selected as a final insurance decision fopeaahce. The follow-

ing Table 3.37 demonstrates the BRRP values of each insurance policg\dger.

Table 3.37: BRRP values for Nevsehir

Index Measure LR model FE model

WDEF 0.004 0.002
WDER - 0
ETA 0 0
WDEF /vert 0.511 0.478
WDER/vert - 0.435
WDER/eval - 0.224
WDER/pval - 0.179
ETA /eval - 0
WS} 0 -

Considering the results of Table 3.37, the best insurance policy westrgoted by simple
linear regression model wit DEF /vert as an weather-index variable for Nevsehir. The
indemnity schedule with respect to the predi®obDEF; /vertwas succeeded to cover almost
50 % of the expected wheat yield loss in 2007. The best BRRP value frmtbvinces were
reported in Appendix F.

3.4.5 Risk Premium

As it was mentioned above, the pure premium was considered while desamirigsurance
contract. However, there exists always a risk loading factor whicheefisk of the misspec-
ification comes from the uncertainty of the selected index variable in the mseigesign. If

this risk is not bearable by the insurer, there is an additional risk premiiftemon insurance

policy to share this risk with the potential clients.

To illustrate the importance of risk premium, the annual expected wheat yieldvias cal-
culated under LR model with the predictor ¢lheent varying withinFo for some provinces
of Central Anatolia. When the céi&ient of the intercept are significant for Ankara, Kirsehir,
Nevsehir, Ngde, Sivas and Yozgat then it was supposed to be fixed in linear modals, T
the average annual yield loss was computed with varying predictdiideat within o for

the selected strike level of each insurance product. The variation oneldegss are repre-
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sented by Table 3.38 for all provinces according to the best weatkedlpelicy decision in

the previous section.

The results in Table 3.38 shows that, when the regressor parameter oeftigent of predic-

tor varies withinxo, the average annual yield loss resulted in so much deviation. Especially
for Ankara and Njde, there exists higher variations on the percentage of the average yield
loss. In other words, the higher changes in the percentage of avemagal ield loss equals

to the higher changes in the pure premium amount. For this reason, the imsistecarefully
decide whether sharing with insured farmers or bearing individually thidaading of loss
coming from the uncertainty of predictor parameter in the selected modelsnitBlgfithe
codficienta should be computed rigorously in formula 2.2. This selection must be studied by
insurance companies to apply these models in the mafikeieatly. Besides the calculation

of risk premium, the loss ratio (indemnity over premium) for index-based inserpolicies

should be considered to understand the actuarial performance.

3.4.6 2007 Drought results

A comparison between the average drought support per individabtrenindemnity pay-
ment amount under the best insurance contract can be made roughly7inte individual
farmland area was not known exactly for each province so the avetggmrt was used for

comparison. The following table 3.39 summarizes the results of this basic dsomar

The results of table 3.39 indicates that the indemnity amounts for provinces toare the
average drought support payments. The indemnification scheduleex-based insurance
policies seemed to be nonfactual by taking account of support paymdnstdcover yield
loss as a whole. Nonetheless, this comparison should be improved by usiagyjoaity

farmland data to derive more reliable results.
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3.4.7 Discussions

The simple index-based insurance design for province of Central Baditwally finished.
Certainly, these basic models must be improved by more detailed actuaridhtialtsibefore
underwriting in the market. The results of this pilot study can be maintained apemnore
efficient and realistic insurance products for the real market. There d@msgoints to be

considered extensively to obtain more reliable index-based policies.

Firstly, the more sophisticated wheat yield forecasting should be studieddoe feasible
insurance design. For instance, the non-linear time series models caadb®iugheat yield
modelling. Threshold Autoregressive (TAR) method can be used for liimagithe increasing
and the stationary subpart of the original logyield series for some presinEurthermore,
structural dynamic modelling can bdieient alternatives by using some important param-
eters as exogeneous variables such as wheat import in the predictioh rBesdédes, the
stationarity can be considered with structural break based on Chowrtdsed, there are lots

of modelling techniques to estimate the next year's wheat yield before dsgimsurance

policy.

As it was discussed before, the linear regression and linear panel nsbdels be improved

to increase thef@ciency of the insurance products. These methods are easy to interpret th
results, but more complicated estimation equations describe the wheat yield Batdy,

the robust regression option should be considered to solve the posstbl®dtedasticity
problems of linear regression equations. Moreover, there are lotg@sgon methods that

can be used to derive wheat yield estimation equations for insurancedesig

In this study, a simple ratio was generated to test the basis risk performaicgeoent
index-based policies. However, the basis risk detection and reductenves more detailed
calculations. Since it is the most important disadvantage of the index-basedrice prod-
uct, the further studies should be concentrated on the reduction of isks@ the product
effectively. Besides this, pure premium calculation made under the assumpiidentital
weather conditions and its relationship with the wheat yield for 2007 whaidrega in the
past. Nevertheless, the time range of data set very short and there sambk trend in the
variation of selected index variables caused by other factors. Thedddasshould be figured

out to design more real index-based insurance contracts againghtsou
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CHAPTER 4

