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Abstract  

Earthquakes are major natural disasters that occur frequently worldwide. They have several 

socioeconomic impacts on countries. At first glance, it seems that as if they cause only large volumes 

of deaths, injuries and destruction. However, in the medium and long run, they cause several other 

impacts such as income, employment and production losses, increased government expenditures, 

inflation explosions and income distortions. All of these impacts are critical especially for 

developing countries that have more vulnerable economies than developed ones. In this respect, this 

study aims to analyse the impacts of massive earthquakes on economic growth and income 

inequality in independent Turkic states. With this purpose, two empirical models are estimated by 

the Generalized Method of Moments (GMM) with panel data covering the period from 1991 – 2022 

for 6 countries. Empirical findings exhibit that major earthquakes do not have significant impacts 

on the economic growth processes of these countries. However, they have significant impacts on 

income distortions. In this manner, it seems that despite massive earthquakes, Turkic states have 

been able to sustain their economic growth processes. However, income inequality has increased as 

a by-product of these disasters. This evidence seems substantial for sustainable development policy 

formations of Turkic states. 
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1. Introduction  

 

The global climate crisis has been at the scene since the midst of the 20th century. Humanity is 

about reaching the limits of the globe. This fact has already been declared by The Limits to 

Growth Report published in 1972. Specifically, with the inefficient use of global resources, it 

would be impossible to sustain both population and production growth. Even it warns that this 

would cause drastic decreases in both [1]. Since that time, nothing has changed much in terms 

of humankind’s production and consumption patterns. Global warming has accelerated and 

despite sustainability efforts, the problem has deepened.  Beyond the Limits and The Limits to 

Growth: The 30-Year Update was published in 1992 and 2004, respectively. At their last 

update, they warned that ‘Overshoot cannot be sustained without collapse.’. However, they 

have also pointed out that humanity could still reverse the collapse by taking the right actions 

on resource use and waste management [2].  

 

With the rise of global warming and environmental degradation, the volume and severity of 

natural disasters have increased [3, 4]. Technological advancements have provided new tools 
1for forecasting natural disasters such as tsunamis, tornadoes and floods. However, there are 
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still some disasters that cannot be truly foreseen like earthquakes. Fault zones have been 

discovered, their historical behaviours have been analysed and possible future earthquakes have 

been forecasted at all over the World. However, mankind has still inadequate tools to foreseen 

exactly when an earthquake will occur and at which magnitude will it happen. In this manner, 

it seems that we, as humankind, need to deeply understand the impacts of major earthquakes 

and take sustainable policy actions to minimize their socioeconomic costs.  

 

Moreover, transformational changes in international system with the collapse of USSR (Union 

of Soviet Socialist Republics) in 1989, have reshaped the relationships of all countries across 

all over the World [5]. Some countries in the South Caucasus and Central Asia declared their 

independence in 1991. From that time on, historical and ethnic backgrounds of Turkic states 

have brought them together firstly in the Cooperation Council of Turkic-Speaking States and 

then in Organization of Turkic States [6]. All these efforts have been important due to creation 

of a power block in Central Asia. Moreover, the geographical area of these countries has critical 

importance [7]. With its wide range of landscape and climatic conditions, this area seems to be 

on the spotlight of climate crisis researchers in the near future. Moreover, this wide 

geographical area, which includes the main fault zones historically produced massive 

earthquakes. In this context, the main purpose of this study is to analyse the impacts of major 

earthquakes on economic growth and income inequality in independent Turkic states. However, 

there are still inadequate studies on the impacts of earthquakes in this country group. In this 

respect, the empirical results of this study are expected to make a significant contribution to the 

related literature. Hopefully, the empirical results will shed light on the socioeconomic impacts 

of earthquakes in this country group and the development of sustainable policy tools to decrease 

negative impacts. This country group has a special importance due to the fact that their 

independencies are relatively new (apart from Türkiye). Hence, their economies are more 

vulnerable than the similar developing countries. Also, their geography has an important role 

in the contemporary world. What is more, this role is expected to enhance by Turkic World 

Vision-2040. Organization of Turkic States has declared Turkic World Vision-2040 as an act 

focusing on economic and sectoral cooperation in transport. In particular, the use of the Trans-

Caspian East-West Corridor has been targeted to widen and the new Zengezur Corridor has 

been targeted to be jointly built by Türkiye and Azerbaijan. The increase in transportation in 

the region is expected to increase the macroregional economic development in the near future. 

This will lead the region to have a more critical role in the global economy. In this respect, the 

examinations about independent Turkic states have critical importance in the contemporary 

world [8]. In this context, the first section of the study is devoted to the nexus between 

earthquakes and sustainable development in terms of economic growth and income inequality. 

