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Abstract 
 

To investigate the complex human-environmental systems in the Eurasian low- 

and middle-income countries of Azerbaijan and Kyrgyzstan, I apply both qualitative 

and quantitative methods to four different topics: (1) creating a Toxic Site Identification 

Program dataset, (2) integrating indigenous knowledge and geospatial analyses, (3) 

designing a model to reduce toxic hazards from inland bodies of water, and (4) 

forecasting repeated ethnic conflict through the lens of human-environmental 

challenges from climate, migration, and conflict. I address research gaps in 

understudied and data-poor LMICs by generating new datasets and models to address 

human-environmental problems. 
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Chapter 1. Research Objectives 

Low- and middle-income countries (LMICs) lack many of the resources necessary 

to address impacts on human well-being of hazards such as ethnic conflict, sudden climate 

change, or exposure to environmental pollutants. A core tenet of scholarship on hazards is 

that vulnerability to conflict, technological hazards, and extreme weather events is 

conditioned on a range of socioeconomic and political features of human society (Hamann 

et al., 2018). Although numerous studies explore these interactions through use of high-

level, aggregate economic and environmental data, there is an ongoing need for scholarship 

that explores specific underlying pathways at finer-scaled resolutions of regions and 

people. 

Investigating human well-being and vulnerability in LMICs faces a range of data 

challenges. While resource needs for dealing with hazards are often considered in terms of 

social and economic capacity, an important form of resource challenge is that these 

countries often face a paucity of data on the most basic human and environment systems 

that define the impacts of a range of hazards. Existing research tends to focus on high-

income countries rather than LMICs for a variety of reasons but one challenge is the 

scarcity of relevant local data on many basic features of society and the environment 

(Feinstein, 1993; Macinko et al., 2003). In addition to basic availability issues, data 

quality for LMICs is often poor. In terms of data on human systems, for example, available 

demographic information is limited in the scope of population characteristics measured. 

These data quality issues serve to limit the identification and assessment of many aspects 

of human-wellbeing in vulnerable populations. There are also challenges in finding good 

environmental data, such as information on natural hazards, sudden climate change, or the 
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potential for exposure to chemicals from hazardous sites (Ahouissoussi et al., 2014; 

Ericson et al., 2013; Leonardelli, 2016).  

 My dissertation explores innovative ways to develop, in the face of data scarcity, 

an understanding of human well-being concerning hazards, including ethnic conflict, 

climate shifts, and environment hazards. The overarching question I seek to address in this 

dissertation is ‘How can we use spatial modeling to understand human well-being in the 

face of poor data in low- and middle-income countries (LMICs)?’ Specifically, I examine 

the Eurasian and former post-Soviet republics of Azerbaijan and Kyrgyzstan as case studies 

to demonstrate how mixed-methods can help scholars increase our understanding of 

important kinds of human vulnerability in data-poor LMICs. In Azerbaijan, I focus on how 

toxic sites from the Soviet era affect people today and how the most vulnerable 

communities are unable to migrate away from these locations, and indeed may have to 

move toward these toxic sites to seek employment opportunities. I also examine how ethnic 

tensions within Eurasia, specifically Kyrgyzstan, after the collapse of the Soviet Union 

have persisted and have caused repeated eruptions of civil unrest and ethnic clashes. Both 

Azerbaijan and Kyrgyzstan are strong case studies to address my research questions 

because they both face a paucity of environmental and social data. 

1.1. Dissertation Overview 
 

In chapters two through five I examine various facets of human well-being with 

approaches designed to work around the paucity of data regarding inequalities, health 

disparities, and environmental changes in Azerbaijan and the causes of ethnic conflict in 

terms of climate shifts, migration changes, and conflict triggers in Kyrgyzstan. Each of 

these four chapters corresponds to a paper on different yet related topics: (1) creation of 
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the Toxic Site Identification Program (TSIP) dataset for Azerbaijan; (2) integration of local 

knowledge and geospatial analyses of environmental pollution in Azerbaijan; (3) cost-

effective modelling for pollution reduction of inland bodies of water in Azerbaijan; and (4) 

the examination of climate shifts, migration and conflict intersections in regards to the 

triggers of ethnic conflict in  Kyrgyzstan. My dissertation describes how understanding 

complex human-environmental systems in data-poor LMICs requires both qualitative and 

quantitative methods, which led me to incorporate fieldwork, spatial analysis, and 

interdisciplinary approaches. 

 

Toxic Site Identification Program [TSIP] in Azerbaijan 

Chapter two is the paper ‘Toxic Site Identification Program in Azerbaijan’ 

(published in Environmental Management (2019). This article describes how I assisted in 

the development of the first toxic exposure dataset in Azerbaijan, which ranks and 

identifies the level of toxic severity to human health (conducted between 2012-2018). 

Azerbaijan is one of the most polluted post-Soviet nations but has limited resources to 

address and manage its polluted sites. My work resulted in a published dataset that 

contributes to the first reliable data source to identify Soviet legacy toxic sites that are 

negatively affecting the local communities. Moreover, the TSIP approach is especially 

well-suited for other low- and middle-income countries (LMICs), especially Eurasian 

nations, that are impacted by the Soviet legacy pollutants. 
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Azerbaijan’s Social Inequality & Vulnerability to Environmental Hazards 

Chapter three is a qualitative research study that examines how can we evaluate the 

connection between social inequality (health disparities and unemployment) and proximity 

to toxic sites in a data poor environment (accepted for publication in Caucasus Survey 

Journal, 2021). Answering this question requires close investigation of technological 

hazards in complex human-environmental systems coupled with extensive 

fieldwork. Technological hazards have always existed. However, in recent years they are 

increasingly recognized as both a negative consequence of human-environment interaction 

and as a proxy through which to appreciate larger social and environmental dynamics. 

Much of the work for this chapter is informed by research on environmental change that 

emphasizes the significance of hazards in the contexts of political, social-economic, and 

health vulnerability.  

 

Nature-based management scenarios for the Khojasan lake in Azerbaijan 

Chapter four is a quantitative study titled ‘Nature-based management scenarios for 

the Khojasan lake in Azerbaijan’ accepted for publication in Sustainable Water Resources 

Management in 2021. In this work we developed an effective approach to address 

wastewater treatment within low- and -middle income countries. To answer this question, 

we developed an integrated lake management (ILM) model. The goal of our model is to 

reduce identified Toxic Site Identification Program (TSIP) pollution levels in one of 

Azerbaijan’s most polluted lakes.  
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Geospatial Dynamics of Forecasting Ethnic Conflict in Krgyzstan 

Chapter five focuses on understanding the causes of ethnic conflicts in low-income 

transitioning countries (LICs), such as Kyrgyzstan. While there is an extensive literature 

on predicting the location of ethnic conflicts, there is little work that explicitly combines 

geospatial and fieldwork-based approaches. In this study I assess how multi-criteria 

evaluation can help predict ethnic conflict in a data scarce LIC such as Kyrgyzstan by using 

the Climate-Migration-Conflict Nexus (CMCN) framework (Burrows & Kinney, 2016) to 

support the selection of factors that influence ethnic conflict in Kyrgyzstan. 

 

1.2. Conclusion 

Data, especially high-quality data, is essential for national governments and 

institutions to effectively develop, evaluate, and fund national programs and policies. 

Moreover, having data on hand is the crucial first step to launching most policy or human-

environmental focused projects. However, insufficient data availability makes decision 

making and project implementation difficult if not impossible to initiate. Therefore, if data 

is not available or incomplete, it is necessary for geographers to explore various ways we 

can collect new forms of data and make better use of data already available in order to 

address human-environmental issues, especially in understudied, low-and middle-income 

countries (LMICs). Of course, this is easier said than done. In addition to basic resource 

limitations, such as the lack of people or funding to conduct surveys or launch satellites, 

countries may also lack an entrenched culture of data use. Since the independence of 
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Eurasian nations from the former Soviet Union decisions around economic, environmental, 

and political development was based on data that was not credible, accurate, or timely. 

Geographers and other social scientists have an important role to play in 

understudied LMICs, including Eurasian nations where ethnic conflict, climate changes, 

and toxic hazards are of serious concern but may be overlooked due to the paucity of data. 

I argue in my dissertation that it is critical that we start somewhere, and a good place is to 

consider creative approaches to modeling human-environmental systems by using a 

combination of diverse population and environmental data sets, coupled with regional 

skills (i.e., regional expertise: knowledge of regional languages, and establishing in-

country networks). My dissertation intends to further the conversation about Eurasia, 

increasing the number of regionally focused geography scholars to develop new research 

methods. 
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Chapter 2. Toxic Site Identification Program [TSIP] in Azerbaijan 

Abstract 

 

The need to protect communities from hazardous waste is an important 

agenda for any nation. Although pollutant management and policy development are 

attempted in many developing countries, they are not always successful due to limited 

funds, project resources, and access to trained experts to conduct toxic site identification 

projects. For this reason, Pure Earth created the Toxic Site Identification Program (TSIP). 

The goal of the TSIP program is to provide reliable information and data that identifies 

location of toxic sites and the level of toxic severity. TSIP is significant because it 

provides developing countries a database of ranked toxic sites identified as hazardous risk 

to human health. For example, Azerbaijan is one of the most polluted post-Soviet nations 

but has limited resources to address and manage its polluted sites. The Azerbaijani TSIP 

database is the first reliable data source that identifies hazardous pollutants in the country. 

Our study is significant because it discusses how the TSIP labels and ranks the level of 

toxic severity to human health. It is also the first data source in Azerbaijan that identifies 

which Soviet legacy toxic sites are affecting local communities. Although our study is 

specific to Azerbaijan, the TSIP method can be applied to nations with similar data 

limitations and the need for a database that identifies country specific environmental and 

hazardous locations. The data sampling method and results are mapped and accompanied 

by tables of the collected pollutant types to identify communities at greatest health-risk 

to legacy toxic sites. 

Keywords: Toxic sites, Pollution, Pesticides, Benzene, Metals, Health impacts 

 
Note: This chapter is a publication: Abbasov, R., Cervantes de Blois, C.L., Sharov, P. et al. Toxic Site Identification 

Program in Azerbaijan. Environmental Management 64, 794–808 (2019). https://doi.org/10.1007/s00267-019-01215-1 
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2.1. Introduction 

Over the last 150 years Azerbaijan was one of the principal oil producing and 

processing countries without adequate environmental management practices (Bickham et 

al. 1998;  Islamzadeh and Khalilova 2003). Azerbaijan was also one of the main producers 

and users of toxic substances for industrial and agricultural production (Bickham et al. 

2003). Estimations and inventories confirmed during the Soviet period, that ~25,000 tons 

of DDT pesticide were used in Azerbaijan yearly (Aliyeva et al. 2013), which lead to large 

scale, and unmanageable toxic pollution in the country (Sharov et al. 2016; Swartz et al. 

2003). The remaining polluted sites, from the Soviet period, have been found in nearly 

all parts of Azerbaijan, which include both large and small pollution hotpots (Sharov et 

al. 2016, 2019). Pollutants may result from broad scale anthropogenic activities, which 

can cause serious health related issues (Albergo 2009). There is an intensive body of 

literature focused on toxic sites and various contaminants affecting human populations that 

is based in the United States (Wyzga and Folinsbee 1995; Amin et al. 2018; Elliott and 

Frickel 2013; Wuana and Okieimen 2011) and on contaminated sites and methods 

addressing pollutants that threaten human health (e.g., Environmental Protection Agency, 

EPA) (Boyd 2016; Ho and Hite 2008; Brender et al. 2011; Najem and Cappadoa 1991; 

Soliman et al. 1993; Russi et al. 2008).  

There is also an extensive body of research conducted in Canada that focuses on 

soil contamination, environmental cleanup projects, and policies addressing hazardous 

threats (Reyes et al. 2015; Bussières et al. 2004; Health Canada 1995; Goldberg et al. 1999; 

Fischer 1995). In addition to these studies, there is research  that focuses on a specific 

pollutant-type and its interaction with human health, such as hazardous waste sites (Elliott 
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and Frickel 2013), air pollution (Miettenen 1988; Miraglia et al. 2005; Grimalt 2001; Sun 

and Zhu 2019; Coker and Kizito 2018), mercury (Bernhoft 2012), sodium azide (Chang 

and Lamm 2003), lead, and volatile organic compounds (VOCs) (Solomon and Janssen 

2010; Reyes et al. 2015). 

These studies are significant and identify various methods and pollutant-health 

related issues of communities impacted by these studied pollutants, however, there are 

countries that are highly polluted and have been minimally researched due to limited 

resources and funding from the national level. For example, in Azerbaijan, at this point in 

time, there are no conducted studies linking polluted sites and the impact is has on human 

health. In 2006, Azerbaijan was identified as having one of the most polluted cities in the 

world (i.e., Sumgayit) due to the Soviet legacy and the lack of resources to address its 

pollutant problem after the Soviet era. For this reason, our study is important because the 

TSIP identifies the number of people who live near toxic sites and the level of the toxic 

severity. The TSIP method can be applied to other low- to middle-income countries that 

have unidentified or unattended toxic sites, which pose serious impacts on human health. 

In Azerbaijan, toxic pollutants have caused a broad range of negative health impacts 

within the population and have increased the cost of living (WHO Europe 2015). A broad 

range of studies confirmed that pollution causes negative impacts on the local ecosystems 

of Azerbaijan. For example, the discovery of polychlorinated biphenyls, organochlorine 

pesticides, and organotin compounds found in the blubber and liver of Caspian seals 

(Phocacaspica), which has been identified to have caused mass mortality of this species 

(Kajiwara et al. 2002). In addition, there are discovered traces of acute genotoxic effects 

from pollution in the Russian sturgeon, acipenser gueldenstaedtii (Bickham et al. 1998). 
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There is also evidence of a strong correlation between three-ring PAH pollution and 

chromosomal damage in aquatic turtles (E. orbicularis). Moreover, a study done by Matson 

et al. (2005) confirmed that the cities, Sumgayit and Neftchala in Azerbaijan, have soils 

contaminated with genotoxic and PAHs, which have a direct effect on observed 

genotoxicity. The Toxic Sites Identification Program (TSIP) was designed to identify toxic 

pollution in developing countries and to evaluate their current potential impact on human 

health (Ericson et al. 2012). The implementation of TSIP in Azerbaijan was critical for 

improving and identifying Azerbaijan’s environmental management practices and 

policies, as well as preventing serious health related risks from hazardous pollutants. The 

first motivation for the TSIP to be conducted in Azerbaijan is due to the country being one 

of the most polluted countries in the world (Bickham et al. 2003). The second motivation 

is the country’s forgotten and abandoned legacy polluted sites   (e.g., from the Soviet era) 

that are near residential and industrial areas. The third motivation for this study is to 

encourage the Azerbaijani national and regional government agencies to implement 

environmental policies and pollutant management of current and future country remediation 

projects, since efforts to address the human population’s vulnerability to environmental 

hazards has been ineffective and minimal, due to limited funding, investment and support 

to improve the situation, at this point in time.  

The TSIP in Azerbaijan started 2012 was completed in 2018. Before 2012, there 

was no comprehensive toxic site inventory that was conducted in Azerbaijan and there was 

no appropriate and tangible information about the size and scale of toxic pollution in the 

country (Bickham et al. 2003; Sharov et al. 2016). The goal of the TSIP is to provide 

governmental agencies guidance, through a reliable database of collected and ranked toxic 
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sites that pose health risks, to prioritize resources management practices, policies, and 

pollution-cleaning agendas of contaminated sites at the regional scale. Therefore, the TSIP 

in Azerbaijan is to identify polluted sites and to create a database of toxic sites that can 

provide reliable and important pollutant information to the Azerbaijani Ministry of 

Ecology and Natural Resources, in addition to the Ministry of Agriculture and other 

relevant local governmental institutions. 

Our paper is the first to explain how the TSIP is unique in the region because it 

positions Azerbaijan to be a leading example in Eurasia for the following four reasons: 

the Azerbaijani TSIP data includes polluted sites that were not recognized previously by 

the government as toxic sites and hazardous threats to local communities; (2) the TSIP in 

Azerbaijan is the largest dataset of collected pollutants in the region, which can further 

advance research focused on the Caspian Sea basin and transboundary pollution studies to 

help identify main migration routes of pollutants to other countries; (3) this study can aid 

other studies focused on transboundary pollution in the region, but are limited on the type 

of pollutant data shared among these bordering countries (e.g., Azerbaijan, Armenia, and 

Georgia). Former studies have identified there are trans- boundary pollution issues with 

heavy metals, pesticides, and radionuclides, but there is a need for more research and 

data (Zolotovitskaya 2003; Aleksanyan et al. 2008; Suleymanov et al. 2010; Shirneshan et 

al. 2017; Akhma- diyeva and Abdullaev 2018); and (4) Azerbaijan’s TSIP data may further 

advance and support research focused on regional health outcomes and causes of death in 

the region,  as well as encourage new implementation and improvement of existing 

environmental management practices and policies for the country.   
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2.2. Materials and Methods 

TSIP utilizes a rapid assessment protocol known as the Initial Site Screening (ISS). 