CONCLUSIONS AND DISCUSSIONS

4.1 Results and Conclusions

The weather-index based drought insurance modelling was finishgddieinces for Central
Anatolia. The wheat yield data was first detrended to remove any time tread pvovinces
and the wheat yield in 2007 was predicted by using ARIMA processemn, The correlation
power of index variables were conducted to obtain alternative predifciotee wheat yield
for each province. The relationship between the index variables andhbatwield were
identified by linear regression (LR) and linear FE panel models. Aftetsydine premium and
indemnity amount calculations were made unddéiiedent weather-yield models and simple
basis risk comparison were made among these insurance contracts. eFpeanrinsurance

product selection were listed by Table 4.1 for provinces of Central Aiaato

For Ankara,WDEF; /vertwas used as an index variable to design insurance product against
drought. Itwas succeeded to cover almost all the expected wheat \gslsifce BRRP0.939.
This insurance model can be improved to derive méieient and feasible insurance products

by further analysis.

For Cankiri, there was no appropriate index variable to design in®ipamduct against
drought. It was failed to cover any percentage of the expected wieddlgss since all BRRP
~ 0. This problem should be studied carefully to implement any index-basadaimse for

this province.

For Eskisehir, there was no appropriate index variable to design imseifaroduct against
drought. It was failed to cover any percentage of the expected wieddigss since BRR£O

i. e. there is no indemnity under these products even if the wheat yield losssocThis
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problem should be studied carefully to implement any index-based insii@rttis province.

For Kayseri, there was no appropriate index variable to design insiesyainst drought. The
indemnity occurs whereas there was no expected wheat yield loss foi.200BRRP— .
This problem should be studied carefully to implement any index-basedaimseiffor this

province.

For Kirsehir WDEFR; /vertwas used as an index variable to design insurance product against
drought. It was succeeded to cover nearly 50 % of the expected wreddtloss since
BRRP=0.629. This insurance model can be improved to derive mfiigient and feasible

insurance products by further analysis.

For Konya,WS |, was used as an index variable to design insurance product againghtro
It was succeeded to cover almost all the expected wheat yield loss driRE-H.008. This
insurance model can be improved to derive mdfieient and feasible insurance products by

further analysis.

For NevsehirWDEF; /vertwas used as an index variable to design insurance product against
drought. It was succeeded to cover nearly 50 % of the expected wheddtloss since
BRRP=0.511. This insurance model can be improved to derive mfirdent and feasible

insurance products by further analysis.

For Nigde, WDER/pval was used as an index variable to design insurance product against
drought. It has higher basis risk rather than other provinces that ke BRRR2.697.
This problem should be studied carefully to implement any index-basedaimsgiffor this

province.

For Sivas,WDER/evalwas used as an index variable to design insurance product against
drought. It was succeeded to cover almost all the expected wheat yéslsitace BRRP1.008.
This insurance model can be improved to derive mdieient and feasible insurance products

by further analysis.

For Yozgat, WDER/evalwas used as an index variable to design insurance product against
drought. It was succeeded to cover almost all the expected wheat yéslsitace BRRP1.017.
This insurance model can be improved to derive mdiieient and feasible insurance products

by further analysis.
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4.2 Contributions of this Study

This is the first pilot study of index-based insurance design for TurKéye Central Ana-
tolia region and the wheat crop was selected as location and crop type fienmientation
of this thesis. Firstly, a wide range of weather index variables were sélaotd tested for
the weather-yield modelling. The more correlated index variables were edl tasdesign
alternative insurance contracts for each province. Moreover, tatheryield modelling was

conducted by two dierent linear models.

Firstly, the results of index-based insurance design emphasized théalateage of this type
of insurance policies for Central Anatolia. In addition, the selected alieenadex variables
interpreted significant results for some provinces. Especially, the cetestr predictors like
WDEF /vert, WDER/evalandW DEFR/pval have advantages among the others to describe

the wheat yield. These ratiosfered alternative index-based insurance contracts powerfully.

Secondly, the weather yield modelling constructed under tfferdint ways in this study. The
panel linear models were preferred to derive casfiates of predictor measures on the wheat
yield and try reducing the basis risk of insurance products. The inser@ontract details for
Kirsehir, Sivas and Yozgat implied that (FE) linear panel models weareessful. However,
these models were not as good as the linear regression models for Akaya, Nevsehir
and Ngde. The more reliable prediction equations should be derived to designfeasible

index-based insurance contracts.
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4.3 Problems in this Study

The various problems appeared during the index-based insurancdingittethis study. For
this reason, this type of insurance modelling should be enhanced by stiteisg limitations

precisely.