The second section reviews the literature. The third section is devoted to the methodology and 

empirical results. Finally, in the conclusions, sustainable policy recommendations are proposed.  

 

2. Earthquakes as a Natural Fact in Turkic States 

 

Earthquakes are natural disasters that have several socioeconomic consequences in the short, 

medium and long-term. In the course of an earthquake, human, capital and infrastructure losses 

occur. However, this sudden impact is not the only one. From the occurrence of the earthquake 

through the first 6 months, inflation increases; investments in capital and infrastructure 

accelerate and government expenditures for disaster victims increase. From 6 months to 3 years, 

the volume of tourism decreases; foreign direct investments decrease; government expenditures 

increase and income inequality rises. Even after 3 years, structural changes still occur due to 

the earthquake [9]. All these impacts can also be classified as direct, indirect and induced 

impacts. The direct impacts include physical destruction of infrastructure, buildings, machinery 
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and agricultural assets. However, indirect impacts imply that production and income decrease 

due to stock losses. Lastly, induced impacts indicate total effects on macroeconomic variables 

such as GDP (Gross Domestic Product), consumption and inflation [10]. All the 

aforementioned impacts are critical for all economies and nations. However, there is no doubt 

that they are more critical for developing countries in which GDP levels are lower and markets 

are more vulnerable [11]. 

 

Independent Turkic states (Azerbaijan, Kazakhstan, Kyrgyzstan, Turkmenistan, Türkiye and 

Uzbekistan) are developing countries that share the same ethnic historical background [12]. 

After the end of the 1st World War, Republic of Türkiye has been founded in 1923 in Anatolia. 

It had a great success against imperial countries and this new country was a secular bridge 

between Europe and Central Asia [13]. The fundamental notion behind the unity of citizens was 

the Turkic identity and nationalism as the mainstream policy. After the end of the Cold War, 

the USSR collapsed and Azerbaijan, Kazakhstan, Kyrgyzstan, Turkmenistan and Uzbekistan 

announced their liberties one by one in 1991. Hence, the number of independent Turkic states 

increased worldwide with the emergence of these new countries in Central Asia and the 

Caucasus [14]. After that time, independent Turkic states followed friendly foreign policies due 

to their ethno-historical background and linguistic unity. Organization of Turkic States which 

was first established with the heading of the Cooperation Council of Turkic-Speaking States, 

has been the most remarkable attempt to provide a union between independent Turkic states 

[6]. The founders of the organization were Azerbaijan, Kazakhstan, Kyrgyzstan and Türkiye. 

Then Uzbekistan and Turkmenistan joined the organization. The main object of this union has 

been declared as fostering comprehensive cooperation among Turkic states.  It aims to enhance 

cooperation in terms of the economy, science, education, tourism and other fields [15]. 

Although all these efforts are remarkable, there is an underestimated and undiscussable area. 

Natural disasters are at the spotlight of the contemporary world. The magnitudes and 

frequencies of these events have increased because of the global climate crises [3]. More 

importantly, humanity will face more severe disasters. In this sense, it is critical to understand 

the impacts of these disasters on societies and economies.  

 

It’s known that there are several fault zones in Central Asia, the South Caucasus and Anatolia. 

Although the main earthquake area across these countries is Türkiye, other countries have also 

experienced massive earthquakes in their histories. The examples include the Azerbaijan 

Shemakha Earthquake in 1667 (6.9); the Azerbaijan Shemakha Earthquake in 1902 (6.9); the 

Turkmenistan Ashgabat Earthquake in 1929 (7.4); the Turkmenistan Ashgabat Earthquake in 

1948 (7.3); the Turkmenistan Nebitday – Turkmenbashi Earthquake in 2000 (7.0); the 

Uzbekistan Tashkent Earthquake in 1937 (6.5); the Uzbekistan Tashkent Earthquake in 1966 

(6.9); the Uzbekistan Gazli – Bukhara Earthquake in 1976 (7.0); the Uzbekistan Gazli 

Earthquake in 1984 (7.0); the Kazakhstan Vernensk Earthquake in 1887 (7.3); the Kazakhstan 

Alma-Ata Earthquake in 1889 (8.3); the Kazakhstan Alma-Ata Earthquake in 1911 (7.7); the 

Kazakhstan Alma-Ata Earthquake in 1978 (7.1); the Kyrgyzstan Belovodskoje Earthquake in 

1885 (6.9); the Kyrgyzstan Earthquake in 1946 (7.6); the  Kyrgyzstan Toluk Earthquake in 