The ISS has an output index value, known as Pure Earth Index (PI) (formerly known as 

Blacksmith Index, BI). The development of this method is explained in detail by Ericson 

et al. (2012) and Caravanos et al. (2014). The PI is an environmental health site ranking 

system scaled from 1 to 10 (e.g., 10 being of greatest toxic severity and the most dangerous 

site). The PI formula is based on: (1) addressing legacy and active sites that expose 

communities to life-threatening pollutants; and requiring less data and financial resources 

to obtain site pollutant levels (Caravanos et al. 2014). The PI is based on the EPA 

procedures, but unlike the EPA measure of pollutants at the source and migration of 

pollutants to and from the site, the PI focuses on past and current contamination without 

addressing the pollutant migration potential. The PI is a widely accepted model of risk 

assessment known as the pollutant-pathway-population (Pure Earth 2019). 

The PI focuses solely on current and past contamination by taking samples (e.g., 

from soils and source wells), without specifically addressing the pollution migration 

potential. The PI is generated from data concerning pollutant types, pollutant 

concentrations, pathways, and populations at risk that the country investigators identified 

and entered into the Azerbaijani TSIP database. Estimating the exposed population per 

sector is calculated through the population of people living near or having frequent 

interaction with the identified contaminated site. 

The first stage of the TSIP assessments in Azerbaijan involved identifying potential 

toxic sites that pose human-health risks. To collect information on the suspected polluted 

areas, the TSIP Azerbaijani working group inter- viewed both local enterprises and 
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Azerbaijani governmental agencies, in addition to collecting and reviewing all relevant 

country conducted studies and reports. The Ministry of Agriculture introduced the list of 

legacy pesticide distribution locations that were in operation during the Soviet period. The 

studies included on this list were national and independent reports conducted by Azerbaijan 

in conjunction with the World Bank (2008), IPEN (2006), and UNIDO-GEF (2004). The 

identification of some legacy pollution sites in Azerbaijan posed challenges in the collection 

process due to the remoteness of some locations, as well as the absence of prior information 

from the Soviet and early post-Soviet years. To obtain the TSIP data for Azerbaijan 

involved a collection of regional and historical knowledge of previous and current 

locations of power plants, factories, oil and waste dumping sites, pesticide distributed sites, 

and detecting all known polluted site located within remote locations. 

The toxic samplings were based on the guidelines developed by Pure Earth 

(Caravanos et al. 2014). The sampling procedure conducted by Pure Earth largely coincides 

with procedures of European soil sampling guidelines for soil pollution (Theocharopoulos 

et al. 2001) and with the US Environmental Protection Agency sampling procedures (EPA 

2014). According to Pure Earth guidelines, soil samples were taken from the locations 

closest to industrial estates or legacy agricultural sites, which have direct pathways to the 

local residential areas. In some cases, due to underfunded and regional limitations of 

conducting such site samples, Pure Earth’s methodology is focused more on the pathway 

of pollutant to human health risks, instead of measuring the potential environmental 

contamination based on predicted pollutant migration patterns (Caravanos et al. 2014). For 

example, due to high winds, pollution sampling in Sumgait required samples close to the 

pollution sources, and from remote residential locations. This is due to Azerbaijan’s strong 
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winds carrying dust particles of pollutants to neighboring and remote locations. 

The target samples are the individual surface soil samples of 25–30g are taken from 

suspected hotspots, such as residential areas adjacent to a contamination source. These 

samples were collected on single place point, which were suspected to be a point that has 

the highest concentration of pollutants. 

To make the composite samples, each site was divided into several parts, called 

sectors. As a standard procedure in selecting samples, each sector needed to be considered 

as an agricultural, residential, mixed, or industrial site. For example, when a site is located 

between residential and agricultural areas, the site was divided into agricultural and 

residential sectors. Residential sectors included places where most of the areas were 

occupied by houses, schools, and public buildings, while agricultural places represented 

places that were used for agricultural purposes. Each sector had its own representative 

composite sample. The scheme of making target and composite sampling is given in 

Figure 2.1. The total number of sampled sectors depended on the specific size of the site. 

Smaller sites, generally had an area up to 2 ha, divided into three sectors, while larger sites 

consisted of an area that had more than 2 ha, that may have up to ten sectors. Composite 

samples were taken from various places of each sector and included several 4–5g mixed 

samples. These samples were mixed with other soil samples from the same sector. The 

mixture of these small samples is considered as a composite sample with the weight about 

20–30g. The composite samples were taken from each sector represented on average, the 

concentration of the collected pollutant for that specific location. Figure 2.1 illustrates 

sectors in each site with the DDT pollutant close to a small town, Horadiz, located in the 

southern region of Azerbaijan. The sectors were contingently labeled as agricultural, 
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industrial, school, and residential sectors. (Figure 2.2). The collected samples were tested 

Environmental laboratory, Khazar University laboratory). Table 2.1 presents a list of the 

approved scientific methods conducted to identify the specific toxin per identified site. 

Estimating exposed population per sector is a most challenging parts of ISS. It is 

the number of people living or working within the  relevant sector and meeting the pathway 

defined for the sector ISS process. This includes interview conducted with doctors in each 

region. However, in densely populated urban areas, with many toxic sites, it is challenging 

to determine the exact number of exposed people to a specific pollutant type and studies 

focused on health impacts require precise medical samplings (Constantinouet al. 1995). 
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Figure 2.1. Scheme of targeted and composite samplings in a DDT polluted Horadiz 

site (1-hotspot, 2 agricultural, 3-residential, 4 and 5-mixed) 

 

 

2.3. Results and Discussion 

 

2.3.1. Identified Toxic Sites in Azerbaijan 

 

Within TSIP, 138 toxic pollution sources were identified and included to the 

Azerbaijani TSIP database. Table 2.2 shows a list of identified sites within the 

Azerbaijani TSIP project. Figure 2.2 shows the geographical distribution of identified 

pollution sources in Azerbaijan. Most of the toxic hotspots were recognized as legacy 

sites of abandoned industries from the industrial era of the Soviet period. Due to the 

absence of regular governmental and environmental monitoring and control of theses 

pollutants a large portion of the identified toxic sites were not known or identified until 

the TSIP program was completed (2012–2018) in Azerbaijan. 
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Figure 2.2 Geographical distribution of pollution sources in Azerbaijan 
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Table 2.1 List of methods used in laboratory analyses 

 
 

# Analyses              Sample Method 

 

1 Arsenic As Water ASTM D2972 - 08 Atomic absorption spectrophotometer ZEEnit 700P 

2 Mercury Hg Water ASTM D3223 - 12 Atomic absorption spectrophotometer ZEEnit 700P 

3 Cadmium Cd     Water ASTM D3557 - 12 Atomic absorption spectrophotometer ZEEnit 700P 

4 Copper Cu Water ASTM D1688 - 12 Atomic absorption spectrophotometer ZEEnit 700P 

5 Cobalt Co Water ASTM D3558 - 08 Atomic absorption spectrophotometer ZEEnit 700P 

6 Lead Pb Water ASTM D3559 - 08 Atomic absorption spectrophotometer ZEEnit 700P 

7 Nickel Ni Water ASTM D1886 - 08 Atomic absorption spectrophotometer ZEEnit 700P 

8 Zinc Zn Water ASTM D1691 - 12 Atomic absorption spectrophotometer ZEEnit 700P 

9 PAH Water EPA 8270D 

10 TPH Water ISO 9377-2 

11 VOCs Water ISO 11423-2 

12 Arsenic As Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

13 Cadmium Cd      Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

14 Chromium Cr     Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

15 Copper Cu Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

16 Cobalt Co Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

17 Mercury Hg Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

18 Lead Pb Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

19 Nickel Ni Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

20 Zinc Zn Soil EPA 3052 Atomic absorption spectrophotometer ZEEnit 700P 

21 PAH Soil EPA 3541, EPA 3630C, EPA 8270D 

22 TPH Soil ASTM D5765-05 (2010), ASTM D 3976-92 (2010) 

23 VOCs Soil EPA 3570 

  
  

Although Baku is considered to be the center of oil production in the region it has 

very minimal environmental standards (Jernelöv 2018). For this reason, current and 

abandoned oil fields are one of the main sources of pollution in the urbanized regions of 

the Absheron peninsula. According to TSIP data samples, the pollutants of major 

concern are located within urban regions of the country. These identified urban toxic 

sites, from the Soviet era, are still active in the form of operating oil wells, oil 

processing, petrochemical production, industrial construction, and production industries 

(Table 2.2). 

The collected results of the TSIP identified that there were no standard 

environmental procedures in place for the   oil rigs located in the Absheron region. In the 
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early 20th century, oil wells had depths no deeper than 10–15 m. In most cases 25–30% of 

the extracted oil spilled into the land surface (Jernelöv 2018). The Soviet oil industry 

did not consider environmental standards and quantity of produc tion as a priority and 

therefore overlooked environmental precautions (Zonn and Kostianoy 2015). In 

Azerbaijan, the oil fields are one of the main sources of pollution, near the Absheron 

peninsula’s densely populated, residential areas. According to our TSIP results, the 

chemical and oil processing industry is the country’s second major source of production. 

Nearly all the enterprises of the chemical and oil industry were founded in Sumgait and 

Baku. During the Soviet period, Sumgait was home to twenty-three large manufacturing 

chemical factories, which produced a broad range of petroleum and petrochemicals, 

including chlorinated pesticides, as well as agricultural and industrial chemical products 

(Bickham et al. 2003). Baku hosts factories of several oil processing and petrochemical 

industries. These oil refineries, petrochemical factories, and power plants, from the 

Soviet era, are considered the country’s most hazardous locations. Sources of 

contamination in Baku also include chemical, metallurgy, and energy industries as well 

as oil extraction and processing (Figure 2.2).  Aldrin, chlordane, DDT, dieldrin, dioxins, 

endrin, furans, heptachlor, hexachlorobenzene (HCB), mirex, and toxaphene were the 

main agricultural POPs pesticides during the Soviet Union, in Azerbaijan. Specifically, 

during the 1970–1990s, cotton plantations of 100–300 thousand hectares had intensive 

applications of POPs pesticides (IPEN 2006). These pesticides have migrated through 

water and air to the remote areas (Aliyeva et al. 2013; Bennett 1981). These identified 

sites are considered as legacy pesticide distribution points located in small agricultural 

villages and provincial towns throughout the country. Our TSIP results identified seventy 
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agricultural pesticide pollution sites in Azerbaijan. Twenty of these identified sites were 

within residential areas, and fifty locations were actively being used as pastures. 

There are 11 large inter-district and 45 village pesticide distribution points. There 

are five sites that served as a ground for small pesticide sprinkler planes. These sites are 

in rural areas and are being actively used in the form of roads, pastures, playgrounds, 

backyards, and agricultural fields. TSIP samplings confirmed that in many sites, winds 

readily carry dry DDT powder and dust over houses and water sources. In addition, large 

amounts of pesticide-detected sites were found in remote areas, chemical and product 

manufacturing plants, petrochemical industries, mining, and in ore processing 

manufacturing. Most mining sites are currently located in the rural Gedabek and 

Dashkesan districts of northwestern Azerbaijan, where high rates of birth paralysis and 

cancer occur. Mining in Gedabek started in 1998 and continues to stay in operation, 

however the high levels of mercury, arsenic, and cyanide contamination is of serious 

concern, according to the TSIP sample results. Aluminum factory in Ganja (northwestern 

region), and a cement factory in the Gardagh region (located on the Absheron peninsula) 

were the main pollution sources in the region over the last 70 years. 

TSIP also included seven lakes located on the Absheron peninsula, which are 

highly contaminated with industrial and municipal wastewater (Figure 2.3). Most of these 

lakes are primarily located in the areas of oil production and migrate through groundwater 

into the identified TSIP lakes (Khalilova and Mammadov 2016). The TSIP collected 

samples identified seven lakes on the Absheron  Peninsula (Binagadi, Boyukshor, Masazir, 

Khojasan, Bulbula, Zabrat, Lokbatan, Girmizi, and Gu), to be serious health-hazards due 

to the high rates of cancer (e.g., lung, stomach), chronic asthma, and skin diseases, and 
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are now considered by the Azerbaijani government as top priority locations for future 

remediation project agendas (World Bank 2008). 

 

2.4. Identified Pollutants 

The results of the TSIP confirmed that despite the efforts of the last twenty years, 

there was no notable progress in toxic pollution management in Azerbaijan. For example, 

Azerbaijan’s National Implementation Plan (NIP) 2007–2020 under the Stockholm 

Convention did not produce considerable improvements in accurately identifying and 

managing POPs pollution, as well as reduction of the toxic pollution (NIP 2007). While 

some small-scale remediation projects had proved to be successful (Sharov et al. 2019), 

the TSIP assessments conducted within the remediated sites, confirmed that there were 

no notable reductions in concentrations of the identified pollutants. These areas mainly 

included remediated oil polluted places in Bail, a suburb outside of Baku, industrial areas 

of Sumgait and legacy DDT sites in the rural regions. For example, samplings after the 

remediation in the Boyukshor lake confirmed that the location is still highly polluted with 

cadmium and toluene. Also, high pollution of mercury was found after the remediation 

project around the former Sumgait Surface Active Substances (SAS) plant. Moreover, 

soils around the manufacturing plants and close residential areas in Sumgait remain 

contaminated with mercury, benzene, benzo(a)pyrene, lead, copper, zinc, and 

molybdenum, and has been identified to have very high rates of lung and urinary bladder 

cancer. Hydrocarbons (TPHs, PAHs), VOCs and heavy metals were detected around oil 

fields, and plants related to oil and petrochemical industry (Table 2.2). Also, heavy metals, 

DDT and other pesticides, PAHs and VOCs were identified as Azerbaijan’s regionally, 
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predominant pollutants (Figure 2.4). In addition, TPH contamination with predominant 

concentrations of benzene and toluene were found in oil polluted areas. The TSIP results 

revealed that concentrations of heavy metals (Cd, Pb, Ni, Cr) were very high in oil 

polluted areas of Azerbaijan (Table 2.2). 

 

Table 2.2 Pollution sites, key pollutants, and pollution levels in urban regions 

 

 

 

# Site name Lat; Long Pollutant 1 Value Pollutant 2 Value, mg/kg 

1 Ethylene 

polyethylene plant 

40.607;49.622 Cadmium 33.00 Benzopyrene 235.00 

2 Surface-active 

substances plant 

40.602; 49.614 Mercury 

elemental 

3250.00 Benzene 305.00 

3 Synthetic rubber plant 40.607; 49.616 Benzene 5.27 Benzene 196.00 

4 Baku steel company 40.430;49.887 PM 10 2356 Pyrene     11200 

5 Technical rubber 

product plant 

40.461;49.935 Benzene 335.60 Benzopyrene 25.50 

6 Azerneftyag plant 40.372;49.909 Benzene 98.30 Phenol  451.00 

7 Sabunçu town 

polluted areas 

40.453;49.953 Total petroleum 

hydrocarbon 

1925.00 Benzene 195.50 

8 Balakhani 

polluted areas 

40.474;49.919 Benzene 323.23 Benzo(a)pyrene 31.00 

9 Lokbatan lake 40.321;49.707 Arsenic 42.00 Cadmium 71.00 

10 Bulbula lake 40.425;49.976 Arsenic 123.00 Benzene    1245.00 

11 Boyukshor lake 40.443;49.876 Cadmium 82.00 Toluene 76.00 

12 Khojohasan lake 40.399;49.777 Cadmium 91.00 Phenol   240.50 

13 Zig lake 40.354;49.991 Arsenic 194.00 Benzene  151.00 

14 Zabrat lake 40.473;49.936 Benzene 156.00 Phenol  190.00 

15 Binagadi lake 40.469;49.803 Total petroleum 

hydrocarbon 

1060.00 Arsenic  241.00 

16 Gu lake 40.312;49.760 Arsenic 84.00 Cadmium 11.50 

17 Masazir lake 40.506;49.759 Cadmium 917.00 Arsenic 78.00 

18 Kurdakhani lake 40.536;49.915 Arsenic 1060.00 Benzene  311.00 

19 Mirzaladi lake 40.491;49.818 Cadmium 57.80 Benzo(a)pyrene 71.50 

20 Gala lake 40.430;50.165 Benzene 134.00 Pyrene    4700.00 

21 Ganli-Gel lake 40.368;49.800 Cadmium 561.00 Benzopyrene 35.00 

22 Ramana lake 40.447;49.963 Benzene 3790.00 Phenol 191.00 

23 Chuxurdara lake 40.466;50.027 Cadmium 34.00 Benzene 181.00 

24 Dashagil lake 40.472;49.643 Benzene 121.00 Toluene 123.50 

25 Fatmai lake 40.311;49.511 Cadmium 17.00 Toluene 67.00 
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The areas polluted with benzene included places near Baku, in small villages of the 

Absheron peninsula, where pollution with crude oil is very high. Benzene is a natural 

constituent of crude oil and is one of the elementary petrochemicals (Pinedo et al. 2013). 