The first and most important problem is the data quality in this pilot study. As itundsr-
lined before, the high quality data set was needed to defiident index-based insurance
model. Even if the wide range of data set was collected for wheat yieldréstintes, the
reliability of them still doubtful. The average wheat yield was used for aésgginsurance
products for provinces whereas there was no trusted collection methtitefm data set. In-
deed, to obtain a good quality data set for a big region like Cental Anatolige tiezds to
be long term investments to enhance the data collection technique. On theymsuca an
investment can not be implemented by any individual company so the govetrrsimeuld
take responsibility for the sake of feasible data collecting system. For CAma#olia, the

recently built drought test center in Konya can provide a solution of datection problem.

Even if the weather data more reliable than the wheat yield data, it does isbfaxall

weather stations of given province. This missing data leads to inaccusalésrior the spa-
tially interpolated mean value of SPI values and rainfall amount for prosindéus, the
average value for selected province failed to describe the wheat yielduraimce designing.
For this reason, all stations with these data was needed to derive more refgitteer index

values to model index-based insurance.

In addition to data quality problem, the usage of classical regression foellimgdweather-
yield relationship has some problems too. When certain assumptions of ligeassien is
violated, then the results of linear estimation approach might be biased amdistent as it
was discussed in chapter 3. Moreover, the climate change patterns ddo lemiations in
the index variables in the future. Due to this fact, historical data for indaahlas can not
be suficient to predict the future. These problems should be studied furtherritee aeore

efficient index-based insurance contracts.

Additionally, one index variable that was most correlated to wheat yield s&d for design-
ing insurance product. Nevertheless, the wheat yield canfibetad by the interaction of

multiple index variables. The insurance product should be design acgdadthis complex
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relation in such cases, but it isfiicult to estimate thef&cient insurance model. Recently,
there is an upcoming study to predict the wheat yield of Tedént TIGEM farms in Anato-
lia based on Bayesian estimation. Yildirak et. al established a prediction fungtio two
predictor variables [29]. They used the ETA and WDEF valuesfiieidint growth stages for

drought based wheat prediction modelling.

Apart from these, the actuarial calculations for insurance pricingldhimustudied in detail.
Especially, risk premium decision deserves careful examining to put ihése-based insur-
ance policies in practice. Besides, since it is impossible to eliminate basis risiedrérom

insurance products, the insurance models should be designed rigorous

4.4 Proposals for Future Works

e BasisRisk

The provincial average wheat yield was used for insurance modellingsistindy. In
other words, all premium and indemnity calculations were made by using this mean
wheat yield value for each province. This approach is easy to unddratad dfers
insurance product standardization but it has several basis risks véth iisthe area

is reduced to a smaller region then it migltfes lower spatial and geographical basis
risks for an insurance product. However, this area partitioning leadstdigal prob-
lems in the insurance design. This dilemma should be solved to increase tihacsccu
of the index-based insurance modelling. For instance, the smaller farngag asith
the same geographical properties, wheat types and cropping seaighmprovide re-
duction of geographical basis risks. The simple clustering methods caoplbiedato
divide Anatolia region as subregions with same meteorological and gdogahfea-
tures. Alternatively, the Geographically Weighted Regression (GWR) rdstiroght

be used to mitigate the basis risk of the insurance product.

Besides these, there are various non-weather related basis riskiges¢hat can af-
fect the wheat yield. These non-weather factors such as the wheatlypquality of
farming laborers, investment in production tools etc should be considereduoe the
basis risk of any product. However, it requires systematic historicatdatatain com-
prehensive results. Anfiicially created agricultural database system for each province

should be considered by the government.
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e Wheat Pricing

Aside from basis risk problem of index-based insurance contractejtbat yield fore-
casting and pricing for the contract needs some improvements to increasetitacy
of results. Since these predictions directly influence the insurance codésign so it
needs further studies. Especially, the decision of wheat pricing is a catgaicon-
cern and it is ffected by several parameters. So, local farmers should be protected
against devastating price fluctuations in the market. Moreover, net preamuonnt
for the index-based policies after the appropriate risk premium amourdeciged for
each province is hard to compensate by individual farmers. For thismeasme part
of premiums should be subsidized by the government. In Turkey, TARSEtéady
responsible for this subsidization for the existing insurance policies in thketnand
it can provide also index-based drought insurance premium subsiogufor each

policyholder.

Furthermore, dferent coverage levels might be set according to the risk attitude of local
farmers. In this case, some part of the wheat yield loss is beared bylityhptder. As
a result, the potential policyholder pay lower premiums based on the selestege

level but also they get lower indemnity amount.

e Index Selection

Instead of using one predictor variable, a set of multiple independelatreatpry should

be used for designing more complicated insurance products. The lapeedbased
insurance contract modelling might be considered according to the mosttanpor
growth stages of the wheat production and the predictor behavioursss# periods.
Moreover, the most correlated index variables should be weighted teedure so-
phisticated linear equations to calculate indemnity and premium amounts. In such
cases, it is dhicult to obtain trigger level for the selected index variable, but it might
resulted in more accurate insurance contract design. However, theseoifjnproblem

of these predictors should be studied firstly to avoid unreasonable estiragtiations.