1992 (7.5). As underlined before, Türkiye is an earthquake country because of its geographical 

features. Several massive earthquakes have occurred in Turkish history such as the Türkiye 

Erzincan Earthquake in 1939 (7.9); the Türkiye Samsun Earthquake in 1943 (7.2); the Türkiye 

Van Earthquake in 1976 (7.5); the Türkiye Golcuk-Kocaeli Earthquake in 1999 (7.8); the 

Türkiye Van Earthquake in 2011 (7.2) and the Türkiye Kahramanmaras Earthquakes in 2023 

(7.8 and 7.6). The values in parentheses are the magnitudes of earthquakes. Table 1 summarizes 

the main active faults across independent Turkic states. All information in Table 1 were 

collected from AFEAD [16]. 
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Table 1. Main active faults across independent Turkic States 

Country Fault 

Azerbaijan 

Main Thrust of Great Caucasus Fault 

Malkamude Thrust Fault 

Kodjashen Fault 

Saliany – Liangabiz Fault 

Apsheron Threshold Fault 

Vandam Fault 

Kazakhstan 

Chingiz – Tarbagatay Fault 

Tarbagatai Fault 

Chingis – Narym Fault 

Karatau Fault 

Kendaktas Fault 

Sarkand Fault 

Main Dzhungarian Fault 

Kyrgyzstan 

Talas – Fergana Fault 

Arslanbob Fault 

Issyk – Ata Fault 

Frontal Terskey Fault 

South Chongkemin Fault 

Chonkurchak Fault 

North Naryn Fault 

Türkiye 

North Anatolian Fault 

East Anatolian Fault 

North Marmara Fault 

Gediz Graben 

Southeast Hellenic Trench 

Great Menderes Graben 

Salt Lake Fault 

Edremit Fault 

Akdag Graben Fault 

Cyprus Trench Fault 

Turkmenistan 

Main Kopet Dagh Fault 

Kum Dagh Fault 

Isak – Cheleken Fault 

Ghiaur Dagh Fault 

Uzbekistan 

North Kuldjuktau Fault 

South Atoynok Fault 

Kulkuduk Fault 

Central Ustiurt Fault 

 

 

All these active faults have produced massive earthquakes in historical manner. Despite 

providing some examples of massive earthquakes in the history of Turkic states, Table 2 

summarizes them with their times and places between 1991 and 2023. This time period was 

selected due to the independence declaration dates of Azerbaijan, Kazakhstan, Kyrgyzstan, 

Turkmenistan and Uzbekistan.  
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Table 2. Massive earthquakes in Independent Turkic States, 1991 – 2023 

 

Date Place Magnitude 

Azerbaijan 

04.06.1999 Agdas, Ucar, Agali 5.4 

25.11.2000 Baku 6.8 

07.05.2012 Zagatala 5.7 

11.05.2017 Iran-Ardabil 5.1 

05.06.2018 Shaki-Zaqatala 5.3 

05.02.2019 Shemakha 5.0 

Kazakhstan 

13.06.2009 Tekeli 6.3 

Kyrgyzstan 

15.05.1992 Osh 6.2 

19.08.1992 Toluk 7.5 

09.01.1997 Dzhergetal, Koshtebe,Kazarman 5.8 

05.09.2002 Not known 5.5 

15.12.2006 Kochkor 5.8 

08.01.2007 Isfaria 6.0 

01.01.2008 Osh 5.6 

05.10.2008 Nora 6.6 

17.11.2015 Osh 5.6 

Turkmenistan 

06.12.2000 Nebitday – Turkmenbashi 7.0 

Uzbekistan 

15.05.1992 Andızhan 6.2 

19.07.2011 Fargona, Violyati 6.1 

Türkiye 

13.03.1992 Erzincan 6.9 

01.10.1995 Dinar, Evciler 6.4 

27.06.1998 Adana, Ceyhan 6.3 

17.08.1999 Istanbul, Kocaeli, Sakarya 7.6 

12.11.1999 Bolu, Duzce, Adapazarı 7.2 

06.06.2000 Cerkes, Cubuk, Orta 6.0 

15.12.2000 Afyon - Bolvadin 6.0 

03.02.2002 Afyon 6.5 

27.01.2003 Saglamtas, Pulumur 6.1 

05.01.2003 Bingol 6.4 

08.03.2010 Elazig 6.1 

23.10.2011 Ercis, Van 7.1 

10.06.2012 Fethiye 6.1 

20.07.2017 Bodrum, Datca 6.6 

24.01.2020 Elazig, Malatya 6.7 

30.10.2020 Izmir 7.0 

06.02.2023 Kahramanmaras 7.8 - 7.6 

20.02.2023 Kahramanmaras, Malatya 6.3 

Note: Since numerous massive earthquakes occurred after 1991, only earthquakes greater than 6.0 in magnitude 

in Türkiye region are included in the table. 