The highest benzene concentrations were found in soil of polluted areas near the Binagadi 

village (545 mg/kg) and Binagadi village (493 mg/l) with high rates of pulmonary 

cancer, bronchial asthma, and various skin diseases. In Bail, close to Baku’s pollution of 

benzene was 343 mg/l, in Pirallahi near the shoreline, pollution with benzene was detected 

to be 645 mg/l. The areas with the highest benzene concentrations were found near the 

Sumgait shorelines, where benzene concentrations changed from 35 to 74 mg/l. 

High concentration levels of PAH were found in Sumgait, Baku, Neftchala, and 

Salyan. The total PAH levels in polluted areas near the Balakhani village were considered 

to have high levels of contamination with a 421 mg/kg. In areas close to the studied 

industrial sites, located in the west of the Balakhani village, PAH levels were 245 mg/kg. The 

total PAH concentrations in urban areas, close to oil processing industrial units ranged 

from 216 mg/kg to 32,100 mg/kg. Most common PAH pollutants were pyrene, naphthalene, 

and fluorene, which had high concentrations in areas close to oil refineries. For example, in 

samples taken close to shorelines in Sumgait, pyrene sample concentrations ranged 

between 1122 and 13,500 mg/kg. High fluorene concentrations were also found near the 

petrochemical enterprises of Sumgait City. High mercury concentrations (3225 mg/kg) 

were found around the former SAS, even though in 1999 the SAS plant was demolished; a 

remediation project was conducted, and mercury waste trans- ported into the burial site of 

toxic chemicals. According to TSIP assessment, currently 100–150 tons of mercury have been 

accumulated in the soil and, mercury was found within the sludge basins located near the 
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bank of the Sumgait river. High chromium (1440 mg/kg) and aluminum (2976 mg/kg) 

concentration were also found in areas close to Ganja Aluminum Factory (Table 2.2). 

The lakes recorded in the TSIP database have been identified to have contamination 

with heavy metals, benzene, polycyclic aromatic hydrocarbons (PAHs), total petroleum 

compounds. The amount of cadmium and arsenic varies from 42 mg/l to 83 mg/l. High 

arsenic concentrations were found in Gu and Kurdakhani lakes. Other TSIP identified lakes 

have a large contamination of predominantly benzene, phenols, benzo(a)pyrene and benzo- 

pyrene, where concentrations greatly exceed the threshold levels (ESDAT 2018; ATSDR 

2009) for residential and human-contact areas. Cadmium contamination were detected 

within old oil fields near the Binagadi and Ramana lakes. Cadmium concentrations in the 

Boyukshor and Binagadi lakes range between 70 and 1300 mg/kg. Arsenic pollution was found 

near the Gu Lake which is 84 mg/kg. Levels of TPH and arsenic in Binagadi lake were 1060 

and        241 mg/kg. Detailed information about the sites and pollutants is provided in Table 2.3. 

Concentrations of key pollutants within Azerbaijan’s lakes (Figures 2.3 and 2.5) contained 

high concentrations of cadmium found in Masazir lake. This specific lake is of great interest 

and concern because the extracted salts are used for both industrial use and household 

consumption in Azerbaijan (Figures 2.3 and 2.5). 
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Figure 2.3. Geographical distribution of key pollutants in Azerbaijan 

 

 

 

TSIP identified DDT to be a major pollutant within the rural sites, while other types 

of pesticides such as aldrin, dieldrin, toxaphene, chlordane, and endrin were identified to 

be within both rural and urban locations. The TSIP assessments confirmed that there are 

high DDT concentrations in all sites, which varies between 1000 and 9500 mg/kg. Also, there 

are high concentrations of pesticides: aldrin, chlordane, dieldrin, endrin, and toxaphene. 

More detailed information is explained in Table 2.3 (Section 2.5, Exposed Population), 

providing a list of the total number of sites and pollutant type. Figure 2.6 displays the 

concentrations of DDT pollution within each collected, sampled site. Field surveys 

confirmed that the common pathways for pesticides are water, air, and dermal contact. 
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Figure 2.4. Location of DDT pollution sites and concentration of DDT 

 

 

In northwestern Azerbaijan, arsenic concentrations in residential places near 

Gadabek gold mines showed various concentration levels that ranged from 1321 and 1970 

mg/kg, along with birth paralysis being the main health concern in the region. In the 

residential places close to the Gosha mine, arsenic concentrations ranged between 1934 

and 2360 mg/kg. High rates of cadmium were also observed, which were 66 mg/kg and 

108 mg/kg in Chovdar and Gsedabek cold and copper mines. The location of the 

pollution sources and names of pollutants are shown in the illustrated maps (Figures 2.2 

and 2.4). 
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2.5. Exposed Population 
 

The TSIP results identified the number of people residing or working near the 

identified toxic sites which have been ranked with a high toxic severity. Near oil fields, 

where population density is rather high, PI values vary from 6 to 9, confirming that human 

populations are at high risk and exposure to pollution. The highest PI rates are in 

Binagadi, Sabunchu, and Ramana villages (e.g., PI rates of 7 and 9), and local hospitals 

confirming that there are high rates of lung cancer and skin diseases. In Sumgait, near the 

former chemical factories PI values reach 9. There are also high PI values in areas close 

to legacy pesticide sites (5–8) and old and new metal mines in mountain territories (7–

9). Currently, there is a total of 2,300,000 people who live in urban regions (predominately 

on the Absheron Peninsula: in Baku and Sumgait city) and are at greatest risk of 

exposure to high levels of toxins. The residential areas located near oil mines, polluted 

lakes and industrial units are the main sites where human health is at greatest risk. In the 

rural regions of Azerbaijan nearly 250,000 people are under threat of pesticide exposure.

 During the data collection and analysis state of the TSIP study (2012–2018), health 

impacts were recorded and identified as commonly being pulmonary cancer, chronic 

asthma, birth defects and various skin disease. During the site screenings field 

investigators met local doctors, municipality representatives, and collected information 

through interviews regarding health impacts of each identified toxic site. In addition, field 

notes taken at local hospitals confirm high stomach and skin cancers, asthma in Sumgait. 

TSIP confirms that nearly 300,000 people in the Sumgait area are subject to the impact of 

the TSIP identified toxic sites. In Baku, people are at greatest health risks to total 

petroleum hydrocarbons (TPH) and air pollutants. Baku is one of the most polluted cities 
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in Azerbaijan, because the city and the surrounding suburbs have very highest rates of 

cancer and bronchial diseases. TSIP field assessments confirmed that nearly 2 million 

people in Baku are exposed to the different types of pollutions. The majority of health 

concerns are cancer, bronchial asthma, skin diseases, and other bronchial diseases. In 

addition, interviews with local hospitals in the small towns and villages, confirmed that 

residents near Soviet legacy pesticide sites, more often suffer from high rates of cancer 

and bronchial diseases. However, additional research focused on health impacts from the 

local toxic sites is need.  

 

  



 

29 

 

Table 2.3. Legacy pesticide sites with high PI values in Azerbaijan identified until 

2018 

# Site name Lat Long Pollutant Value, 

mg/kg 

PI 

value 

Number of affected 

populations, thousands 

1 Jangi Pesticide Polygon 40.481 49.314 DDT 1200 7 0.85 

2 Horadiz Chemical Supply 

Facility 

39.447 47.348 DDT 1546 8 3.22 

3 Shamakhi Chemical Union 40.584 48.701 DDT 66.5 7   25.1 

4 Sarijallar Railway Station 39.946 48.494 DDT 521 8 1.22 

5 Jalilabad Inter-District 

Pesticide Union 

39.227 48.635 DDT 2664 8   19.3 

6 Salyan Pesticide Airdrome 39.449 48.868 DDT 319 7   11.5 

7 Masalli Agricultural Union 39.037 48.656 DDT 324 7 9.34 

8 Barda Pesticide Storage 40.354 47.112 DDT 584 6   13.2 

9 Laki Fertilizers’ Storage 40.562 47.412 DDT 9.62 6 6.71 

10 Ujar (Mususlu) Pesticide 

Storage 

40.516 47.644 DDT 870 9   13.5 

11 Yevlakh Pestiside Storage 40.613 47.122 DDT 12.1 5   17.6 

12 Tar-tar Pesticide Storage 40.219 47.063 DDT 195 6 9.21 

13 Siyazan Pesticide 

Department 

41.068 49.130 Total 

pesticides 

1420 5 6.71 

14 Beyleqan Pesticide Storage 39.719 47.830 DDT 1074 6 8.92 

15 Gusar Pesticide Storage 41.430 48.444 Total 

pesticides 

102 5 7.11 

16 Quba Pesticide Storage 41.362 48.568 Total 

pesticides 

2456 6   12.1 

17 Hajigabul Pesticide Storage 40.102 48.820 Total 

pesticides 

975 6 7.86 

18 Garadagh Gas Refining 

Plant 

40.283 49.675 Fluorides 4670 9   87.4 

21 Kazakh Pesticide Storage 41.132 45.407 Total 

pesticides 

14.6 5   16.5 

22 Kurdamir Pesticide Storage 40.330 48.159 Total 

pesticides 

13.2 6 9.56 

23 Goycay Pesticide Storage 40.614 47.765 DDT 19.1 6 3.42 

24 Akstafa Pesticide Storage 41.120 45.446 Total 

pesticides 

33.1 6 4.78 

25 Qax (Alibayli) Fertilizers’ 

Storage 

41.416 46.869 Total 

pesticides 

245 5 0.87 
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Table 2.3. Legacy pesticide sites with high PI values in Azerbaijan identified until 

2018 (Continued) 

# Site name Lat Long Pollutant Value, 

mg/kg 

PI 

value 

Number of affected 

populations, thousands 

26 Alimardanli Village Pesticide 

Storage 

41.036 45.662 DDT 3217.7 6 1.45 

27 Dalmammadli Pesticide 

Residuals 

40.697 46.577 DDT 2077.1 8 2.56 

28 Salyan Agricultural Chemical 

Union 

39.553 48.954 DDT 117 8 5.45 

29 Nohun Pesticide Site 41.066 45.776 DDT 2537.7 4 0.45 

30 Vurgun Pesticide Site 41.087 45.477 Endosulfan 4.254 4 0.54 

31 Ganja Alabaster Production 

Area 

40.718 46.342 Lead 1220 7   34.2 

32 Lenkaran (Marso) Pesticide 

Storage 

38.848 48.813 DDT 10723 7 0.98 

33 Bilasuvar Pesticide Storage 39.379 48.575 Total 

pesticides 

1978 8 9.21 

34 Lower Gurali Pesticide 

Aerodrome 

39.427 48.532 DDT 2391 6 0.87 

35 Nasimi Pesticide Aerodrome 39.497 48.418 Total 

pesticides 

1150 6 0.45 

36 Takla Pesticide Storage 39.260 48.351 DDT 112.3 5 0.34 

37 Abazalli Pesticide Aeroground 39.287 48.337 Total 

pesticides 

891 7 1.34 

38 Goyceli and Tatli Pesticide 

Points 

41.048 45.481 Total 

pesticides 

4362 7 2.35 

39 Qaratapa Pesticide Storage, 

Sabiradad 

39.944 48.610 DDT 129 5 3.42 

40 Moldai Aerodrome (Saatli) 39.927 48.385 Total 

pesticides 

1240 6 2.31 

41 Sugarishan Aerodrome 

(Sabirabad) 

40.008 48.490 DDT 1876.1 7 1.65 

42 Dada Gorgud 

Pesticide 

Distribution 

Point 

39.858 48.398 Total 

pesticides 

453 6 1.78 

43 Aribatan Aerodrome, Salyan 39.583 48.965 Total 

pesticides 

3070 5 1.32 

44 Amankend Pesticide 

Distribution Point 

39.383 48.471 DDT 2021 6 0.89 

45 Khirmandali 

Pesticide 

Distribution 

Point 

39.429 48.421 Total 

pesticides 

2089 8 1.21 

46 Fromer Yuxari Agali Pesticide 

Point 

39.427 48.427 DDT 1891.4 7 0.34 

47 Gunashli Pesticide Point 
(Bilasuvar) 

39.521 48.491 DDT 1564.4 7 1.78 

48  Chuxanli Aerodrome (Salyan) 39.649 48.978 DDT 1121.2 8 2.39 

49  Zahmatabad Pesticide Point 
(Bilasuvar) 

39.471 48.548 DDT 365.2 8 1.76 

50  Chayli Pesticide Point 
(Bilasuvar) 

39.489 48.517 Total 
pesticides 

2567.2 8 1.03 
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Table 2.3. Legacy pesticide sites with high PI values in Azerbaijan identified until 

2018 (Continued) 

# Site name Lat Long Pollutant Value, 
mg/kg 

PI 
value 

Number of affected 
populations, thousands 

51  Former Saatli Chemial 
Union 

39.941 48.356 Total 
pesticides 

1765.3 8 6.71 

52  Qaraxanli Pesticide 
Estakada 

41.054 45.671 DDT 1873.2 8 2.13 

53  Mukhatariyat Pesticide Point 
(Shamkir) 

40.801 46.125 DDT 2346.4 7 0.56 

54  Halach (Beylagan) Pesticide 
Storage 

39.719 47.828 DDT 4689.34 8 3.02 

55  Dayikend (Salyan) Pesticide 
Storage 

39.449 48.868 DDT 1875.2 9 0.78 

56  Bilasuvar Agricultural 
Chemical Union 

39.451 48.552 DDT 198.21 8 11.3 

57  Neftchala Pesticide Storage 39.434 49.016 DDT 3056.34 7 2.34 

58  Imishli Central Pesticide 
Storage 

39.868 48.045 DDT 4652.11 8 4.53 

59  Korpukend Pesticide Aero 
Ground 

40.245 47.501 DDT 145.3 9 0.34 

 

Figure 2.5. Concentrations of key pollutants in a water of lakes 
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Figure 2.6. Concentrations of key pollutants in sediments of lakes 

 

 
 

2.6. Recommendations for Future Research and       Concluding Thoughts 

 

Our study identifies Azerbaijan’s toxic pollutants of industrial, agricultural, and 

oil production from both currently active and abandoned sites from the Soviet era (e.g., 

these sites are known as legacy sites). Generally, high levels of oil and industrial 

pollutants were identified within urban regions, and in the rural locations there are higher 

levels of pesticide and heavy-metal contamination. These identified TSIP locations also 

showed a pattern of people living or working near toxic sites to have a higher rate of 

cancer, chronic asthma, tuberculosis, skin diseases, or birth defects. The TSIP data 

established a reliable dataset that can identify human populations, who are most 

vulnerable to pollution related health risks in developing countries with minimal or no 
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data available, in addition to limited funds to conduct environmental and health related 

studies (Pure Earth 2019b). Although there are some studies linking health effects to 

toxic sites in Azerbaijan, more research is needed to identify the linkages between health 

effects, from toxic pollutants and place-specific locations, such as air pollution and 

transboundary pollution in the Caucasus and within the Eurasian nations (Aleksanyan et 

al. 2008; Sharov et al. 2016; Islamzadeh and Khalilova 2003). The results of the TSIP 

collected data also confirmed that the lakes on the Absheron peninsula are severely 

polluted with heavy metals and PAHs, which are located in two of Azerbaijan’s largest 

cities, Sumgait and Baku. 

The results of our study demonstrate that the TSIP can better serve developing 

countries who struggle to collect pollutant and health related data. The TSIP is an excellent 

database for countries that need to identify hazardous sites that pose serious health risks. 