Furthermore, specific farm located index variable derivation might pecsfichtial basis
risk reduction. Even if the average value of the weather index for easimge provide
easier calculations, the basis risk charge of such policies is excessivpdavith. The
spatial data analysis shoul@ter more reliable index variable selection for smallholders

by using the neighborhood weather stations. For this reason, the qualigatfier data
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collection systems should be developed by technological improvementsasthgons

as a first step.

Wheat Type

For simplicity, the weighted average of durum and other wheat type wakwisiée
designing the insurance product in this study. On the other hand, thisdggsicach
can lead to inaccurate results. Firstly, there are various types of wheds planted

in Central Anatolia. Moreover, the planted area for these wheat tygegaaying by
region and this results in fierent wheat yield. Furthermore, the drought tolerance for
each wheat type are alternating. For this reason, each wheat tydd beatonsidered
separately and index-based insurance contracts shdtédidi premium and indemnity

amount.

Besides the above distinction, the cultivation area féiedent wheat types has charac-
teristic features such as soil type, irrigation need. In other words, wheht type can
not be planted anywhere in a specified region. Before the insurasagndéhe local
farmers should be informed about these problems and governed bylaggaexperts

to prevent excessive indemnification.

Risk Sharing

The most importantly, these types of insurance contracts pay any indemnijidg-p
holders at the same time when the index variable falls down the strike levalritnact
year. As it was discussed in chapter 1, Turkish government provideos financial
assistance for all provinces of Central Anatolia Region. This leads teh@mount
of payouts for the insurer in one season. For this reason, insurangeacies may be
able to transfer their risk to reinsurance companies in the market. The convplatteer
index-based insurance contracts should be introduced and studiedsioramce com-

panies before implementing.
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APPENDIX A

ARIMA PROCESS SUMMARY

ARIMA(p,1,q) process summary for all provinces listed here in TablesA9l-
Table A.1: ARIMA process for Cankiri

Model Fit Summary

AIC SBC Adj Rsquare MAE
ARIMA(1,1,1) -21.211399 -15.99839 0.72921162 0.12695313
Codf. Lag# Estimates Std Error t ratio Probt|
AR1 1 068072929 0.1258835 5.41 < 0.0001*
MA1 1 0.99999989 0.823208 12.15 < 0.0001*
Intercept 0 0.01988886 0.0057637 3.45 0.0014*

* . Correlation is significant at the 0.05 level
Constant Estimation is 0.00634993

Table A.2: ARIMA process for Eskisehir

Model Fit Summary

AlIC SBC Adj Rsquare MAE
ARIMA(2,1,2) -17.637965 -8.9496171 0.73665218 0.14685296
Codf. Lag# Estimates Std Error t ratio Prolt|
AR1 1 0.8208132 0.1696932 4.84 <0.0001*
AR2 2 -0.8274908 0.1596342 -5.18 <0.0001*
MA1 1 0.9879914 0.2286910 4.32 0.0001*
MA2 2 -0.7046949 0.2114035 -3.33 0.0020*
Intercept 0 0.0199170 0.0190692 1.04 0.3030

* . Correlation is significant at the 0.05 level
Constant Estimation is 0.02005003
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Table A.3: ARIMA process for Kayseri

Model Fit Summary

AIC SBC Adj Rsquare MAE
ARIMA(2,1,1) -44.466491 -37.515812 0.72156456 0.09977542
Codf. Lag# Estimates Std Error t ratio Prob > |t|
AR1 1 0.4909470 0.1306598 3.76 0.0006*
AR2 2 -0.7011170 0.1035414 -6.77  <0.0001*
MA1 1 0.4821818 0.1714098 2.81 <0.0077*
Intercept 0 0.0107681 0.0087681 1.23 0.2270
*: Correlation is significant at the 0.05 level
Constant Estimation is 0.01303128
Table A.4: ARIMA process for Kirsehir
Model Fit Summary
AIC SBC Adj Rsquare MAE
ARIMA(1,1,1) -10.581518 -5.3685093 0.52359764 0.16049912
Codf. Lag# Estimates Std Error t ratio Prob > [t|
AR1 1 -0.5610102 0.1565198 -3.58 0.0009*
MA1 1 -0.9497012 0.0862728 -11.01  <0.0001*
Intercept 0 0.0206850 0.0376314 0.55 0.5857
* . Correlation is significant at the 0.05 level
Constant Estimation is 0.03228944
Table A.5: ARIMA process for Konya
Model Fit Summary
AIC SBC Adj Rsquare MAE
ARIMA(1,1,2) 0.29578549 7.24646397 0.58270221 0.18381348
Codf. Lag# Estimates Std Error t ratio Prob > |t|
AR1 1 0.39278062 0.1759606 2.23 0.0316*
MA1 1 0.36935853 0.1681280 2.20 0.0342*
MA2 2 0.63063534 0.1556615 4.05 0.0002*
Intercept 0 0.01606514 0.0065639 2.45 0.0191*