 

When the magnitudes of earthquakes, number of massive earthquakes and number of active 

faults are compared, Türkiye is the riskiest country across Turkic states. However, Kyrgyzstan 

and Azerbaijan are also observed as high risk countries in terms of earthquakes. Given this, 

earthquakes should be one of the main discussion themes of independent Turkic states. In this 

context, it is critical to understand the socioeconomic impacts of earthquakes. 
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3. Literature Analysis 

 

Natural disasters and their impacts received increasing attention in the literature due to the 

increase in both their frequency and magnitude in parallel with the global climate crises. 

However, although the socioeconomic impacts of natural disasters have been discussed in more 

detail over the last 25 years, the macroeconomic impacts of earthquakes have not yet been 

deeply analysed [17, 18]. It is observed from the literature that natural disasters are discussed 

as a general phenomenon in most studies, without examining in greater detail the type of 

disaster. Only few studies have separated these disasters into climatic and geological disasters 

(please see: [19, 20, 21, 22]).  

 

When the socioeconomic impacts of natural disasters are taken into account, most related 

studies have focused on the impacts of natural disasters on economic growth (such as [3, 20, 

21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36]). However, very few studies have 

focused on the income inequality impacts of these disasters (such as; [19, 34, 37, 38]). 

Moreover, the number of studies focusing on the earthquakes’ macroeconomic impacts is very 

low. These studies can be found in [19, 23, 26, 27, 30, 31, 33, 34, 38, 39, 40, 41].  

 

Another important point in the related literature is the investigations of the studies. It follows 

from the literature that the most of the related studies have investigated negative impacts of 

disasters on economic growth (please see: [23, 3; 25, 39, 27, 28, 29; 31, 42, 34, 41, 35, 43, 9, 

21, 36, 44]). However, some studies have also investigated positive impacts resulting from 

different time periods and country groups (please see: [24, 45, 30; 40, 20, 23]). Even some 

studies have found no significant relationship between natural disasters and economic growth 

(please see: [26, 46, 32]). Lastly, the studies analysing the impacts of disasters on income 

inequality have investigated that disasters increase income inequality (please see: [19, 34, 37]). 

 

Since this study focuses on the impacts of earthquakes, it is important to examine the studies 

having the same axis. In this vein, Huang et al. [23] reported that in Chinese cities, only 

moderate and strong earthquakes had negative impacts on economic growth from 1999 to 2014. 

However, Fisker [33] underlined that earthquakes decrease the growth levels of regions where 

they exist. But when it comes to the nation-level, other regions’ growths may neutralize the 

negative impact at the national level. Similarly, Onuma et al. [39] analysed 173 countries 

between 1960 and 2010 and they found that earthquakes have negative impacts only in the 

midterm. Similarly, Skidmore and Toya [22] explored the relationships between natural 

disasters and macroeconomic indicators. They found that climatic disasters are positively 

correlated with economic growth, while geological disasters are negatively correlated. Noy [21] 

analysed different country sets as to their development levels and the results showed that 

disaster shocks on macroeconomy are handled better in developed countries. Wu and Guo [26] 

conducted an analysis of 31 Chinese provinces between 2000 and 2010. They found that 

earthquakes have no significant impact on economic growth in Chinese provinces. However, 

Best and Burke [27] conducted an analysis of Haiti between 2004 and 2014 and they have 

investigated that earthquake had negative impact on economic growth. Loayza et al. [20] used 

a cross-country panel data set for the 1961 – 2005 period and they investigated significant 

impacts of disasters on economic growth. But they underlined that effects are not always 

negative. Lackner [30] conducted an analysis for 195 countries between years of 1973 – 2015. 