For instance, according to the Azerbaijani TSIP assessments, several remediation projects 

supported by the Azerbaijani government did not produce the expected results. For 

example, in 2014 a remediation project in Boyukshor lake did not show significant results 

in the reduction of concentrations of cadmium and toluene. Also, after a remediation project 

in 2005, around the SAS site in Sumgait, high mercury concentrations still existed. Lastly, 

in 2009 a remediation project did not eliminate high concentrations of PAHs and TPH that 

were found to still be at a high level within the Bail area and around Baku. The same 

situation is observed in White City boroughs in Baku, where after 2006–2010 soil 

remediation project concentrations of heavy metals, TPH, and PAHs are still very high. It 

was not until the Azerbaijan TSIP was completed in Azerbaijan that governmental agencies 

could identify and recognize the urgency of the region’s identified pollutants and the high 
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chance of other unidentified sites that pose serious health risk to people interacting or 

residing in these toxic sites. 

Although there are many detected toxic sites recorded within the Azerbaijani TSIP 

database, there are still many sites that have not been recorded due to financial limitations 

of TSIP in Azerbaijan. Specifically, many villages have small scale pesticide sites from the 

Soviet period of agricultural production, but due to financial limitations these small-scale 

sites were not assessed. Our study’s results support the need for continuation and expansion 

of the TSIP data collection in Azerbaijan and within the neighboring Soviet countries. 

We recommend further studies investigate human health risks in relation to 

hazardous toxic sites. The TSIP is an excellent starting point for nations, such as 

Azerbaijan and other Eurasian and post-communist nations, by providing a more reliable 

database for national programs that have not been successful in the past. The results of our 

study encourage better support and implementation of environmental management and 

policies, in developing post-communist nations, as well as to provide a database that 

identifies toxic, hazardous sites in the Caucasus, the Caspian Sea, and in Eurasia. 

 

Acknowledgements  

The TSIP program in Azerbaijan was supported by European Commission. Authors 

express much gratitude to Andrew McCartor, Bret Ericsson, Richard Fuller and the Pure 

Earth Team who greatly contributed to the Toxic Site Identification Program (TSIP) in 

Azerbaijan. Authors also thank two anonymous reviewers for constructive comments, 

which substantially improved quality of the manuscript. 

  



 

35 

 

 

Chapter 3. Azerbaijan’s Social Inequality & Vulnerability Environment Hazards 

 

Abstract 

Relating social inequality and vulnerability to environmental hazards is an 

especially challenging task in regions with a paucity of data. Researchers attempting to 

measure the potential environmental and human impacts of past and continuing industrial 

toxicity in Azerbaijan have often either questioned the reliability of environmental 

indicators disclosed by the state’s official statistics or found the government’s 

environmental and population data partial and incomplete. To contribute to a clearer 

description of the human impacts of toxic waste locations and to assist other researchers, 

we are pursuing a novel methodology. By overlaying data from Azerbaijan’s Toxic Site 

Identification Program (TSIP) onto national census population data—augmented with in-

country interviews—we can map the inequitable distribution of infant mortality, 

unemployment, and toxic waste sites to better suggest some of the places and people in 

particular need of environmental mitigation and health and economic intervention. This 

method is transferable to future research in other areas of the Caucasus, Eurasia, and other 

data-poor areas.  

 

Keywords: Azerbaijan, Vulnerability, Social inequality, Technological hazards, Toxic hot 

spots, Soviet legacy sites, TSIP, Mixed-methods, mapping 

 
Note: This chapter has been accepted based on minor revisions as, Cervantes de Blois, Chelsea L.*, Tasch, Jeremy; 

Abbasov, Rovshan. “Azerbaijan’s Social Inequality & Vulnerability to Environmental Hazards” Caucasus Survey. 

2021.  
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3.1. Introduction  

 

The Soviet Union’s post-World War II accelerated industrial growth produced 

widespread environmental degradation, including improper disposal of hazardous 

substances like mercury, lead, arsenic, and pesticides, as well as the release of air 

pollutants. Collectively, these toxins are considered technological hazards, meaning they 

are caused by industrial production and under-regulated mining, pesticides application, 

benzene exposure, metals refinement, and mercury and lead contact (Abbasov et al. 2019). 

Even after the dissolution of the Soviet Union, these technological hazards remain in its 

former republics, including Azerbaijan (Sharov et al. 2016). In response to these hazards, 

Azerbaijan has attempted to develop and enforce policies to reduce the public exposure to 

industrial pollutants and eliminate associated negative health impacts. The challenges 

posed by toxic hazards in Azerbaijan exemplify a larger dynamic, namely the relationship 

between environmental toxins, population movement, and social inequality. There has 

been targeted research on Azerbaijani communities’ vulnerability to water pollution and 

climate shifts (Abbasov and Smakhtin 2012), ecological change due to water pollution and 

land degradation in the Caspian Sea region (Soroos 2000), and socio-ecological 

degradation of aquifers in the East Azerbaijan province of Iran (Gorgij and Moghaddam 

2016; Nadiri et al. 2017). However, there has been little work done that addresses 

vulnerability to environmental hazards and social inequality in the context of Azerbaijan’s 

technological hazards. This study advances our knowledge of some of the associations 

among hazard exposure, social inequity, and population redistribution in Azerbaijan 

specifically and offers an approach that has some applicability for other Eurasian nations 
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and regions more broadly (i.e., specifically the former Soviet Caspian Sea basin nations of 

Kazakhstan, Turkmenistan, and the north Caucasus region of Dagestan). 

 Hunter (2005), Adger (2006), and Zijp et al. (2017) acknowledge the challenges of 

examining environmental hazard vulnerabilities caused by physical (e.g. climate shifts) and 

technological (e.g., nuclear waste and chemical spills) factors, and these sources attempt 

to resolve this difficulty by combining qualitative and quantitative approaches. We 

similarly combine population data and toxic site data with in-country interviews to address 

the following research question:  

 

What drives vulnerability to environmental hazards and does this directly intersect 

with social inequality in Azerbaijan?  

 

To address this question, we first hypothesize that socially and economically 

disadvantaged populations are indeed located nearer to the Toxic Site Identification 

Program (TSIP) sites in Azerbaijan. Thus, to explain our procedure, we begin with a 

literature review and link vulnerability to environmental hazards and social inequality in 

Azerbaijan. Furthermore, we discuss technological hazards and data paucity followed by a 

layout of the mixed methods applied to support this association. 

 

3.2. Literature Review  

Uncovering the relations between vulnerability to environmental hazards and social 

inequality is particularly challenging where data is incomplete or its reliability 

questionable. Azerbaijan also has a history of underregulated mining and industrial growth, 

coupled with inadequate disposal of hazardous substances, which has placed much of its 
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population among the world’s most at risk to the adverse health effects from toxic waste 

sites (Sharov et al. 2016). Fieldwork for this study suggests that the health risks identified 

by Azerbaijan’s Toxic Site Identification Program (TSIP) were both largely unknown and 

yet of concern (see Appendix 1 for toxic sites’ location and toxic ranked values).  

3.2.1. Challenges in Linking Inequality and Environmental Change  

 Hamann et al. (2018) argue that the challenge of linking inequality with 

environmental change is in recognizing that inequality can occur in a variety of forms and 

contexts. Further, inequality can be exacerbated by extreme weather events and through 

exposure to technological hazards, both of which can lead to disease breakouts. They argue 

that current research on social inequality and environmental change is inconsistent and that 

while there are instructive studies exploring this linkage through aggregate economic and 

environmental data, much work needs to be done that investigates more specific, 

underlying pathways that relate different kinds of inequalities to the variety of 

environmental changes.  

The difficulties associated with discovering the relations between inequality and 

environmental changes can be even more problematic in places that lack reliable data 

regarding, for example, hazardous toxic sites and longitudinal demographic change and 

migration. Note that much of the population data published in lower and middle-income 

countries—such as Azerbaijan—may be incomplete or unavailable at the local community 

level. The challenge also comes from uncertain information regarding which communities 

are at greatest health risk from technological hazards and limited published research that 

might supplement this lack of data. 
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3.2.1.1. Technological Hazards in Coupled Human-Environment Systems  

 

In recent years technological hazards have been increasingly recognized as both a 

negative consequence of human-environment interaction and as a proxy through which to 

appreciate larger social and environmental dynamics. While previous research has 

attempted to understand the relations between environmental change and social inequality 

(see for example Markkanen and Anger-Kraavi 2019; Singer 2018; Morello-Frosch, 

Pastor, and Sadd 2016). Hamann et al. (2018) call for research that reveals specific 

pathways between social inequality and environmental change in the context of low- and 

middle-income countries. Sherbinin et al. (2007), Cushing et al. (2015), and Gordenker 

(1986) demonstrate the salience our work has to uncover relations between population 

movement and health risks, to environmental degradation.  

Much of the work we conducted is informed by critical research on environmental 

change, emphasizing the significance of hazards in the contexts of political, social-

economic, and health vulnerability. Cutter (1996) addressed societies’ increasing 

vulnerability to hazards—particularly poignant given Azerbaijan’s legacy of industrial 

development and its current exploitation of and economic dependence on fossil fuels—and 

recognized that characteristics such as a community’s degree of urbanization, its 

population structure and distribution, and economic development can contribute to 

particular places’ social vulnerability. Cutter further developed and applied this early 

conceptual work through the Social Vulnerability Index (SoVI) (2003). While Cutter’s 

work focused on the United States, similar application of her index to other contexts can 

help identify communities’ particular characteristics and collective experiences (and those 

of their individual members) that in combination suggest their capacities to respond to and 
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recover from environmental disasters (Cutter, Boruff, and Shirley 2003). Morrow’s (1999) 

similarly focused work on place-based risks integrates mapping and in-the-field 

communication with members of at-risk communities—an approach taken in our work. 

The study of the social and economic construction of risk, but with a particular emphasis 

on demographic change and hazards, is emphasized by Hogan and Marandola (2012) and 

further informs our work in Azerbaijan.  

3.2.1.2 Understanding Environmental Toxins and Vulnerable Populations in 

Azerbaijan  

 

The Toxic Site Identification Program (TSIP) is the first dataset in Azerbaijan that 

captures both the Soviet legacy of toxic disposal and current toxic sites together with 

associated human health risks. The threat to human health extends to and is connected with 

the broader socioeconomic considerations that can be visualized by pairing census and 

TSIP datasets, despite the gaps in official census datasets. To help compensate for these 

gaps and to obtain information not captured by the national population census, interviews 

were used to derive a clearer understanding of individuals’ perceptions regarding the lived 

relationship between toxic hazards and social inequality. For example, produce sellers on 

the Absheron Peninsula expressed their inability to leave Azerbaijan due both to expensive 

visa fees and lack of better opportunities, and therefore found little choice but to remain in 

Azerbaijan to sell their produce. Primary research in the form of in-person interviews with 

produce sellers strongly suggests that residing and selling produce near the identified TSIP 

sites is most convenient and profitable for these merchants. 
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3.2.1.3 Technological Hazards in Azerbaijan  

 

Environmental degradation due to inadequate regulation of the use and containment 

of mercury, lead, arsenic, pesticides, and air pollutants is often a result of post-World War 

II Soviet intensified industrialization. Soviet legacy toxic sites belong to the general class 

of technological hazards, which further include radiation, toxic wastes, transport accidents, 

factory explosions, fires, and chemical spills.1 Three decades after the dissolution of the 

Soviet Union these technological hazards remain in its former republics, including the 

Republic of Azerbaijan (Sharov et al. 2016). Azerbaijan has adopted many laws and 

policies to recognize and deal with technological hazards. These laws include the Law on 

Phytosanitary Control (1998); Law on the Protection of the Environment (1999); Law on 

Environmental Safety (1999); Law on Industrial and Municipal Wastes (2001); Law of 

Azerbaijan Republic on Protection of Atmospheric Air (2001); and the Law about Receipt 

of Information on the Environment (2002). 

Technological hazards in Azerbaijan, however, remain a serious health threat. 

Sumgait, Azerbaijan's second largest city, located on the Absheron Peninsula just under 40 

km from the nation’s capital, Baku, is one of the most polluted cities in the world.2 Pure 

Earth (PE), formally known as the Blacksmith Institute (BI) prior to 20153 reports that there 

are more than 40 factories manufacturing industrial and agricultural chemicals, which in 

combination release as much as 120,000 tons of harmful emissions into the air annually. 

Studies conducted jointly with the Azerbaijani Republic Ministry of Health, University of 

Alberta, the United Nations Development Program (UNDP), and the World Health 

Organization (WHO) demonstrated that Sumgait residents experience high levels of cancer 

morbidity and mortality (WHO-AIMS Report on Mental Health System 2007; Republic of 
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Azerbaijan 2018). For example, the cancer rates were reported 22-51% higher than the 

average incident rates in the rest of Azerbaijan, with an 8% higher mortality rate. While 

some reports suggest lower cancer rates, research shows this information is likely flawed 

due to underreporting (Ahouissoussi et al. 2014; Andruchow et al. 2006; Bickham et al. 

2003; Islamzade 1994). While cancer is not the focus of this study, these rates suggest other 

types of health impacts from toxins in Azerbaijan. It is important to note that research 

linking Azerbaijan’s domestic migration and livelihood with environmental change and 

degradation is minimal. This is due in part to inconsistent and limited migration data and a 

lack of attention to the environmental drivers that can motivate domestic resettlement 

(Ahouissoussi et al. 2014; Leonardelli 2016).   

Azerbaijan’s technological hazards have broader socioeconomic consequences 

beyond their threat to human health. As in other parts of Eurasia, migration within and 

from Azerbaijan is driven by multiple factors, including response to socio-economic and 

health related vulnerabilities. The country’s unemployment rate, coupled with its low 

population growth and high infant mortality rate, were among the drivers for international 

migration between 1995-2015 (Yüksel et al. 2018). Further, Azerbaijan’s political tensions 

and previous conflicts with Armenia over the contested regions of Nagorno-Karabakh and 

its surrounding districts of Aghdam, Fuzuli, Gubadli, Kalbajar, Jabrail, Lachin and 

Zangilan led to the involuntary relocation of approximately one million first generation 

internally displaced persons (IDPs) to semi-permanent settlements in both urban and rural 

regions located predominately near and along the Absheron Peninsula, close to many of 

the identified TSIP sites (Abilov and Isayev 2016; IDMC-NRC 2010; Rodríguez Rios 

2006; Abbasov et al. 2019). 
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3.3. The Challenge of Data Paucity in LMICs 

 

There is minimal available and reliable data particularly for many low‐income and 

middle‐income countries (LMICs) regarding natural hazards (Ahouissoussi et al. 2014; 

Leonardelli 2016). Exposure to chemicals from hazardous waste sites is especially poorly 

documented among LMICs (Ericson et al. 2013). 

One response to this dearth of information is to use data derived from the Pure 

Earth’s Toxic Site Identification Program (TSIP). This program was designed to evaluate 

low- and middle-income countries’ (LMICs) population health-risks to local hazards. The 

TSIP documents environmental hazards of concern to quantify pathways, populations at 

risk, and the severity of populations’ exposure to hazards. The TSIP focuses exclusively 

on identified and sampled toxic sites that have point source pollution affecting human 

health. Pure Earth’s (PE) initial site screening (ISS) determines the level of polluted site 

severity. The ISS provides information about the key pollutant concentration level, the 

exposure pathway, the size of the population at risk, and the severity of the pollutant 

(Chatham-Stephens et al. 2013; Ericson et al. 2013). The ISS gives each site a ranked value 

based on the ISS standard method. Our research team used the ISS, which is based on the 

Environmental Protection Agency (EPA) protocols (see Ericson et al. 2013 for specifics of 

the ISS ranking method and see also Abbasov R., Cervantes de Blois, C.L., Sharov, P. et. 

al 2019 for the TSIP dataset for Azerbaijan). 

One of the key goals of the TSIP dataset is to address the lack of information 

regarding the impact of hazardous waste sites and industrial pollution on human-health in 

low- and middle-income countries (Ericson et al. 2013). TSIP evaluates many types of 

human exposure pathways including air, water (through drinking and washing), soil and 
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agriculture, but uses the dominant pathway to calculate the level of toxic severity that poses 

the most serious human health risk. Our motivation to use the TSIP dataset is its utility for 

identifying key pollutants’ influences on disease spread, health, and lost economic 

productivity.  

 

3.3.1. Azerbaijan and Data Challenges  

There has been some research on Azerbaijani communities’ vulnerability to water 

pollution and the consequences of climate change (see Abbasov and Smakhtin 2012). 