* . Correlation is significant at the 0.05 level
Constant Estimation is 0.00975507
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Table A.6: ARIMA process for Nevsehir

Model Fit Summary

AlIC SBC Adj Rsquare MAE
ARIMA(2,1,0) -7.6241383 -2.4111295 0.71778469 0.16121255
Codf. Lag# Estimates Std Error tratio Prob > |t|
AR1 1 -0.0451391 0.1396620 -0.32 0.7483
AR2 2 -0.4699757 0.1370356 -3.43 0.0014*
Intercept 0 0.0226085 0.0211761 1.07 0.2922

*: Correlation is significant at the 0.05 level
Constant Estimation is 0.03425442

Table A.7: ARIMA process for Njde

Model Fit Summary

AlIC SBC Adj Rsquare MAE
ARIMA(1,1,1) -0.8393641 4.37364475 0.53406729 0.15876368
Codf. Lag# Estimates Std Error t ratio Prob > [t|
AR1 1 -0.5502306 0.1365674 -4.03 0.0003*
MA1 1 -0.9999995 0.0720919 -13.87  <0.0001*
Intercept 0 0.0110243  0.0428349 0.26 0.7982

* . Correlation is significant at the 0.05 level
Constant Estimation is 0.01709028

Table A.8: ARIMA process for Sivas

Model Fit Summary

AIC SBC Adj Rsquare MAE
ARIMA(2,1,1) 24.2453977 31.1960762 0.46810581 0.20649479
Codf. Lag# Estimates Std Error t ratio Prob > |t|
AR1 1 0.5119931  0.1906182 2.69 0.0107*
AR2 2 -0.5940730 0.1262169 -4.71 <0.0001*
MA1 1 0.5978471  0.2552022 2.34 0.0245*
Intercept 0 0.0078083  0.0177701 0.44 0.6629

* . Correlation is significant at the 0.05 level
Constant Estimation is 0.0084492
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Table A.9: ARIMA process for Yozgat

Model Fit Summary

AIC SBC Adj Rsquare MAE
ARIMA(1,1,1) -27.003903 -21.790894 0.73524018 0.13863568
Codf. Lag# Estimates Std Error t ratio Prob > |t|
AR1 1 0.80298088 0.1003788 8.00 <0.0001*
MA1 1 0.99999458 0.0682199 14.66  <0.0001*
Intercept 0 0.01716259 0.0077179 2.22 0.0320*

* . Correlation is significant at the 0.05 level
Constant Estimation is 0.00338136
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APPENDIX B

R-CODE FOR LINEAR MIXED EFFECT MODELS

a=read.csv2("GUsergSamsunfpesktoppaneldata.csv’,headefRUE)
install.packages("Ime4”)

library(Ime4)

panel<- Imer(logyield WDEFr

+ (1 — province), data a,na.actiorr= na.omit) panel

ranef(panel)

panel2<- Imer(logyield WDEFr+ (WDEFr — province), data a,na.actior= na.omit)
panel2

ranef(panel2)

anova(panel,panel2)

Linear mixed model fit by REML

Formula: logyield WDEF# (1 — province)
Data: a

AIC BIC logLik deviance REMLdev

-144.2 -131.976.1 -171.6 -152.2

Random €ects:

Groups Name Variance Std.Dev.

province (Intercept) 0.015582 0.12483
Residual 0.017091 0.13073

Number of obs: 160, groups: province, 10
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Fixed dfects:

Estimate Std. Error t value

(Intercept) 0.7597373 0.0447728 16.97
WDEFr -0.0017988 0.0002444 -7.36

Correlation of Fixed Hects:
(Intr)
WDEFr -0.412

Linear mixed model fit by REML

Formula: logyield WDEFk (WDEFr — province)
Data: a

AIC BIC logLik deviance REMLdev
-142.3-123.8 77.13-173.6 -154.3

Random €ects:

Groups Name Variance Std.Dev. Corr

province (Intercept) 9.4494e-03 0.09720826
WDEFr 1.9286e-07 0.00043916 1.000

Residual 1.6763e-02 0.12947061

Number of obs: 160, groups: province, 10

Fixed dfects:

Estimate Std. Error t value

(Intercept) 0.7621216 0.0370117 20.591
WDEFr -0.0018714 0.0002809 -6.662

Correlation of Fixed Hects:
(Intr)
WDEFr -0.009
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Data: a

Models:

panel: logyield WDEF# (1 — province)

panel2: logyield WDEF#r (WDEFr — province)
Df AIC BIC logLik Chisqg Chi Df Pr(>Chisq)

panel 4 -163.56 -151.26 85.782

panel2 6 -161.55 -143.10 86.777 1.9901 2 0.3697
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APPENDIX C

STRIKE LEVEL CALCULATIONS

According to the linear regression LR and FE linear panel models, strikésléar the index
based insurance policies were calculated for all provinces. Morgtwecontracts resulted in
any payout were represented here. The following Tables C.1-C.16 sigemsthese results
for each province.