Empirical results showed that earthquakes have negative long-run impacts on economic growth 

in low- and middle-income countries. However, they have positive impacts in high income 

countries. Zhao et al. [31] conducted a panel data analysis of 181 county-level cities in Sichuan 

Province in China between 2003 and 2013. They underlined that the Wenchuan Earthquake had 
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a negative impact on economic growth. However, the recovery period may neutralize this 

negative impact. Sahin and Yavuz [40] also conducted an analysis of 4 OECD (Organisation 

for Economic Cooperation and Development) countries between 2005 and 2014 and they found 

that earthquakes positively affect production in Canada, Chile and Greece. However, they have 

no impact on Türkiye. Yamamura [19] investigated for 86 countries and the 1965 – 2004 period 

that natural disasters increase income inequality in short-term. However, this impact disappears 

in the long-term. Felbermayr and Gröschl [41] conducted an analysis of 108 countries between 

1979 and 2010 years and they detected that poor countries are mainly (and negatively) affected 

by strong earthquakes. Barone and Mocetti [34] analysed impacts of earthquakes occurred in 

Italy in 1976 and 1980. They underlined that earthquakes may decrease growth and increase 

inequality in cases of weak institutions and the lack of financial aid. Anbarci et al. [38] 

estimated a panel data model for 26 countries and the 1960 – 2002 period and they found that 

developed countries are affected less by earthquakes. 

 

When the aforementioned studies are examined, it seems that there is no study analyzing 

independent Turkic states in the context of macroeconomic impacts of earthquakes. Although 

there are several studies in spite of massive earthquakes in this country group (such as [47, 48, 

49, 50]), they neither examine their impacts on economic growth and income inequality, nor 

analyse the related countries as a group. In this context, this paper is the first study analyzing 

independent Turkic states in terms of macroeconomic impacts of massive earthquakes. 

Moreover, this paper contributes to the literature on the point that it analyses the period after 

1991 for this country group. This starting date was determined as to the independence 

declarations of Azerbaijan, Kazakhstan, Kyrgyzstan, Turkmenistan and Uzbekistan. 

Consequently, the empirical findings may have critical importance for policy formation in these 

countries. 

 

4. Methodology 

 

4.1. Data and Models 

 

Three different types of data sets can be used in econometric analyses as time series data set, 

cross-sectional data set and panel data set. Panel data has some superiorities over two other data 

sets. First, they provide more efficient estimations due to higher degrees of freedom [51]. 

Second, they decrease the possibility of multicollinearity between independent variables. Third, 

by taking into account both time and cross section dimensions, they make it possible to deepen 

the analyses [52]. In this study, a panel data set covering the 1991 – 2022 period and 6 

independent Turkic states, are used. This time period has been selected due to the declaration 

of independence of 5 Turkic states (Azerbaijan, Kazakhstan, Kyrgyzstan, Turkmenistan and 

Uzbekistan).  

 

Two different models are estimated in this panel data context. The first model tries to estimate 

the determinants of economic growth and the second model tends to estimate the determinants 

of income inequality. In this sense, the dependent variable of the first model is the economic 

growth rate and the dependent variable of the second model is the GINI coefficient. The 

independent variables of the first model are gross fixed capital formation, labour force 

participation rate, earthquakes and the lagged value of the economic growth rate. Additionally, 

the independent variables of the second model are the economic growth rate, inflation, 

unemployment and earthquakes. Table 3 summarizes the variables and their notations. 
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Table 3. Variables and their notations 

Model 1 Model 2 

Notation Variable Notation Variable 

GROWTH Economic Growth Rate GINI GINI Index 

GFCF Gross Fixed Capital 

Formation Rate 

GROWTH Economic Growth Rate 

LFPR Labor Force Participation 

Rate 

INF Inflation Rate 

GROWTH(-1) One Year Lagged Value 

of Economic Growth 

UNEMP Unemployment Rate 

QUAKE Earthquakes QUAKE Earthquakes 

RD Research and 

Development 

  

 

In the first model, GROWTH is the annual percentage growth of Gross Domestic Product 

(GDP) and GFCF is the gross fixed capital formation as a percentage of GDP. LFPR is the labor 

force as a percentage of total population between the ages 15 and 64. RD is research and 

development expenditures as a percentage of GDP. QUAKE is a dummy variable expressing 

the earthquakes greater than the magnitude 5.0. Dummy variables are dichotomous variables 

that are constructed with a qualitative approach. In this sense, they are formed from 1s and 0s 

[52]. They provide ease to measure the impacts of qualitative variables and hence increase the 

explanatory power of the regression [53]. In our model, the existence of massive earthquakes 

is demonstrated by QUAKE dummy variable. In this manner, if at least one earthquake with a 

magnitude greater than 5.0, has occurred in a year, then it’s marked as 1 in the series. Finally, 

GROWTH(-1) is the one-year lagged value of economic growth rate. This variable is added to 

the model because the economic growth process expresses path dependency [3, 29, 55, 56, 57]. 