Soroos (2000) highlights the Caspian Sea region as threatened by water pollution, declines 

in fish stocks (especially beluga sturgeon), changing sea levels, and coastal land 

degradation. However, there has been little research that addresses vulnerability and social 

inequality in the context of technological hazards. In Azerbaijan, vulnerability to 

environmental hazards has tended to be narrowly focused on the related health and 

pollution repercussions from Azerbaijan’s transformation into a major hydrocarbon 

exporting nation (Isaczai and Mustafayev 2016; Satish Rao 2005; Rahmanzada 2016). One 

reason why there has been little research on community exposure to technological hazards 

is that official population data does not have local-level coverage regarding Azerbaijan’s 

outmigration, province level information on infant mortality, and health data relative to the 

location of toxic contamination. This type of population data is important because it can 

help to identify both where population movement is occurring and can assist to reveal some 

of the reasons for migration. The lack of detailed data, unfortunately, limits the 

government’s ability to effectively implement and manage policies focused on 

environmental hazards and public health.  
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Since province and regional level data is sparse, we focus on Azerbaijan’s 

migration patterns as influenced by unemployment, infant mortality, and the compounding 

relationship between population growth and migration (Yüksel et al. 2018; Ahad 2015; 

Farooq et al. 2010; Sulaimanova and Bostan 2014). Similarly, national census data does 

not disaggregate unemployment data. The available data includes the number of 

individuals who received unemployment status from the employment service office and 

the number of individuals who received state unemployment compensation.  

We selected the unemployment registration data provided by the employment 

service office but did not include the town of Khankendi and the Nakhchivan Autonomous 

Republic, since Azerbaijan’s national census datasets omit these locations. Four regions 

are listed in the national census with no infant mortality under one year of age.  Further, 

although twenty-two sub-regions contain years with missing data, enough data was 

available to facilitate extrapolation to obtain a regional 2012-2018 average. The national 

census data provides official population data from 2012 until 2018, which aligns with our 

approach and therefore we use national census data in the four maps (see Figures 3.2-3.5).  

Although there are documented incidents of drought (Leonardelli 2016), flooding 

(ENVSEC and UNDP 2011), landslides (Safaraliyev 2015), and climate change (IDMC 

2014) at local and national levels, data regarding hazards are largely unavailable. Some 

technological and hazardous data affecting population are publicly available (see, for 

example, Satish Rao 2005). However, this web-based information does not provide 

statistical data, environmental analyses, strategies, or program implementation reports. To 

a large extent, it has been the lack of financial and resource investment necessary to conduct 

environmental monitoring that has led to data deficiencies (Mammadov 2017).  However, 
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one notable exception is the Pure Earth’s TSIP dataset, which is among the only 

environmentally related datasets available at district levels for Azerbaijan. We describe this 

data below in the Data Collection section.  

3.3.2. The Need for Mixed Methods in Data-Poor Contexts  

 

Not only are there conceptual and data challenges to identify the relationship 

between social inequality and technological hazards, but so too are there methodological 

difficulties. Horney et al. (2020) argue that a mixed methods approach can be effective for 

understanding the needs of socially and physically vulnerable residents of at-risk regions. 

Researchers are uncertain as to the extent at which increased stakeholder engagement 

might actually lead to their greater awareness of risk. Shay et al. (2016) combined 

discussions with individuals and census-based geospatial data to facilitate stakeholder 

generated composite maps. Other studies have effectively used mixed methods to examine 

issues of equity and justice (Mistry et al. 2016) and the integration of qualitative and 

quantitative approaches have been used by clinical and health services researchers (Tariq 

and Woodman 2013). Consequently, our mixed methods approach, combining local 

knowledge with published TSIP data, led to the identification of spatial and non-spatial 

components of social inequality within environmentally compromised places. 

In sum, there are conceptual, methodological, and data challenges when attempting 

to better understand not only coupled society-environment relations, but in our case when 

doing so within the context of technological hazards in Azerbaijan. A mixed-methods 

approach is therefore critical for society-environment studies in Azerbaijan; thus, our study 

combines qualitative and quantitative data to explore how vulnerability to environmental 

hazards intersects with social inequality in Azerbaijan. 
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3.4. Methods 

 

The location of toxic sites near communities is a serious human and environmental 

concern, but the resources to investigate this issue remain largely unavailable. At the same 

time, to conduct research on the relations among toxicity, health concerns, and migration 

requires access to community members and documentation, including local reports, 

monographs, and census data at the sub-regional level, and the ability to read and speak in 

both Russian and Azerbaijani. Cultural awareness and linguistic dexterity are critical for 

conducting this type of research in Azerbaijan. Speaking to other researchers and scholars 

in Azerbaijan, engendering trust from community members, and acquiring materials with 

limited distribution helps augment incomplete official data.  

To speak with members of smaller communities located outside of Baku requires 

proficiency in Azerbaijani and Russian and some basic phrases more common in the other 

ethnic communities approached for this study. Additionally, it is necessary to have cultural 

competencies necessary to engage in snowball interviewing, especially relevant for 

communicating within the established gendered and socioeconomic norms prevalent in 

communities located near the identified TSIP sites. These communities include diverse 

ethnic groups, IDPs, and individuals subsisting at the margins of socioeconomic wellbeing. 

Consequently, this study combines national census data, GIS analysis, TSIP data, and in-

country fieldwork. Note that it was the inclusion of interviews that helped to confirm that 

the income of people living near the TSIP sites tend to be lower than members of 

communities who live in environmentally cleaner areas.  
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3.5.  Research Procedure 

 

The following steps were taken to create the four final maps: 

 

Step 1: Data Collection 

Step 2: Fieldwork 

Step 3: Data Visualization 

 

 

3.5.1. Data Collection 

 

We use three types of data: national census data, toxic site TSIP data, and fieldwork 

interviews (see Figure 3.1 for geographic reference of sub-national regions). The data from 

the national census cover the period 2012-2018 and matches the TSIP dataset, which also 

covers 2012- 2018. The data we selected from the TSIP database met the following criteria: 

(1) the site is located in Azerbaijan; (2) the pollutant had a Blacksmith Index (BI) value 

(note: the name changed from BI to Pure Earth Index, (PI). However, at the time this study 

was conducted TSIP sites were ranked and labeled as BI, therefore we use “BI” in this 

study).  The BI value of 6 and higher were selected due to their severe health risk to human 

populations. Interviews were used to help supplement some of the regional data missing 

from the national census. This facilitated the identification of districts with populations at 

risk from toxic sites. The interviews further provided insights into first-hand experiences 

regarding the impact of toxic waste.  

 

Population data: Demographic data was based on the availability of Azerbaijan’s national 

census information (Table 3.1). As reliable data at the local level is unavailable, identifying 

the association between vulnerability to toxic sites and communities posed challenges. 

Yüksel et al. (2018), for example, uses population growth, unemployment, and infant 
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mortality to measure international migration in response to vulnerability. We also used 

these inputs because they are the only available census data at the sub-national level and 

correspond to the available TSIP data from 2012 to 2018.  

 

 

 

Table 3.1. Demographic and TSIP data 

 

Data Timeframe Source 

 

TSIP sites in Azerbaijan with 

BI 6-8 ranked values 

(table of ranked polluted sites 

are in Appendix 1) 

 

2012 - 2018 

 

Blacksmith Institute (BI)Toxic 

Site Identification Program 

(TSIP) 

 

Population per region 

 

2012-2018 

 

 

The State Statistical Committee 

of the Republic of Azerbaijan 

 

 

The State Statistical Committee 

of the Republic of Azerbaijan 

 

 

The State Statistical Committee 

of the Republic of Azerbaijan 

 

Persons registered for 

unemployment status in each 

region 

 

2010 - 2017 

 

Infant mortality under one 

year, 1000 per live births 

 

2010-2017 

 
 

TSIP data: Sharov et al. (2016) identify Azerbaijan as a major producer and user of 

pesticides, petrochemicals, and hydrocarbon fuels. Further, their work shows that among 

the three Caucasus nations, Azerbaijan and its neighbor Armenia have the highest 

percentage of populations affected by identified toxic sites. This is due in large measure to 

both nations’ relatively small geographic size, dense population concentrations, and the 

Soviet industrial legacy. Azerbaijan, however, is second to Russia in having the most 

people at risk from toxic pollution (Sharov et al. 2016).  



 

50 

 

Blacksmith Institute (later renamed Pure Earth) identifies toxic hazardous sites in 

Azerbaijan as those abandoned after dissolution of the Soviet Union, those abandoned more 

recently, and sites resulting from active factories, riparian dumping zones, agricultural 

lands, and areas of current petroleum operations. As the Azerbaijani TSIP identifies toxic 

sites with negative health effects on local populations (Abbasov et al. 2019), we were able 

to further reveal how vulnerability to environmental hazards and social inequality are 

associated. 

Figure 3.1. Display of sub-divisions in the Republic of Azerbaijan 

 

 
 

 

 

3.6.  Fieldwork 

 

Interviews: Field work was conducted for 12 months, August 2017-2018 and for an 

additional 3 months in 2019, June - August. The use of snowball sampling was effective 
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when interviewing fruit and vegetable produce sellers who are from or working in the 

bazaars in the following sub-regions: Absheron, Aran, Daglig-Shirvan, Ganja-Qazakh, 

Lenkeran, Quba-Khachmaz, Nakhchivan, and Shaki-Zaqatala. Each interview involved 

asking questions (see list of questions following the interviewees’ information) that 

focused on the perception of vulnerability to environmental hazards and motivation to 

relocate or work in areas that are identified by TSIP as toxic. All interviews were conducted 

in either Azerbaijani or Russian language by the first author. Answers to the interview 

questions provided insights on how to interpret incomplete census data or when the census 

data included incomplete information (e.g., Figure 3.4, unemployment change). We paired 

the toxic sites and demographic data to create the four bivariate maps. 

 

Interviewees: This study relied on completion of the BTC pipeline (2005-2006) as a 

temporal milestone for acquiring a sense for whether residents felt that areas of the Caspian 

coast with which they are familiar have changed and if so how. Both men and women thirty 

years or older were interviewed because of their experiences living during the transition of 

Soviet Azerbaijan to the independent Republic of Azerbaijan. Further, only men and 

women who worked as fruit or vegetable sellers and growers were interviewed as this 

population segment is often socioeconomically disadvantaged.  
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Examples of in-country interview questions used to spur conversation on perceptions 

of environmental change: 

 

(1). Is the quality of air different, compared to fifteen years ago? 

(2). Are the taste of fruits and vegetables different, compared to fifteen years ago? 

(3). Have you noticed changes in air quality, and if so how would you describe these 

changes?  

(4). Have you noticed a change in your drinking and washing water?  

(5). Have you noticed a change in the number of cars; if changes, do you feel this has 

impacted air quality? Yes/how? 

(6). Do you have access to medical facilities? Please describe your access. 

(7). Does your community face health risks? Please describe. 

 

While many people would choose to leave their current residence—as many of the 

interviewees acknowledge living near polluted locations—their socioeconomic and 

employment opportunities prevent them from doing so. Poignantly, many residents 

neighboring toxic sites moved to these areas in search of better socioeconomic 

opportunities. An interview with Nurlan (name has been changed for privacy reasons), a 

35-year-old Azerbaijani fruit producer and seller in the bazaar near TSIP sites in Ganja, 

provides an example as to why community members are moving to, residing, and working 

near the toxic TSIP sites.  

 

We cannot afford visas to work in Russia, the migration laws are more 

difficult in Russia. I also have a cousin in Turkey and another in Israel, but 

they tell me it's too expensive to live there and not good to make profit. They 

tell me to stay here [Azerbaijan], because I will not lose. We [Nurlan and his 

family] moved to Ganja because many people come here to see Lake Goygol 

and for religious pilgrimage to Shah Abbas Mosque—we make good money 

here [staying in Azerbaijan, specifically in Ganja near an identified toxic 

TSIP site].  
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3.7. Data Visualization  

 

Four bivariate maps were created with ArcGIS 10.7 Desktop and were subsequently 

exported into Adobe Illustrator for editing and to ensure legibility and clarity through 

application of cartographic design principles. The mapped TSIP toxic sites of recorded 

pollutants had a point-source, an identifiable migration route, an exposure pathway to 

human populations, and therefore were used for this study. We include census-reported 

data for infant mortality, population count, and unemployment and plot the TSIP data 

points to show the level of toxicity. 

The first map (Figure 3.2) uses province-level population data from 2012-2018—

obtained from the State Statistical Committee of the Republic of Azerbaijan—and 

correlates this with the BlackSmith’s TSIP pollutant data. The second map (Figure 3.3) 

shows population change between 2012 and 2018. The third map (Figure 3.4) displays the 

percent change of the population with official unemployment status, but not necessarily 

receiving unemployment compensation. Data availability constrains our overlay of 

registered unemployment status and TSIP data for 2012-2018.4 Lastly, in Figure 3.5 infant 

mortality rates per region and the TSIP sites were overlaid to suggest the correlation 

between the locations of TSIP sites and infant mortality within each region. 

 

3.7.1 Map Design  

Indexing the maps required four main steps. The first step required finding, sorting, 

and categorizing the census data. The second step entailed mapping and properly projecting 

the latitudinal and longitudinal points of the TSIP tabular data. The third step included the 

overlay of the two main datasets—the organized and categorized census data and TSIP 
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data points. The final step consisted of in-country fieldwork, which facilitated our more 

nuanced understanding of the correlation between the TSIP and census data mapped 

results. This final step confirmed that communities with some of the highest levels of social 

inequality were also most prone to negative health impacts from working and residing near 

TSIP identified locations. 

The four bivariate maps (see Figures 3.2-3.5) display the spatial distribution of 

toxic hazardous sites and social inequality. The level of toxic severity per site is displayed 

by circles in decreasing size. Specifically, each site was determined by its radius distance 

of human populations to identified toxic site and the number of recorded negative health 

outcomes. For example, the pathway between the TSIP sites and proximate human 

populations resulted in a higher account of recorded negative health outcomes. The largest 

circles on each map (Figures 3.2-3.5) have a Blacksmith Institute indexed value of 8, the 

highest value in Azerbaijan. The second largest circle has an indexed value of 7, indicating 

the second highest recorded negative health outcomes. The smallest circle has an indexed 

6 value, demonstrating communities with the least amount of recorded negative human 

health outcomes and which are located furthest from TSIP sites. The color used for each 

circle represents pollutant type for each TSIP toxic site. The toxic sites identified as “other” 

are in grey hue. These sites are located on the Absheron Peninsula and include 

combinations of sulphur dioxide (SO2), radiation, volatile organic compounds (VOCs), 

nitrogen dioxide, and phenol.  
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  3.8. Results  

 

Four bivariate maps were produced to show the spatial distribution of toxic sites 

and local community members’ health conditions. The results show that toxic sites have a 

significant impact on socio-economically disadvantaged communities. Individuals residing 

or working near TSIP identified sites are generally at or below the nation’s poverty level. 

Pairing TSIP data with available census data helped us to identify whether population 

numbers are increasing or decreasing near TSIP sites.  

 

3.8.1. Indexed Maps 

 

Vulnerability to environmental hazards in Azerbaijan is in many circumstances 

related to the location of toxic sites, which whether abandoned, unmonitored, or 

mismanaged have negative impacts on the health of nearby human populations. 

Information regarding the possible negative health consequences associated with TSIP 

proximity is often difficult to access by vulnerable populations.  

 

3.8.1.1. Indexed Map of Population Average 

 

Toxic sites of the Blacksmith Institute ranking (BI) 8 are located within or around 

the four largest cities in Azerbaijan: Baku (largest city in Azerbaijan) and Sumgayit 

(second largest city); in the northwest Ganja (third largest city); and in the south Lenkeran 

(fourth largest city). This pollutant-pathway-population model of risk assessment is 

described in detail by Caravanos et al. 2014. This model was developed by the Blacksmith 

Institute as a simplified yet effective way to rank and label contamination severity. The BI 

value is on a simplified scale from 1 to 10. It is calculated based on the number of people 
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affected by the contamination and the sampled area’s severity of pollution. 

 

 

Figure 3.2. Contaminated sites and population average 

 

 

 
 

 

 

3.8.1.2 Indexed Map of Population Change  

 

The Absheron Peninsula, Azerbaijan’s most densely populated region and location 

for Azerbaijan’s largest cities Baku and Sumgayit, has not experienced significant 

population increases from the rural to urban and Internally Displaced Persons (IDP) 

migration patterns. The regions with the highest BI rank of 8 show that population growth 

has not increased as much as regions with a BI rank of 6 and lower. This may be due to 

multiple compounding influences, including IDP registration difficulties (Onder 2012), 
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competition for limited jobs (Allahveranov and Huseynov 2013), and health risk related to 

hazardous sites (Zolotovitskaya 2003; Aliyev 2003; Aliyeva 2003). 