Table C.1: Strike Level and Indemnification under LR model for Ankara

Prediction
Index Measure 2.333t@ma Observed in 2007 Indemnity
WDEF; > -3.936 1.300 YES
ETA < 355.500 265.000 YES
WS}, <91.790 71.286 YES
pval < 158.832 109.000 YES
WDEFR /vert > 0.622 2.944 YES

Table C.2: Strike Level and Indemnification under FE model for Ankara

Prediction

Index Measure 2.333tfma Observed in 2007 Indemnity
WDEFR > 0.525 106.000 YES
WDER >5.591 107.300 YES
ETA <164.593 62.900 YES
WDEF /vert >0.111 2.940 YES
WDER/vert > 0.185 2.980 YES
WDER/eval >0.073 1.430 YES
WDER/pval > 0.060 0.980 YES
ETA /eval <1.618 0.840 YES
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Table C.3: Strike Level and Indemnification under LR model for Cankiri

Prediction
Index Measure 1.806 tfima Observed in 2007 Indemnity
WDER/vert > 0.837 0.938 YES

Table C.4: Strike Level and Indemnification under FE model for Cankiri

Prediction

Index Measure 1.806 tfima Observed in 2007 Indemnity
WDEFR > 68.871 48.700 NO
WDER > 71.002 50.700 NO
ETA <95.391 312.700 NO
WDEF /vert > 0.906 0.901 NO
WDER/vert >0.934 0.938 YES
WDER/eval > 0.653 0.433 NO
WDER/pval >0.478 0.347 NO
ETA /eval <0.829 0.954 NO
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Table C.5: Strike Level and Indemnification under FE model for Eskisehir

Prediction

Index Measure 2.053 tfima Observed in 2007 Indemnity
WDER >117.410 29.000 NO
WDER >122.542 29.000 NO
ETA <61.369 133.500 NO
WDEF /vert >1.913 0.829 NO
WDER/vert >1.994 0.829 NO
WDER/eval > 1.330 0.333 NO
WDER/pval > 0.879 0.257 NO
ETA /eval < 0.555 1.534 NO
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Table C.6: Strike Level and Indemnification under LR model for Kayseri

Prediction
Index Measure 1.599 tdima Observed in 2007 Indemnity
WDER/eval > 1.696 3.242 YES

Table C.7: Strike Level and Indemnification under FE model for Kayseri

Prediction

Index Measure 1.599 tdima Observed in 2007 Indemnity
WDEFR > 146.663 138.800 NO
WDER > 154.612 139.400 NO
ETA <39.937 56.600 NO
WDEF /vert >2.134 7.305 YES
WDER/vert > 2.302 7.337 YES
WDER/eval >1.535 3.242 YES
WDER/pval >1.144 2.248 YES
ETA /eval <0.422 1.316 NO

93



Table C.8: Strike Level and Indemnification under FE model for Kirsehir

Prediction

Index Measure 2.268 tfima Observed in 2007 Indemnity
WDER > 6.672 81.000 YES
WDER >9.392 81.000 YES
ETA <162.544 87.300 YES
WDEF /vert >0.215 2.077 YES
WDER/vert > 0.250 2.077 YES
WDER/eval >0.071 1.052 YES
WDER/pval > 0.080 0.704 YES
ETA /eval <1.588 1.134 YES
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Table C.9: Strike Level and Indemnification under LR model for Konya

Prediction
Index Measure 2.436 tfima Observed in 2007 Indemnity
WDER >29.5111 131.0769 YES
ETA < 136.4406 52.3846 YES
WS}, <91.2632 67.6923 YES
WDER/vert > 0.5648 4.8547 YES
ETA /eval < 1.4105 0.8731 YES

Table C.10: Strike Level and Indemnification under FE model for Konya

Prediction

Index Measure 2.436 tfdima Observed in 2007 Indemnity
WDER > -42.783 121.900 YES
WDER > -35.857 131.100 YES
ETA <193.968 52.400 YES
WDEF /vert >-0.339 4516 YES
WDER/vert >-0.219 4.855 YES
WDER/eval >-0.330 2.185 YES
WDER/pval >-0.202 1.560 YES
ETA /eval <1.939 0.873 YES
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Table C.11: Strike Level and Indemnification under LR model fajds