The first model can be expressed as follows: 

 
GROWTHit = β0 + β1GFCFit + β2LFPRit + β3RDit + β4QUAKEit + β5GROWTH(-1)it +eit            (1) 

 

where, i expresses the cross section dimension and t expresses the time dimension. Finally, e is 

the error term.  

 

In the second model, GINI refers to the GINI coefficient indicating income inequality. It 

measures the distribution of income across a nation. As much it deviates from 0, income 

inequality increases so much [57]. Moreover, GROWTH variable is the annual percentage 

growth of GDP as in the first model. INF is the annual percentage increase in consumer prices. 

UNEMP is the unemployment rate as a percentage of total laborforce. And lastly, QUAKE is 

the earthquake dummy as in the first model. Apart from earthquakes data, all other data have 

been retrieved from World Development Indicators Database [77]. However, earthquakes data 

have been retrieved from NOAA (National Centers for Environmental Information) [76] and 

KOERI BOUN (Bogazici University Kandilli Observatory and Earthquake Research Institute) 

[75].  The expression of the second model where i expressing cross section dimension, t 

expressing time dimension and e expressing error term, is expressed as follows: 

 
GINIit = β0 + β1GROWTHit + β2INFit + β3UNEMPit + β4QUAKEit +eit                 (2) 

 

Both models were constructed following the related literature. The first model is a basic Solow 

Growth Model based on Cobb-Douglas Production Function Approach. In this approach, output 

level is determined mainly by physical capital, labor force and production technology. This 

model is enhanced by the addition of natural disasters (please see: [24, 3, 30, 41, 33, 20, 21, 

59]). However, there are different results in terms of the impacts of earthquakes on economic 
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growth process. Although most of the studies have found negative impacts of earthquakes on 

economic growth [3, 30, 41, 33, 21], some of them have found no impact [20] and even some 

studies have found positive impacts due to the recovery affords in the long-run [24]. Across all 

these studies, some evidences have pointed out that impacts change as to countries/country 

groups and time span [24, 20, 59].  

 

The second model is based on the sustainability approach in terms of income inequality (please 

see: [60, 61; 19, 37, 38, 62, 63]). In this context, following the related literature, the main 

determinants of the Gini coefficient have been taken into account and earthquakes have been 

added as another factor affecting income inequality in the model. Again there are contradicting 

empirical results in the literature. As an example, Keerthiratne and Tol [60] found that 

earthquakes decrease income inequality in Sri Lanka. However, Yamamura [19] underlined that 

earthquakes may increase income inequality in the short-run, but this effect may disappear in 

the long-run.   

 

4.2. Empirical Methods and Results 

 

In this study, two models are estimated via panel data analysis methods to test the impacts of 

earthquakes on economic growth and income inequality. In this respect, firstly, cross section 

dependencies of series were checked. This is an important step because if cross sectional 

dependency exists, then second generation unit root tests should be applied to check the validity 

of stationarity. First generation unit root tests produce erroneous results when cross sectional 

dependency ignorance [64, 65]. While checking the cross section dependency, it is critical to 

select a suitable test for the related data set. There are frequently used different tests as Breush-

Pagan LM Test, Pesaran Scaled LM Test, Bias-Corrected Scaled LM Test and Pesaran CD Test. 

When cross section dimension is low (i=6) and time dimension is long enough (t= 31), Breusch 

– Pagan LM Test is suitable to apply [66, 67]. Null hypothesis of this test assumes no cross 

section dependency. Since QUAKE is a dummy variable set, cross section dependency test was 

not conducted for this series. Table 4 expresses Breusch – Pagan LM Test results for the series 

in the first model. 

 
Table 4. Breusch – Pagan LM Test results for the growth model 

 

Series t Statistic Probability Evidence 

GROWTH 167.5007 0.0000 Cross section dependency 

GFCF 33.37421 0.0042 Cross section dependency 

LFPR 170.2333 0.0000 Cross section dependency 

RD 120.4142 0.0000 Cross section dependency 

 

 

The Breusch-Pagam LM Test results show that all four series have cross section dependency. 

In this case, second generation unit root tests should be applied to check the validity of 

stationarity. Pesaran [67] has proposed the CIPS unit root test which has built upon IPS (Im, 

Pesaran and Shin) Test and aimed to improve its performance in panel data. The CIPS Test is 

especially effective when the time dimension is relatively large [68]. Table 5 summarizes the 

results of the CIPS Unit Root Test. 