Interviews were conducted with IDPs from Nagorno-Karabagh and formerly 

occupied regions who work and reside on the Absheron Pensinsula, near several identified 

TSIP toxic sites. Akbar (whose name has been changed for privacy), a 37-year-old, 

Azerbaijani IDP who sells dried fruits, suggests the following: 

 

When I first started selling dried fruits and nuts, I worked in the village with my 

cousin, but I was not able to make enough money to save for my future bride, so I 

moved here [Absheron Peninsula] to work in a factory and to sell my fruits and 

nuts. I work double because I want to get married in the next year. 

 

Interviews suggest that some produce sellers move to the Absheron region to pursue 

commercial opportunities, while other produce sellers commute to the region but live 

elsewhere. The interviewees agree they can earn more money on the Absheron Peninsula 

than in the rural regions.  
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Figure 3.3. Contaminated sites and growth change 

 

 
 

3.8.1.3 Indexed Map of Unemployment Change   

 

The mapped results show that the percent of persons registered as unemployed are 

greatest along the Absheron Peninsula as well as west of the Peninsula in the rural region 

of Daglig-Shirvan and in the northern region of Sheki (see Figure 3.1, Shaki). Note that no 

toxic sites have been detected in these rural and mountainous regions, respectively. 

Interviews suggest that IDPs may not be able to register for unemployment benefits, and 

therefore may look for work through unofficial avenues (e.g., helping a relative or friend 

sell produce in the bazaar). Elhan, whose name has been changed, a 40-year-old IDP 

originally from Fuzuli, suggests how he cannot find official work and thus does odd jobs 

for his relatives and friends. As he explained,  
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I came to Baku from my region to find work, because I am not a man if I sit at home 

with my grandmother…I must find a job, but I cannot find a good job because I am 

a Yeraz [“Azerbaijani from Yerevan,” used by members of this regional clan even 

if they are not originally from Yerevan, Armenia]. For now, I help my friends at 

their shops, I even roast chestnuts on Targovi [shopping district, in Baku] when my 

friends need extra help.  

 

The southwestern part of Azerbaijan has a significant population of IDPs attributed 

to the Nagorno-Karabakh conflict (Habibov and Fan 2014; Brookings-Bern Project 2011; 

Garbe-Emden 2012), which has led to the region's higher unemployment rates and 

incentives to move to urban areas in search of employment (United Nations Economic 

Commission for Europe 2010;  Muslumov et al. 2016; Aliyev 2008). As Figure 3.4 

demonstrates, the decrease in numbers of registered unemployed individuals in this area 

can be attributed to outmigration to urban regions by individuals in search of employment 

opportunities (World Bank 2010; IDMC-NRC 2008). IDPs may have relatives or friends 

in Baku or along the Absheron Peninsula. This has encouraged some IDPs to relocate and 

in some instances to register for unemployment in their adopted region.  



 

60 

 

 

Figure 3.4. Contaminated sites and percent change of persons registered as 

unemployed by region  

 

 
 

 

3.8.1.4 Indexed Map of Infant Mortality  

 

The mapped results of Azerbaijan’s infant mortality (younger than one-year of age) 

do not fully capture the unfortunate reality in Azerbaijan (Blacksmith Institute Report 

2007; Habibov and Fan 2014; IIEP 2008). Azerbaijan’s infant mortality rate is likely under 

reported because it maintains the more limited Soviet definition of infant mortality—the 

rate may be as much as a fifth higher than the official recorded rate.6 The Soviet definition 

of infant mortality differs from the World Health Organization (WHO) by omitting very-

high-risk infants who do not survive to the perinatal period, which is defined by Anderson 
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and Silver (1986) as the period between 28 weeks of gestation and at the end of seven days 

after birth.  

Estimates suggest that from 2019-2021 infant mortality rates have remained at 

approximately 20/1000, which according to UNICEF suggests a continuous improvement 

from 1990-2019. Despite improvements Azerbaijan continues to lag behind Europe, which 

according to the World Bank experiences an average of 3 infant deaths under the age of 

one per 1000. Fieldwork interviews support the prevalence of infant mortality rates among 

the local populations residing or working near TSIP sites.  

Available census data for 2012-2018 was unreported for ten regions. Consequently, 

mapped results for some rural regions have a value of “0” to designate "No data available." 

Further, regions with unreported data for one year or more were similarly indicated. As 

this data demonstrates, Azerbaijan continues to experience among the highest infant 

mortality rates for transitional economies (Habibov and Fan 2014; IIEP 2008; U.S. Agency 

for International Development CDC 2003; WHO 2017; World Bank 2017, 2018). While 

there was incomplete infant mortality data available for the southeast region of Lenkeran, 

the surrounding villages, and the neighboring rural regions pesticide sites with a BI value 

of 6 have been documented for this extended region. The northwest region of Azerbaijan 

is the location for toxic sites with an even higher BI rank of 8 for arsenic and lead, and a 

BI rank of 6 for mercury, cadmium, and aluminum. This northwest region, recording a 

higher infant mortality rate and a high BI ranking, suggests that further research is needed 

to characterize the infant mortality rate in similarly ranked regions. 

The infant mortality data in some parts of the country is nearly nonexistent. 

However, the available national census data set indicates that for some regions infant 
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deaths are under one-year. The infant deaths that are recorded, are labeled as caused by 

either an infection of the respiratory system, conditions originating in the perinatal period, 

congenital malformations, deformations, or chromosomal abnormalities. The identified 

infant deaths suggest that pregnant mothers were exposed to high levels of sulfur dioxide 

(SO2) (Hajat et al. 2007), cadmium (Currie and Schmieder 2009), arsenic (von Ehrenstein 

et al. 2006; Hopenhayn-Rich et al. 2000), mercury, agricultural pesticides, or lead (Bose-

O’Reilly et al. 2010; Regidor et al. 2004; Taha and Gray 1993; Lanphear, Weitzman, and 

Eberly 1996; Montgomery and Carter-Pokras 1993).  

 

3.8.2. Fieldwork Interviews 

 

In the section, “Azerbaijan and Data Challenges,” we discussed some of the 

difficulties in working with data paucity. Then we examined how combining qualitative 

(i.e., fieldwork) and quantitative (i.e., GIS applications and TSIP dataset) approaches can 

assist to bridge data gaps when information is incomplete. Fieldwork and snowball 

interviews with local bazaar sellers helped supplement information where data was 

unavailable, which was particularly helpful given the challenges of limited demographic 

data for specific regions (i.e., sometimes missing and often incomplete national census 

data). 

As highlighted in this section, interviews provided information where census data 

was unavailable. For example, Akif (whose name has been changed), a middle-aged dried 

fruit seller at a local food bazaar in Azerbaijan’s southernmost city Lenkeran, explained 

(interview 2018):  

 

My wife used to work with me here at the bazaar to sell our grapes, however, she 

has fallen ill ever since her miscarriage. We tried to go to the hospital in Baku, 
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because the doctors here could not treat her illness. However, we do not have the 

resources to meet the financial demands of the doctors in Baku. They say the 

pesticides destroyed her womb and we will not have children. 

  

 

Akif’s loss is a common issue for many produce sellers in the southern bazaars near 

the city of Lenkeran, where pesticide levels are highest in all of Eurasia (as identified by 

TSIP). Additionally, sellers of nuts in the local bazaar in Sumgayit, located on the 

Absheron Peninsula about 36 kilometers from Baku, expressed their concerns over disease: 

“My neighbor, my son and now my relatives all have health problems—the young ones die 

before they marry!” (Interview 2018). Sayad (whose name has been changed to protect her 

privacy), a 48-year-old Azerbaijani woman who is a resident of Sumgayit, observed that 

young adults seem to be dying even before they marry. According to TSIP, Sumgayit 

possesses a high BI count of arsenic contamination of 8 out of 10, which is considered very 

high according to the TSIP ranking of toxic severity and negative health impacts.  

Several interviewees indicate that women are particularly exposed to toxic sites. 

The majority of women interviewed who lived near toxic sites shared that they have 

experienced infant mortality or severe birth complications (e.g., birth deformations and 

abnormalities). Fidan (whose name has been changed), a 31-year-old Yeraz woman from 

Nagorno-Karabakh, expressed how her child will not have a normal life:  

 

My child’s legs are not straight; he has a hard time walking and I am afraid to leave 

him alone. He cannot run with the other children because his knee bends inward 

and he limps when he walks. 

 

Saida (whose name has been changed to respect her privacy), a 39-year-old woman 

who identifies as a part of the Taylsh ethnic group from Lenkeran, expresses her fear to 

have children.  
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I have gotten pregnant four times, but I lose the baby every time…The doctors tell 

me that my work in the agricultural industry causes my miscarriages [Lenkeran 

communities have the highest exposure to pesticide toxicity in the country].  

 

These interviewed women either lived near or moved to toxic sites for work. 

Although toxic exposure may be difficult to document, women residing near TSIP toxic 

sites suggest that birth defects and infant mortality are common. Sara (whose name we 

have changed), is in her early twenties and is a member of the Taylsh ethnic group residing 

in Lenkeran near TSIP toxic sites with high levels of lead and aluminum, expressed her 

concern that she will be unable to become a mother.  

 

I have been trying to have a family for 5 years and I cannot keep the baby alive…my 

doctor says I have toxic blood.   

 

 

Interviewed women in southern Azerbaijan, where DDT and other pesticide use are 

high, suggest a shared experience with infant mortality. We also found that in the northwest 

of the country, where arsenic and lead are highly concentrated, interviewed persons also 

suggest that birth defects and infant mortality are common (see also Abbasov et al. 2019). 

Zulfiya, (whose name we have changed), an Azerbaijani woman in her early 40s, expressed 

her challenges trying to start her own family. She added that her sisters similarly struggle.  

 

I always wanted to be a mother... I have already had three miscarriages, but we are 

saving money to hopefully afford different types of treatment.  
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Figure 3.5. Infant Mortality rates under 1 year, 1000 per live births 

 

 

3.8.3 Summary of Indexed Maps 

The four bivariate maps display an overlay of population and toxic site data layers, 

supplemented with in-country fieldwork to clarify areas of the mapped regions that have 

insufficient data (see map legends for Figures 3.2-3.5). The results identify communities 

that are experiencing the negative health effects associated with proximity to TSIP sites. 

As confirmed by our interviews, lack of enforcement of environmental management and 

community members’ difficulties to relocate away from toxic sites or to find appropriate 

employment in less toxic areas are contributing to inequitable vulnerability to 

environmental hazards among certain segments of the Azerbaijani population.  
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3.9. Discussion  

 

The results demonstrate that socially and economically disadvantaged populations 

tend to be located near the Toxic Site Identification Program (TSIP) sites. Impoverished 

individuals —as demonstrated by the four maps—unfortunately may reside and work near 

TSIP sites.  

The results from in-country interviews combined with national census data suggest 

that some communities experience social inequality, such as the negative health impacts 

related to their proximity to TSIP sites. For example, Nazrin and her husband Javanshir 

explained that there are common health issues associated with lungs, kidneys, and bone 

marrow. Nazrin explains, “My cousin struggles with lung cancer and my neighbor has very 

bad stomach issues. We think it’s from the dirty air and water.” As previously indicated, 

our interviews suggest that relocation away from nearby TSIP sites are not a typical option 

for socioeconomically disadvantaged populations (i.e., IDPs and other disenfranchised 

populations). 

The results show little population growth in the southwest region of Khojavend and 

the surrounding areas, which can largely be attributed to the region’s unrest linked to the 

Nagorno-Karabakh conflict. The conflict, which started in 1988 and nominally ended in 

2020, led to a large internally displaced persons (IDP) population. Despite regained 

territorial control by Azerbaijan, not only is the region’s infrastructure in need of 

reconstruction but the extended region remains heavily mined, presenting dangerous 

challenges for the Azerbaijani government’s effort to repopulate the region. 

The IDP population has not been accurately enumerated by the national census and 

if fieldwork interviews are illustrative, the high miscarriage rates experienced by IDPs have 
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also not been accurately registered. Compounding the challenges associated with 

accurately including IDPs in the national census, segments of this population migrated to 

the Absheron Peninsula and to more northern urban regions (Cornell 1997).  

Regions with a BI rank of 6+ tend both to be pesticide detected sites and have the 

largest population percent growth from 2012-2018. Residents in these regions are 

predominantly agrarian and they tend to have larger families. Further investigations are 

needed to determine whether population growth results from in-migration, high fertility 

despite the high infant mortality rates, a combination of both factors or other 

considerations. 

According to the World Bank (as detailed in Dasgupta 2008) the Absheron 

Peninsula has decades of industrial operations with inadequate environmental 

management. Moreover, rapid urban growth largely due to migration from rural areas has 

led to “informal settlements … growing in heavily polluted areas, creating a serious health 

risk” (Huseynov 2008, pg. 2; Dasgupta 2008; Chan 1995; Kaye 1994; Lein 2000). TSIP 

toxic sites are strongly correlated with infant mortality and premature deaths. The 

Azerbaijani Bureau of Statistics indicates that since the mid-2000s there has been an 

increase in premature deaths relating to preterm birth complications, neonatal 

encephalopathy, and disease relating to the circulatory system (IHME 2010; State 

Statistical Committee of the Republic of Azerbaijan 2019). The census datasets for infant 

mortality located in high BI ranked sites aligns with Dasgupta (2008) and the State 

Statistical Committee of the Republic of Azerbaijan (2019).   
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Mapping Azerbaijan’s unemployment is challenging. Available data does not 

clearly distinguish among individuals who receive unemployment compensation, those 

who are officially registered as unemployed but do not receive compensation, and others 

who are neither officially registered as employed nor unemployed but have unreported 

income. Thus, to identify which regions are experiencing unemployment-related 

outmigration it is necessary to find the percent change of persons officially registered as 

unemployed. We recognize that some people may be uncounted due to mismanagement of 

registration. Fieldwork confirms that this seems to occur among IDP community members 

who may relocate to pursue employment opportunities but do not register in their new 

location.  

Although available data is limited, the mapped results identify that the most 

polluted areas within the Absheron region also have the highest infant mortality rates for 

2010-2017. A recent study by Avaz and Qadir (2020) and a joint report by the Azerbaijan 

Economists Union-UNICEF (2008) identified that healthcare was very limited generally, 

and that medical services in Lenkeran and the surrounding regions were among the worst 

in the country. 

Our study demonstrates that use of the TSIP dataset combined with fieldwork 

interviews can reveal that social inequality, employment challenges, and proximity to toxic 

sites are an unfortunate reality for many residents of Azerbaijan.  

3.10. Conclusion and Recommendation for Future Research  

 

In this study we present a method to investigate, when official data is incomplete, 

some of the negative health impacts experienced by communities affected by toxic waste 

sites. By combining published data, interviews, and cartographic analysis we can uncover 
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how vulnerability to environmental hazards (i.e., toxic sites) intersects with social 

inequality (i.e., unemployment, population shifts, and infant mortality) in Azerbaijan. Our 

findings can offer policymakers and environmental managers a way to correlate 

vulnerability to environmental hazards with social inequalities. We conclude from our final 

results that the most vulnerable communities are in fact residing and working near the TSIP 

sites.  Vulnerable communities seem to reside or work near these toxic sites due to various 

factors including limited produce export opportunities, access to land near toxic sites, 

proximity to markets, familial networks, and lack of alternative options.  It is important to 

note that there are major obstacles for IDPs who plan to return to their homelands in 

western Azerbaijan. Post-conflict infrastructure remans in a state of disrepair and suitable 

residences for the IDPs remain limited. Employment opportunities remain nascent. And, 

underlying each of these challenges, the process to remove landmines is slow and 

dangerous.  

Among the challenges that were encountered in this study was the lack of reliable 

data that links population and toxic sites. We worked to circumvent this difficulty by 

drawing from regional cultural knowledge when interpreting the connection between 

census data and toxic sites. We identified how social inequalities are being exacerbated by 

environmental degradation—specifically unmonitored, mismanaged, and abandoned toxic 

sites as identified by the TSIP. The approaches developed in this study can potentially be 

applied to other Eurasian nations, especially to areas that continue to contend with some of 

the negative consequences of the Soviet Union’s industrial expansion.  Lastly, this study 

suggests a need to enforce existing and create new policies that more effectively address 
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the relations among social inequalities, environmental degradation, and health 

management in Azerbaijan (see also Bektashi and Cherp 2012; ADB 2014).  

 

 

End notes 

1.Details can be found on the Pan American Health Organization webpage: 

http://saludydesastres.info/index.php?option=com_content&view=article&id=330:3-3-technological-

hazards&catid=114&lang=en#:~:text=The%20UNISDR%20definition%20of%20technological,from%20technological

%20or%20industrial%20conditions.&text=Examples%20of%20technological%20hazards%20include,%2C%20fires%

2C%20and%20chemical%20spills. 