Prediction
Index Measure 1.645tdma Observed in 2007 Indemnity
WDER > 182.5197 138 YES
ETA < 253.8595 282.5 NO
WS}, < 58.4352 69 NO
WDER/pval >1.5229 3.5385 YES

Table C.12: Strike Level and Indemnification under FE model faydsi

Prediction

Index Measure 1.645t@ma Observed in 2007 Indemnity
WDEFR > 166.811 130.500 NO
WDER >177.821 138.00 NO
ETA <31.231 63.500 NO
WDEF /vert > 2.976 11.864 YES
WDER/vert > 3.180 12.546 YES
WDER/eval >1.817 4.600 YES
WDER/pval > 1.427 3.539 YES
ETA /eval <0.351 2.117 NO
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Table C.13: Strike Level and Indemnification under LR model for Sivas

Prediction
Index Measure 1.506 tfma Observed in 2007 Indemnity
WDEF; >-0.0316 15 YES
WDEF;/vert  >-0.0032 0.0625 YES

Table C.14: Strike Level and Indemnification under FE model for Sivas

Prediction

Index Measure 1.506 tfima Observed in 2007 Indemnity
WDEFR > 42.441 71.200 YES
WDER > 46.167 72.700 YES
ETA <120.004 91.700 YES
WDEF /vert > 0.570 2.965 YES
WDER/vert > 0.621 3.028 YES
WDER/eval > 0.449 1.346 YES
WDER/pval > 0.336 1.009 YES

ETA /eval <1.157 1.698 NO
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Table C.15: Strike Level and Indemnification under LR model for Yozgat

Prediction
Index Measure 2.219tdma Observed in 2007 Indemnity
ETA < 170.4985 94 YES
WDEF /vert  >-0.4160 1.3901 YES

Table C.16: Strike Level and Indemnification under FE model for Yozgat

Prediction
Index Measure 2.219tg@ma Observed in 2007 Indemnity

WDEFR > -65.242 65.300 YES
WDER > -66.928 65.300 YES
ETA <199.668 94.000 YES
WDEF /vert >-0.994 1.390 YES
WDER/vert >-1.032 1.390 YES
WDER/eval >-0.679 0.726 YES
WDER/pval >-0.481 0.527 YES
ETA /eval < 1.909 1.044 YES
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APPENDIX D

MATLAB M-FILE FOR THICK SIZE CALCULATION

The thick size value for the indemnity function was decided by simulation in Matlab.

dfittool % distribution fitting for the predictor data set.

randtool% generating random number for fitted distribution.

yield,007 = (observedyielp: one$10000001); %Actual yield matrix for 2007

b = zero10000001); % generate zero matrix for comparison.

SLindex=(trigger point)*ones(1000000,1% Strike level matrix for 2007 under
linear regression

predelq=exp(aindexang+b); % yield prediction for 2007 under linear regression
model with random index variabe, where a is cofficient of predictor, b is the intercept
value.

Y Logor=max(fyieldroo7predsieia).b); % Annual yield loss under simulation.
ID2go=max((ndexand-S Lindex),b); % Index variable difference for 2007 under
simulation.

T Sindes=meant’ Loooz)/mean(D2007);

% Thick size for the selected index variable

defined as simple ratio of averages of yield loss and indexfierence.
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APPENDIX E

INDEMNITY AMOUNT FUNCTIONS FOR EACH PROVINCE

Under diferent index-based insurance policies, the indemnification equationdlopeavince

summarized by Tables E.1-E.9.

Table E.1: Indemnity amount functions for Ankara

Index Measure FE Panel model LR model
WDEF; - 9.454*max((%+3.936),0)
WDEFR 1.387*max((X-0.525),0) -

WDER 1.351*max((X-5.591),0) -
ETA 1.716*max((164.593-X),0) -
ETA - 2.482*max((355.500-X),0)

WDEFR /vert  97.528*max((X-0.111),0) 165.528*max((X-0.622),0)
WDER/vert  92.710*max((X-0.185),0) -
WDER/eval 136.145*max((X-0.073),0) -
WDER/pval 190.895*max((X-0.060),0) -
ETA/eval 169.214*max((1.618-X),0) -
WS} - 7.957*max((91.790-X),0)
pval - 6.388*max((158.832-X),0)
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Table E.2: Indemnity amount functions for Cankiri

Index Measure

FE Panel model LR model

WDEFR 1.022*max((X-68.871),0) -
WDER 0.986*max((X-71.002),0) -
ETA 1.351*max((95.391-X),0) -
WDEF /vert  74.168*max((X-0.906),0) 97.455*max((X-0.934),0)
WDER/vert  70.153*max((X-0.934),0) -
WDER/eval 101.981*max((X-0.653),0) -
WDER/pval 143.664*max((X-0.478),0) -
ETA /eval 3.120*max((0.829-X),0) -