 

 



Burcu Türkcan 

Impacts of Earthquakes on Economic Growth and Income Inequality in Independent Turkic States 

 

Academic Platform Journal of Natural Hazards and Disaster Management 5(2), 58-75, 2024               67 

 
Table 5. CIPS Unit Root Test results for the growth model 

 

Series t Statistic Probability Evidence 

GROWTH -3.02329 <0.01 Stationary 

GFCF -2.55220 <0.05 Stationary 

LFPR -2.22270 <0.10 Stationary 

RD -1.18906 >=0.10 Not stationary 

 

Table 5 exhibits that GROWTH has no unit root problem at 1% significance level. GFCF and 

LFPR do not also have unit root problems at the 5% and 10% significance levels respectively. 

However, RD has unit root problem. In this sense, first difference of the series has been taken 

and then the CIPS test was applied again. The test results showed that t statistic is 3.73702 

indicating stationarity at 1% significance level. Hence, the first difference of RD has been used 

in our model. After detecting the stationarity of series, the next step is determining the type of 

the model to estimate. In this manner, a panel data model may either be fixed effects model or 

random effects model and Hausman Test expresses true type of model to be estimated. The null 

hypothesis of this test assumes the validity of fixed effects, while the alternative hypothesis 

assumes random effects [69]. Table 6 exhibits the Hausman Test results for the first model. 

Table 6. Hausman Test results for the growth model 

 

Model Chi-Sq. Statistic Probability Evidence 

Growth Model 1.647824 0.8954 Random Effects 

  

After determining the type of the model, the GMM technique was used to estimate the first 

model. The GMM Technique which has a superiority over Maximum Likelihood, has been a 

widely used technique in panel data [70]. It is widely accepted that Least Squares Procedure 

produces large biases in panel data and what is more is that Maximum Likelihood Method is 

also insufficient to estimate true model [71]. Lagged values of the independent variables have 

been used as instrumental variables. Lag selection were made through AIC criteria [71]. Table 

7 shows the GMM estimation results. 

Table 7. GMM estimation results of the growth model 

 

Variable Coefficient t-Statistic Probability 

Constant -16.64984 -1.925621 0.0568* 

GFCF 0.172461 1.934909 0.0557* 

LFPR 0.171951 0.171951 0.0743* 

QUAKES 8.140416 8.140416 0.1194 

GROWTH(-1) 0.810792 0.810792 0.0000*** 

Note: * stands for 10% significance level; ** stands for 5% significance level and *** stands for 1% 

significance level. 

 

The estimation results show that as expected, gross fixed capital formation, the labour force 

participation rate and one-year lagged value of economic growth are all statistically significant 

and have positive impact on economic growth rate. However, earthquakes greater than 5.0 
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magnitude has no statistically significant impact on the economic growth rate. This evidence is 

consistent with the findings of [24], [20] and [59].  

For a more in-depth analysis, the second model is conducted. This model assumes that the 

existence of massive earthquakes is a determinant of income inequality. Again, the Breusch-

Pagan LM Test was conducted as the first step. Since the GINI is an index series and QUAKE 

is a dummy variable series, their cross section dependencies have not been detected.  Table 8 

summarizes the results for the series. 

Table 8. Breusch – Pagan LM Test results for the income inequality model 

 

Series t Statistic Probability Evidence 

INF 65.76880 0.0000 Cross section dependency 

UNEMP 217.5324 0.0000 Cross section dependency 

GROWTH 167.5007 0.0000 Cross section dependency 

 

Since all the series have cross section dependency, the next step is to check the validity of the 

stationarity. In this manner, CIPS unit root test was conducted. Table 9 summarizes the results. 

Table 9. CIPS Unit Root Test results for the income inequality model 

 

Series t Statistic Probability Evidence 

INF -1.26983 >=0.10 Not stationary 

UNEMP -1.32631 >=0.10 Not stationary 

GROWTH -3.02329 <0.01 Stationary 

 

It is observed from the results that while inflation and unemployment are not stationary at the 

level, growth is stationary. Therefore, the first difference of both series have been taken and 

stationarity has been detected. CIPS results have proved that both series are stationary at their 

fisrt differenced forms. INF had -2.418 t-statistic value and UNEMP had -3.508 t-statistic value 

indicating statistical significances at 10% and 1% respectively. After handling stationary series, 

the Hausman Test has been applied to determine the type of the model. Table 10 exhibits the 

results. 

Table 10. Hausman Test results for the income inequality model 

 

Model Chi-Sq. Statistic Probability Evidence 

Income Inequality Model 5.144645 0.2728 Random Effects 

 

The Hausman Test Results indicate that Income Inequality Model has also the form of random 

effects. In this manner, GMM estimation has been conducted with random effects in our model. 