2. See BlackSmith's 2007 Annual Report: http://www.pureearth.org/wp-content/uploads/2014/12/2007ar.pdf 

3. See details here: https://www.pureearth.org/who-we-are/about-our-name/ 

4. The 2017 was the most recent census data available; subsequent data regarding registered unemployment is unavailable 

on the National Census webpage. 

5. This pollutant-pathway-population model of risk assessment is described in detail by Caravanos et al. 2014. This model 

was developed by the Blacksmith Institute as a simplified yet effective way to rank and label contamination severity. The 

BI value is on a simplified scale from 1 to 10. It is calculated based on the number of people affected by the contamination 

and the sampled area’s severity of pollution. 

6. More information about accuracy and misreporting of infant mortality in Azerbaijan and CIS countries is discussed in 

Nadezhda Aleshina and Gerry Redmond’s article, "ˆ ," ˆ, vol. 59, no. 1, 2005, pp. 39-54. 

7. Weidmann, Nils B., Jan Ketil Rød, and Lars-Erik Cederman. 2010. "Representing Ethnic Groups in Space: A New 

Dataset." Journal of Peace Research, vol. 47, no. 4, pp. 491–99. A more up-to-date version of this dataset can be found 

at https://icr.ethz.ch/data/epr/#geoepr 
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Chapter 4. Nature-based Management Scenarios for the Khojasan Lake 

 

 

Abstract 

 

 What is an effective approach to address wastewater treatment within low- and -

middle income countries (LMICs)? To answer this question, we developed an integrated 

lake management (ILM) model which proves to reduce the pollution levels in our study site, 

Lake Khojasan basin, located in LMIC Azerbaijan. We found that the inflow of the treated 

wastewater into the lake can be a reliable approach to effectively restore the lake’s 

ecosystem. Our model suggests that treated wastewater may gradually replace polluted 

water from the lake and support its full rehabilitation while at the same time restoring 

neighboring water systems. Our ILM is based on our calculated water and pollutant balance 

equations. According to our model, the increased investment around the lake will lead to 

an improvement of the treated water. From the results of this work, future studies may 

expand upon our cost-effective integrated lake management (ILM) model when using 

natural inflow patterns into wetlands to purify the water basin. Our study provides a 

model for researchers to use or expand upon when implementing sustainable and eco-

friendly methods that can control highly polluted and mismanaged lakes within LMICs. 

 

Keywords: Integrated lake management, Pollution, Water restoration, Water budget, 

Nutrient loads 

 
Note: This chapter has been published as: Abbasov, Rovshan, Cervantes de Blois, Chelsea L. (Both authors are 1st 

co-authors given the equal contribution to this publication) “Nature-based management scenarios for the Khojasan 

lake in Azerbaijan.” Sustainable Water Resources Management. 01-12-2021 | Original Article | Issue 6/2021.  
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4.1. Introduction 

 

Low- and middle-income countries (LMICs) compared to high-income countries 

are more often challenged with pollution management (Abbasov and Smakhtin, 2012; 

Khan et al., 2017; Zurbrügg, 2002). Specifically, pollution control of inland bodies of water 

within LMICs has shown to be a significant challenge due to limited financial support and 

resources (Jirka & Weitbrecht, 2005; Mrdjen et al., 2018; Effler & Hennigan, 1996; Kayani 

et al., 2020; Liu, et al, 2008; Rahman et al., 2017). It is important to investigate cost-

effective methods to address surface water pollution (i.e., urban lakes) because surface 

water is one of the most susceptible natural resources that is sensitive to being polluted due 

to its high mobility and universal solvent nature. Additionally, urbanization and rapid 

industrialization has caused deterioration of surface water quality, which makes it one of 

the most severe environmental problems for communities to address within LMICs (Khan 

et al., 2020). The expansion of urban areas or industrial sites (i.e., mining or oil extraction; 

see Santana et al, 2014) near surface water makes the challenge of mitigating pollutants 

from urban water sources an increasingly difficult task for urban planners and 

environmental scientists to address, specifically within LMICs.  

To manage surface water pollution is critical for economic, ecological, and human 

health focused studies (Kertesz et al, 2019, Reynaud & Lanzanova, 2017). However, 

numerous studies identify the process of restoring polluted urban lakes as a difficult task 

(Carpenter & Lathrop, 1999; Salonen et al., 1993). Specifically, the limitations of resources 

and funding to invest in urban remediation cleanup projects, for surface water, are often 

unsuccessful and do not fully restore the water quality, resulting in a failed rehabilitation 

project Kagalou et al., 2008; Le et al., 2010); Sondergaard et al, 2007). In this sense, the 
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difficulties and problems that arise during the cleaning of Lake Boyukshor in Azerbaijan 

can be cited as an example (Abbasov et al., 2019) Thus, to effectively tackle challenges of 

surface water pollution within LMICs it is important to establish an economical method 

that is sustainable. Therefore, recent studies suggests that the use of wastewater inflow 

patterns are a cost-effective method to reduce pollution and eutrophication levels within 

polluted urban lakes (Rosińska et al. 2018; Zhu et al. 2019; Chen & Olden, 2017).  

The diversity of pollutants, within urban water sources, can significantly vary based 

on location and pollutant type (Goher et al., 2019), this is especially true for nations with 

active oil production (see Santana et al, 2014; da Costa Cunha et al., 2019; Okoro et al., 

2020; Takshe et al., 2010; Winch & Stepnitz, 2011), or countries that have a combination 

of both location and pollution type (see Fayiga et al., 2018), or even LMICs that have a 

history of unsuccessful environmental remediation projects aimed at reducing pollution of 

urban surface water, such as in Azerbaijan (Abbasov et al., 2019; Scandizzo and Abbasov, 

2016). For example, in Azerbaijan’s capital, Baku, located on the Absheron peninsula 

touching the Caspian sea, there are high pollution levels due to permanent industrial and 

municipality wastewater releases during the Soviet industrial expansion (Khalilova & 

Mammadov, 2016).  

The impact of these pollutant levels in post-Soviet LMIC, Azerbaijan, has 

negatively impacted inland surface waters. Specifically, our study site, Khojasan Lake, is 

one of the most polluted urban lakes in Azerbaijan from previous and current industrial 

and untreated municipal wastewater discharges (Abbasov 2018; WB 2017). This persistent 

pollution and mismanagement has turned our study site into an industrial and domestic 

waste-reservoir, which poses a serious public health hazard to nearby residents and 
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ecosystems in Baku (i.e., the recent extinction of several fish species in Khojasan Lake) 

(Abbasov et al., 2019). 

To obtain sustainable use of Khojasan Lake, we developed an integrated lake 

management (ILM) model (see Section 4.3. Material and Methods). In our model, we use 

the natural treated wastewater inflow into the lake in order to reduce pollutant levels. The 

results of our study demonstrate that the treated wastewater entering into Khojasan Lake 

will consistently replace the polluted water, resulting in a gradual and long-term recovery 

of the lake. The contribution of our study is to establish an economical model that improves 

ecosystems’ services (i.e., wildlife and recreational purposes) within LMICs, since LMICs 

are most often challenged by the unattended or mismanagement of urban, surface water 

pollution programs.  

4.2. Study Area 

 

Azerbaijan is a Eurasian nation located in the Caucasus Mountains that is 

challenged by the mismanagement of Soviet legacy toxic sites (i.e., polluted surface water, 

soils and air). Therefore, in our study we examine Khojasan Lake, which is located in the 

western part of the capital, Baku. The lake’s watershed occupies the syncline and is 

surrounded by two ridges from the east and west side.  

Khojasan’s watershed area is 16,9 km2, surface 1,82 km2, and maximal length – 

3,82 km, maximal width - 662 m and depth – 4,01 m. The climate of the Absheron 

peninsula, where Khojasan Lake is located, is semi-arid and amount of precipitation is 

notably lower than potential evapotranspiration. Typically, summers in the area are hot and 

dry, while winters are cool and humid. Average annual temperature for the last 25 years 

has been 15,20C. Additionally, the average annual precipitation for the last 25 years was 
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302 mm. Most of the precipitation occurs in October-January. However, none of these 

months are particularly wet. Moreover, the area is predominately windy and the daily, 

maximum average wind speed for the last 15 years has been 26,8 m/s. Lastly, the maximum 

speed of winds during that period reached 42,5 m/s. 

Khojasan Lake has multiple natural inflows but only one outflow at the south end 

(see Figure 4.1).  The lake’s watershed is slopped from the north to the south with the 

lowest point at the south end.  The watershed’s area is 5,32 km2 with most of the urbanized 

area being occupied by shanty houses and small units of food production. The sewage 

flowing from all houses and production facilities in the area is mixed with rainwater, in 

addition to 15 oil wells that directly discharge into Khojasan Lake.  

Figure 4.1. Khojasan Lake 
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Khojasan Lake is unique with respect to its fauna, ecological, and environmental 

features. Spring ephemeral plant cover of semi-desert areas occupies the lake surroundings. 

These types of ephemerals emerge quickly due to rising temperatures in the spring and die 

back quickly because of long droughts of summer periods. Local tamarisk (Tamaricaceae) 

plants occupy lower reaches of the temporary watercourses. These watercourses are locally 

known as gobu (dry riverbed). There are planted groves in the northeastern and western 

part of the lake area, which occupy nearly 0,96 km2 of the watershed region. These groves 

include tree species such as local eldar pines (Pinus Eldarica) and common reeds 

(Phragmites australis) which are occupying lake coastal areas in most places (see Figure 

4.1).   

Furthermore, Khojasan Lake is a preferred wintering place for some duck species 

(e.g., Anas platyrhynchos). Common pochard (Aythya ferina), Eurasian coot (Fulica atra), 

pygmy cormorant (Microcarbo pygmeus) and many other bird types, that are watched in 

the area. In addition, to these species’ wild semi-desert lake landscape with unique flora 

and fauna could be a preferred leisure area for Baku residents. Its closeness to the city 

increases economic and recreational value of the area.   

Recently, Khojasan Lake has been identified to be of environmental danger. 

Untreated municipal and industrial wastewater is released directly into the lake and no part 

of the wastewater discharged into the lake is treated. On the northern region, located near 

the Khojasan town, is a coastal area that is heavily developed with numerous unregulated 

releases of chemical and biological pollutants from nearby factories and other hazardous 

wastes. All the houses in Khojasan settlement and several industrial units without sewerage 

systems discharge their wastewater directly into the lake. Also, small oil extraction wells 
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flow directly into Khojasan Lake, while the southern region of the lake remains relatively 

non-urbanized. 

 

  

4.3. Materials and Methods  

 

 

4.3.1. Estimation of Water and Pollutant Budget  

 

The water budget equation of lakes is based on the law of mass conservation, which 

shows how much water is stored in the lakes within a given period (Sokolov and Chapman, 

1974; Swenson and Wahr, 2009). The water balance equation is provided in equation (1): 

where, Vin and Vout is the water volume (m3 or km3) that is entering and leaving the lake 

respectively, and the value for dV/dt is the rate of volume in change of time. 

 

 

Vin-Vout=dV/dt       (1) 

 

 

Surface water, that are open and have an outflow pattern is considered to be an open 

lake, such as Khojasan Lake, which has a water budget (see equation (2)). An open lake is 

when the inflows and outflows exchange processes are very active. The value of P denotes 

the precipitation on the lake surface, (m3 or km3), and Vsr denotes surface runoff, whereas 

E is evaporation from the lake surface (m3 or km3), and the value of Vgr (m
3 or km3) is the 

groundwater. Open lakes, such as Khojasan Lake, have long-term stable water levels 

because the increase and decrease of the inflow is compensated by the increase and 

decrease of the outflow patterns  

 

 

P+Vsr+Vin-E-Vout±Vgr=0       (2) 

 



 

78 

 

 

Therefore, disparity between water input and, as well as evaporation can be 

considered as groundwater inflow/outflow as displayed in equation (3): 

 

±Vgr=Vin-Vout±E                            (3) 

 

 

Considering equations (2) and (3), direct natural input is estimated in equation (4), 

where, Vn -natural inflow volume, Vr, is the total runoff volume, Ps, is the direct 

precipitation on the lake surface. 

 

Vn=Ps-Es+Vr                    (4) 

 

 

To find the difference between natural input and direct flow, we calculated the 

wastewater input of the lake. Knowing the amount of wastewater allows us to calculate 

both the amount of pollutant discharged into the lake as well as the contribution of treated 

wastewater in the water balance, in the near future. The input Vww- is the amount of 

wastewater that entered into the surface water. Equation (5) calculates the pollutant budget 

of the surface water. 

 

Vww=Vr-Vn         (5) 

                                       

 

Total residence time of water in Khojasan Lake is estimated and explained within 

equation (6). The value of Vt is the total water volume in the surface water, whereas Qout  
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is the amount of outflow per second, and T is the total residence time of water in Khojasan 

Lake, or time for renovation of the surface water.  

  

 

T=Vt/Qout        (6) 

 

 

The average concentration of total pollutants is given in equation (7). The day-to-

day change in the amount of chemical pollutants in the surface water depends on the 

differences between the inflow and outflow amounts of pollutants. Our mathematical ILM 

model suggests that all the inflowing chemical waste is rapidly mixed with the surface 

water. The value of Ct is the average concentration of total pollutants in Khojasan Lake, 

whereas Wt is the total weight of pollutants, and V is the water volume.  

 

Ct=Wt/V        (7) 

 

       

The pollution budget of the lake can be determined as the difference between pollution 

inflows and outflows. This process is explained in equation (8). It is important to note that 

within our ILM model if CVin< CVout is true, then, CVout-CVin, will show a reduction of 

the total amount of pollutants in the lake. The changing difference between CVin and CVout 

will show changing concentrations of pollutant levels to be the following (see equation 

(8)).  
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CVin-CVout =± Wt       (8) 

 

If consider equation (8) in equation (7), then: 

 

Ct=Wt+(CVin-CVout )/V 

 

If CVin=0, then the reduction of the total weight of pollutants is explained in equation (9): 

 

Ct=Wt-CVout /V       (9) 

 

The estimation of residence time for pollutants is necessary to estimate time for 

surface water cleaning if pollutant inflow will be stopped. The residence time of total 

pollutants, as shown in equation (9), can be expressed as the ratio between the total amount 

of pollutants and the difference between pollutant inflow and outflow discharges. The 

pollutant loads of the lake were calculated as a product of volumetric water discharges and 

concentrations of the pollutants. In case of stopping pollution, the time for total reduction 

of pollutants can be calculated using equation (9). In equation (9) we are showing how 

concentration of the pollutants will be reduced, thus, if the pollutant flows into the surface 

water it should then be completely stopped. In general, pollutant decay will depend on the 

differences between inflow and outflow, as well as volume of surface water. 

 

 

T= Wt /CVout        (10) 

 

After T days, the concentration of the pollutant in the lake will be the following as 

explained in equation (11): 

 

C=Win-TWout/V       (11) 
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Equation (12) defines Cf and C0 to be the final and initial amounts of pollutant 

concentrations and, T represents the time for reduction of the pollutants, and b is the 

reduction factor that proportionally depends closely on resident time of water. In general, 

reduction of concentrations will have exponential decay and will be reduced gradually. 

 

Cf=C0(1-b)T
        (12) 

 

If we know the current concentration of pollutants and the elements of the 

water balance, we can calculate the cleaning time in open lakes according to 

equations (10-12). At the same time, based on the equations (10-12), it is possible 

to calculate the downward trend of pollutants in the cleaning process. 