Table E.3: Indemnity amount functions for Eskisehir

Index Measure

FE Panel model

WDEFR
WDER
ETA
WDEF /vert
WDER/vert
WDER/eval
WDER/pval
ETA /eval

1.278*max((X-117.410),0)
1.207*max((X-122.542),0)
1.527*max((61.369-X),0)
87.259*max((X-1.913),0)
83.070*max((X-1.994),0)
206.965*max((X-1.330),0)
174.092*max((X-0.879),0)
151.727*max((0.555-X),0)
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Table E.4: Indemnity amount functions for Kayseri

Index Measure FE Panel model LR model

WDER 0.938*max((X-146.663),0) -
WDER 0.871*max((X-154.612),0) -
ETA 1.139*max((39.937-X),0) -
WDEFR /vert  65.493*max((X-2.134),0) -
WDER/vert  60.803*max((X-2.302),0) -
WDER/eval 89.914*max((X-1.535),0) 60.836*max((X-1.535),0)
WDER/pval 124.721*max((X-1.144),0) -
ETA/eval 112.192*max((0.422-X),0) -

Table E.5: Indemnity amount functions for Kirsehir

Index Measure FE Panel model
WDEF 1.388*max((X-6.672),0)
WDER 1.313*max((X-9.392),0)

ETA 1.688*max((162.544-X),0)

WDEFR /vert  96.938*max((X-0.215),0)
WDER/vert  92.325*max((X-0.250),0)
WDER/eval 136.125*max((X-0.071),0)
WDER/pval 190.500*max((X-0.080),0)
ETA/eval 167.738*max((1.588-X),0)
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Table E.6: Indemnity amount functions for Konya

Index Measure

FE Panel model

LR model

WDEFR
WDER
ETA
WDEFR /vert
WDEFR/vert
WDER/eval
WDER/pval
ETA /eval
WS}

1.385*max((%+42.783),0)
1.314*max((%+35.857),0)
1.669*max((193.968-X),0)
96.063*max((%0.339),0)
88.502*max((%+0.219),0)
135.291*max((>%0.330),0)
189.144*max((%0.202),0)
167.312*max((1.939-X),0)

2.592*max((X-29.511),0)
3.692*max((136.441-X),0)

141.503*max((X-0.565),0)

334.907*max((1.411-X),0)
11.999*max((91.263-X),0)

Table E.7: Indemnity amount functions forgxie

Index Measure

FE Panel model

LR model

WDEFR
WDER
ETA
ETA
WDEFR /vert
WDER/vert
WDER/eval
WDER/pval
ETA /eval
WS}

1.102*max((X-166.811),0)
1.026*max((X-177.821),0)
1.330*max((31.231-X),0)
76.190*max((X-2.976),0)
70.300*max((X-3.180),0)
105.070*max((X-1.817),0)
146.186*max((X-1.427),0)
131.594*max((0.351-X),0)

0.950*max((X-182.520),0)

0.950*max((253.860-X),0)

116.964*max((X-1.523),0)

4.294*max((58.435-X),0)
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Table E.8: Indemnity amount functions for Sivas

Index Measure FE Panel model LR model
WDEF; - 5.574*max((%+0.032),0)
WDEFR 0.923*max((X-42.441),0) -

WDER 0.852*max((X-46.167),0) -
ETA 1.101*max((120.004-X),0) -
WDEF; /vert -

361.461*max((>%-0.003),0)
WDEF /vert  63.439*max((X-0.570),0) -
WDER/vert  59.179*max((X-0.621),0) -
WDER/eval 89.460*max((X-0.449),0) -
WDER/pval 122.085*max((X-0.336),0) -
ETA/eval 111.364*max((1.157-X),0) -

Table E.9: Indemnity amount functions for Yozgat

Index Measure FE Panel model LR model
WDER 1.296*max((%+65.242),0) -
WDER 1.224*max((%+66.928),0) -
ETA 1.548*max((199.668-X),0) 2.304*max((170.499-X),0)

WDEFR /vert  90.108*max((%0.994),0) 143.532*max((x¢0.416),0)
WDER/vert  85.608*max((%1.032),0) -
WDER/eval 125.100*max((%0.679),0) -
WDER/pval 175.896*max((%0.481),0) -

ETA /eval 155.880*max((1.909-X),0) -
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APPENDIX F

INSURANCE CONTRACT SUMMARY FOR EACH PROVINCE

The Average Annual Yield Loss (AAYL) tgha, pure premium (PP) Tha, indemnity amount
(IA) TL/ha and basis risk reduction power (BRRP) values under Linear Regng&.R) and

Fixed Hfect (FE) panel models for each province were summarized here by ltbeifa
tables F.1 - F.10.
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The most éicient index-based insurance policy for each province was determatedding
to the closest BRRP value to 1 as it was mentioned earlier. The closest BRF ¥ shown

in bold in above tables F.1 - F.10.
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