Table 11 shows the empirical results. 
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Table 11. GMM estimation results for the income inequality model 

 

Variable Coefficient t-Statistic Probability 

Constant 23.29859 8.909452 0.0000*** 

INF 0.401101 0.784368                0.4366 

UNEMP 7.617754 3.222919 0.0023** 

GROWTH 1.161668 2.590098 0.0126** 

QUAKES 11.90413 5.024242 0.0000*** 

Note: * stands for 10% significance level; ** stands for 5% significance level and *** stands for 1% 

significance level. 

 

The estimation results show that unemployment, economic growth and earthquakes are the 

determinants of GINI coefficients in Turkic states. However, it seems that inflation has no 

statistically significant effect on income inequality. Moreover, all the significant determinants 

have positive impacts on the dependent variable. For the sake of clarity, it is important to 

remember that the higher the GINI coefficient means the higher distortions in income 

inequality. In this manner, it is observed that as unemployment and economic growth rate 

increase, income inequality increases, too. Also, the occurrence of massive earthquakes 

increases income inequality in this country group. 

5. Conclusions  

 

Earthquakes are natural disasters of that existences cannot be foreseen all the time and impacts 

are great in both fatalities and damages. Since the global climate crisis began, the number and 

magnitude of natural disasters have increased. Recently, two devastating earthquakes occurred 

in Türkiye on February 6, 2023. This has caused thousands of people to die and numerous 

buildings and infrastructure to collapse. Other independent Turkic states have also experienced 

massive earthquakes in recent years. With their destructive results, earthquakes seem critical 

for all these countries. Moreover, all independent Turkic states are classified as developing 

countries. Such countries are characterized with less developed industrial structures and lower 

human development levels.2 Azerbaijan, Kazakhstan, Kyrgyzstan, Turkmenistan and 

Uzbekistan have gained their independences in 1991. Since they had been under the control of 

the USSR for a long time period, it is critical for them to establish appropriate public policies 

for sustainable development. Also, their geography has a strategic role in the contemporary 

world. Organization of Turkic States has declared Turkic World Vision-2040 for the extended 

use of the Trans-Caspian East-West Corridor and for the joint construction of new Zengezur 

Corridor. It’s expected that higher transportation rates will lead to higher strategic importance 

of this region in the near future. In this respect, the examinations about independent Turkic 

states have critical importance [8]. 

Following all these facts, this study tries to shed light on the impacts of massive earthquakes 

on economic growth and income inequality in Turkic states. Empirical findings suggest that 

earthquakes have no statistically significant impact on economic growth. However, these 

findings are in line with the literature. Most of the empirical studies have investigated that 

earthquakes have no significant impact or they have positive impacts in the long run. This result 

occurs due to high investments on the earthquake region. If these investments are supported by 
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structural reforms, excellent planning and strong institutions, it is possible to overcome short-

run negative impacts [32, 46, 35]. However, economic growth is a quantitative notion and 

cannot tell us everything about the sustainability. In this manner, it is important to research the 

sustainability facts behind the earthquakes. At this point, a basic question arises. What if 

earthquakes do not affect the growth process but detoriate income distribution? Empirical 

analyses of this study investigated that the existence of massive earthquakes in Turkic states 

between 1991 and 2022, causes higher income inequality. Again this result is in the same line 

with the related literature. Although there are only few studies examining this relationship, the 

existed ones have underlined that massive earthquakes increase income inequality [37]. 

However, here there is an important explanation in the literature, too. Nearly all studies 

examining the impacts of natural disasters on income inequality have underlined that less 

developed and developing countries have been affected more from disasters [45, 30, 36]. In this 

sense, there is a policy dilemma for developing countries as choosing to invest in structural 

reforms in terms of disaster-resilient societies or choosing to invest in growth-oriented policies. 

The first is probably time-consuming and costly but the latter means greater fatalities and 

damage in the case of a massive earthquake. Growth-oriented policies may increase GDP per 

capita in the short-run but it will not sustain welfare in the long-run. In this case, societal well-

being would be underestimated and sustainable development would be laid aside.  

In summary, massive earthquakes seem critical for the sustainable development journeys of 

independent Turkic states. Historically, devastating earthquakes have been experienced several 

times in each country and it seems that the frequency of natural disasters will increase in the 

near future. In this manner, it is important to take right policy actions in terms of sustainability. 

Precautions seem critical for earthquake-resilient societies and economies.    

Notes 

 

1. In these studies, there is an implicit assumption that earthquakes are independent of the 

global climate crisis. However, since the world is an integrated complex system [72], actually 

it is impossible to think earthquakes apart from the climate crisis. 

 

2. For the list of developing countries, please visit [73]. 
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