 

 

4.3.2. Water quality analyses 

 

Sampling and physical-chemical, microbiological analysis were determined 

by standard procedures that assess water quality. The list of the analyzed physical-

chemical and biological elements for the lake and sewage water flowing into the 

lake is given in Table 4.1. In Table 4.2 we list the methods used for determining 

physical-chemical analyses of water. Sampling analyses were carried out within 

laboratories in Baku. 
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Table 4.1. The list of the analyzed physical-chemical and biological elements for the 

lake and sewage water flowing into the lake 

 

Physicochemical parameters pH, transparency Secchi (cm), total suspended solids 

(mg/l), salinity (mg/l), dissolved O2 (mgO2/l), Nitric 

nitrogen (mg NO3/l), nitrous nitrogen (mg NO2/l), 

ammonium nitrogen (mg NH4/l), total phosphorus (mg 

P/l), total hydrocarbons (mg/l), total phosphate (mg 

PO43-/l), silicon (mg Si/l), BOD and COD (mg O2 /l) 

Eutrophication indicators chlorophyll a (mg/l) 

Microbiological parameters fecal coliforms (No/100 ml), total coliforms (No/100 

ml) 

Inorganic contaminants   arsenic (μg As/l), mercury (μg Hg/l), cadmium (μg/ 

Cd/l), copper (μg Cu/l), cobalt (μg Co/l),  lead (μg Pb/l), 

nickel (μg Ni/l), zinc (μg Zn /l) 
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Table 4.2. The list of methods used for determining physical-chemical analyses 

 
№  Analyses  Method  

1  pH  EPA 150.1 Advanced pH meter 850055  

2  Transparency  Secchi disk 

3  Total suspended solids  EPA 160.2  

4  Salinity  Water quality meter  

5  Dissolved oxygen  EPA  410.1  

6  Nitrous nitrogen NO3  GOST 18826-73  

7  Nitric nitrogen NO2  GOST 4192-82  

8  Ammonium nitrogen NH4  GOST  4192-82  

9  Total phosphorus P  Atomic absorption spectrophotometer ZEEnit 700P  

10  Total hydrocarbons by extraction  EPA  1664a  

11  Total phosphate PO4  EPA 365.2 ГОСТ 1067.1-74  

12  Silicon Si  ASTM D5184 - 12  

 Atomic absorption spectrophotometer ZEEnit 700P  

13  BOD  EPA  405.1  

14  COD  EPA  410.1  

12  Chlorophyll a  GOST 17.1.4.02.-90  

13  Faecal coliforms  MYK4.2.1884-04  

14  Total coliforms  MYK4.2.1884-04  

15  Arsenic As  ASTM D2972 – 08 Atomic absorption spectrophotometer ZEEnit 700P  

16  Mercury Hg  ASTM D3223 - 12 Atomic absorption spectrophotometer ZEEnit 700P  

17  Cadmium Cd  ASTM D3557 – 12 Atomic absorption spectrophotometer ZEEnit 700P  

18  Copper Cu  ASTM D1688 - 12 Atomic absorption spectrophotometer ZEEnit 700P  

19  Cobalt Co  ASTM D3558 - 08 Atomic absorption spectrophotometer ZEEnit 700P  

20  Lead Pb  ASTM D3559 - 08 Atomic absorption spectrophotometer ZEEnit 700P  

21  Nickel Ni  ASTM D1886 - 08 Atomic absorption spectrophotometer ZEEnit 700P  

22  Zinc Zn  ASTM D1691 – 12 Atomic absorption spectrophotometer ZEEnit 700P  

23   PAH  EPA 8270D    

24  TPH   İSO 9377-2  

25  BTEX  İSO 11423-2  
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The total pollutant loads in Khojasan Lake were calculated as a product of volumetric 

water discharges and concentrations of given pollutants. There are 11 industrial and 

municipal wastewater flows, 16 lake water samples from 4 points, and 110 water samples 

(monthly, 10 samples each time) from 11 wastewater discharge places were taken and 

analyzed. Water and wastewater quality indicators include physiochemical and 

microbiological parameters and inorganic contaminants.  

 

 

4.4. Results 

 

4.4.1. Lake water budget  

 

The total monthly natural water input is given in Figure 4.2. According to our 

calculations, in January of 2018 0.14 m3/s of water out of 0.41 m3/s were natural runoffs, 

while 0.27 m3/s or 68% was wastewater that flowed from residential areas. In February, 

March, and June the portion of wastewater in total, was the input of 58%, 61% and 91% 

respectively. During the dry summer months wastewater generally comprises nearly of all 

the water input (Figure 4.3).  
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Figure 4.2. Water balance diagram of the lake Khojasan for January 2017 that 

shows inputs and outputs in m3/s 
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Figure 4.3. Average monthly water input to the lake (1990-2018) 

 

 
 

Monthly multi-year evaporation values from the lake surface changes from 30 mm 

in January to 320 mm in August. Figure 4.4 shows monthly evaporation values for the 

period of 1990-2018. According to recorded observations, the multiyear (1990-2018) 

evaporation rate from the water surface in the area reached approximately 1827 mm. 

Additionally, Figure 4.5 identifies the outflow from Khojasan Lake into the downstream 

wetland.  
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Figure 4.4. Monthly average multiyear evaporation from the Khojasan lake surface 

(1990-2018) 
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Figure 4.5. Lake-wetland system 

 

 
 

 

 

The information about the outflow discharges measured is included in Table 4.3. 

Lastly, the assessment of the water balance model confirms that the average residence time 

in Khojasan Lake is nearly 120 days.  
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Table 4.3. Water budget of the lake Khojasan for selected months 

 
Water balance component Water budget for selected months 

January, 2019 February, 2019 July, 2019 November 2019 

Direct natural inflow, m3/s 0.14 

 

0.12 

 

0.02 

 

0.16 

 

Wastewater inflow, m3/s 0.27 

 

0.26 

 

0.23 

 

0.29 

 

Precipitation to lake surface, 

m3/s 

0.025 

 

0.023 

 

0.001 

 

0.031 

 

Groundwater leak, m3/s 0.053 

 

0.042 

 

0.047 0.032 

Evaporation from the lake 

surface, mm (m3/s) 

0.012 0.011 0.038 0.014s 

Outflow, m3/s 0.37 0.35 0.28 0.49 

 

 

4.4.2 Water quality 

 

The final results showed that pH levels tend to be alkaline in the range of 7,7-8,0. 

Khojasan Lake’s salinity changes from 1647 mg/l to 1977 mg/l. In the northern region 

salinity is slightly lower and consists of 1647 mg/l, while in the southern area salinity is 

equal to 1920 mg/l.  

Around 80% of the wastewater discharged into Khojasan Lake, is household and 

industrial wastewater discharge. The total amount of coliform in wastewater are 

somewhere in the range of 680-2240. Fecal coliform changes are within the 160-1000 

range. Moreover, the transparency of the southern part of the lake changes from 16,6 cm 

to 21,6 cm.  
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The total yearly nutrient loads flowing into Khojasan Lake is 942 kg of Phosphorus 

(P) and 12 345 kg of Nitrogen (N). The main sources of Phosphorus and Nitrogen in the 

wastewater that enter into the lake flows through 11 inflows.  

The concentration of nitrites in the lake changes from 0.05 mg/l to 0.11 mg/l. This 

is because surface water flowing into the lake is of household origin (80 %). Coliform total 

amount in the lake’s surface water changes in the range of 72-142 mg/l, and the fecal 

coliform changes in the range of 21-24 mg/l. Lastly, the amount of petroleum products in 

sediments range from 960 to 3100 mg/kg (0,09-0,3%) originated from small size oil wells 

located in the lake watershed. Furthermore, water which contains petroleum products, 

originated from the oil wells, is mixed with wastewater and flows into Khojasan Lake.       

Concentrations of heavy metals in the surface waters are shown in Table 4.4. 

Arsenic and cadmium concentration levels in the samples ranged between 0,029-0,032 

mg/l, and lead concentrations changes between 0,034-0,045 mg/l. National threshold 

values for both arsenic and lead is 0,01 mg/l. Iron concentrations were 1,1 mg/l, while the 

national threshold value for this metal is 0,05 mg/l. Concentrations of other heavy metals 

were lower than threshold values. 
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Table 4.4. Concentrations of heavy metals in a lake water 

 
 Targeted Concentration, 

mg/l 

Accepted standard (Azerbaijan Maximum 

allowable concentration), mg/l 

Arsenic 0,79 0.010 

Barium 6,9 mg/l 2 

Cadmium 0,31 mg/l 0,005 

Chromium (total) 3,1 mg/l 0.1 

Copper 0,005 0.01 

Iron 0,25 mg/l 0.3 

Lead 0,51 mg/l 0.015 

Mercury 0,021 mg/l 0.002 

Nickel 0,01 mg/l 0,01 

Zinc 0,01 mg/l 0,01 

 

Lastly, chlorophyll levels in the northern region of the lake is very high, ranging 

from 45,3 to 69,9 μg/l. In the southern region the chlorophyll levels reduce in range 

between 17,2-34,5 μg/l. The same pattern is observed for total phosphorus levels, which 

vary between 5,51-5,56 mg/l and 1,11-2,54 mg/l respectively. According to Secchi disk 

measurements, transparency in the lake water is very low. The transparency in Khojasan 

Lake in the southern region, varies from 16,6 cm to 21,6 cm, while in the northern region 

the transparency values range from 12,1 cm to 17,3 cm. The physical-chemical properties 

of wastewater are shown in Table 4.5. 
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     Table 4.5. Physical-chemical properties of wastewater 

 
Physicochemical parameters  Unit Sample 1 Sample 2 Sample 3 Sample 4 

 pH  - 7,2 6,05 6,51 7,15 

 total suspended solids   mg/l 479 274 1548 435 

 salinity   mg/l 1560 927 825 721 

  dissolved O2   mg/l 4,0 0,7 0,6 1,4 

  nitric nitrogen (NO3)  mg/l 0,38 0,22 0,05 4,04 

  nitrous nitrogen (NO2)  mg/l 0,08 0,14 0,02 0,97 

  ammonium nitrogen (NH4)  mg/l 4,938 1,98 0,98 1,86 

  total phosphate (PO4³¯)  mg/l 0,07 0,04 0,01 0,53 

  BOD   mg/l 76 48 27 19 

  COD  mg/l 68 79 46 36 

Inorganic contaminants       

total phosphorus (P)  µg/l 12,32 11,52 18,65 11,24 

 silicon (Si)  µg/l 0,15 0,18 0,11 0,17 

  arsenic (As)  µg/l 2,63 3,35 2,14 1,36 

  mercury (Hg)  µg/l 7,72 4,65 2,69 1,59 

  cadmium (Cd)  µg/l 8,09 8,74 9,05 7,94 

  copper (Cu)  µg/l 3,48 3,79 2.00 3,08 

  cobalt (Co)  µg/l 0,78 0,48 0,65 0,78 

  lead (Pb)  µg/l 3,64 3,11 5,05 4,62 

  nickel (Ni)  µg/l 0,55 0,87 0,59 0,97 

  zinc (Zn)  µg/l 0,64 3,89 7,61 5,67 

 

 

4.5. Discussion  

 

According to our proposed integrated lake management (ILM) model, wastewater will 

be treated and discharged into Khojasan Lake. The wastewater will then be discharged into 

the wetland below the lake to establish a long-term rehabilitation of the surface water and 

the downstream wetland. The assessment of the water balance confirms that average 
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residence time in Khojasan Lake is 120 days. This means that replacing wastewater with 

treated water can help clean and fully rehabilitate the lake in a short period of time. 

According to equations (11) and (12) rapid reduction of pollution levels and full restoration 

of the lake will occur in 526 days (see Table 4.6).  

 

Table 4.6. Decay of pollutant concentrations of the lake, after cessation of pollution 
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Arsenic  0,79 2458 4.7 0,65 2317 0,27 1705 0.00 1.48 

Barium  6,9  21466 40.8 5,1  20242 2,3  14887 0.00 12.9 

Cadmium  0,31 9645 18.3 0,27 9095 0,11 6689 0.00 5.8 

Chromium 3,1 16 0.03 3,0 15.9 1,7 11.1 0.00 0.01 

Copper  0,005  778 1.5 0,004  

 

733 

 

0,002  539.5 0.00 0.47 

Iron  0,25 1587 3.0 0,21 1496 0,12 1100 0.00 0 

Lead  0,51  65 0.12 0,49  61 0,28  45.08 0.00 0.95 

Mercury  0,021  31 0.06 0,012  29 0,06  21.5 0.00 0.04 

Nickel  0,01  31 0.06 0,01  29 0,01  21.5 0.00 0.02 

Zinc  0,01  31 0.06 0,01  29 0,01  21.5 0.00 0.02 

 

This period of restoration time may be notably prolonged by mixing the bottom 

sediments with lake water. However, it is believed that the constant supply of clean water 

to the lake will eventually lead to the gradual cleaning of the bottom sediments of Khojasan 

Lake. Additionally, our ILM model does not provide the direct removal and treatment of 

bottom sediments. Removal of the bottom sediments may cause the surface water to 
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become very polluted in a short period of time and degrade the already vulnerable 

ecosystem. 

In 2019, the Azerbaijani water company, Azersu, began to build a new wastewater 

system in attempt to eliminate the polluted wastewater from Khojasan Lake’s watershed. 

At first glance, cutting all of the wastewater input was considered the best solution to 

reduce pollution levels in the surface water. However, in our ILM model the water balance 

calculations confirm that a total wastewater inflow comprises of 60-90% of the total water 

input into the surface water. This is an issue because it will reduce inflows to the lake and 

will continue evaporation from the surface, driving the mineralization (e.g., salinity) of the 

surface water to gradually increase. This would raise the Biological Oxygen Demand 

(BOD) level and intensify eutrophication of the lake making Khojasan Lake a lifeless body 

of water. The results of this, alludes to the fact that any inaccurate management may lead 

to unexpected consequences, which are explained in Table 4.7. 
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Table 4.7. Possible scenarios of lake water inflow management 

 

# Actions Consequences Projected value 

Scenario 1 Cutting of all inflows and 

re-direction them into the 

centralized sewage system 

of Baku. 

Reduced lake level, volume and area 

makes Khojasan lake a closed lake with 

no outflow. Increase of salinity and 

mineralization. Reduced level and 

volume of downstream lakes. Frequent 

level fluctuations.  Changes in 

hydrological regime. Changes in 

ecosystems.  

Reduced ecosystem 

services. Reduced 

recreational importance. 

Reduced values. Reduced 

property prices around the 

lake. Full drying of 

downstream Gu lake 

Scenario 2 

(Integrated 

Lake-

wetland 

Model) 

Constructions of new 

water treatment station 

around the lake. Treatment 

of wastewaters and 

direction to the lake. 

More water input to the lake and more 

outflow. Stable lake level. Reduced 

eutrophication. Improved hydrological 

regime and ecological regime.  

Increased ecosystem 

services. Increased 

recreational importance. 

Increased values. Increased 

property prices around the 

lake. 

Scenario 3 

(Business 

as usual) 

Current situation remains. 

No interventions are 

made. 

Stable lake level, increased pollution, 

increased eutrophication, worsened 

ecological regime, worsened 

environmental situation.  

Reduced ecosystem 

services. Reduced 

recreational importance. 

Reduced values. Reduced 

land prices around the lake. 

Increased health risks. 

 

 

According to scenario 1 (cutting off all wastewater inflows and redirecting them 

into the centralized sewage system of the capital, Baku, will result in fatal consequences 

for Khojasan Lake’s hydrology and ecology. Restriction of all inflows will cut the lake 

outflow as well, making Khojasan Lake a closed system. This will result in a reduced 

ecosystem and recreational importance. Reducing the inflows may have some negative 

consequences in the downstream wetland as well, which may fully dry up as a result of 

inflow cuts. According to scenario 2, construction of a new water treatment plant is 

suggested. After the proper treatment, all wastewater and rainwater can be directed into 

Khojasan Lake. This approach is intended to improve the hydrological regime of the 
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surface water, while simultaneously improving the ecosystem and environmental values of 

the lake.  

Our proposed equations suggest that the process of cleaning the surface water can 

be accelerated. The polluted water will be replaced by the inflow of the treated water 

flowing into the lake. Looking toward the near future, Azerbaijan’s urban expansion will 

continue, which will directly affect the increase of water-inflow of the treated wastewater 

in Khojasan Lake, and in turn, will accelerate its recovery pollutant build up. 

According to scenario 2 it is also possible to separate stormwater from wastewater. 

The stormwater system separates the rain and sewage water flows, which enables rainwater 

release directly to Khojasan Lake. Scenario 3, as a basic business-as-usual scenario, 

suggests that the current situation around the lake will remain. Taking into account our 

integrated lake management (ILM) model the local company, Azersu Water, agreed to 

apply our model by building a water treatment plant at the location we identified.  

Table 4.7 shows that future water budget will be strongly affected by management 

decisions and good governance regarding recreational use, fishing, and tourism. 

Respectively, a functioning institutional setup will most likely play a key role in sustainable 

management of Khojasan Lake.  

Our model supports the practice of implementing a wastewater management 

approach as demonstrated within scenario 2. According to scenario 2, treated wastewater 

and stormwater input into the lake will be increased, resulting in an accelerated cleanup. 
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Also, we observed in our tested scenarios excess water can be redirected into the wetland 

located downstream.  

In order to keep water levels in Khojasan Lake stable, it is essential to implement 

correct regulation of the outflow through gateway. This gateway includes a meter that will 

monitor the water level regularly. Additionally, activities involving deep drilling or digging 

around the south areas of the lake will increase groundwater outflow as well.  

 

 

4.6. Conclusion 

 

      In this study we proposed an integrated lake management (ILM) model to restore 

Khojasan Lake located in Azerbaijan’s capital, Baku. The results of our model showed that 

we can successfully eliminate pollutant levels through the treatment of treated wastewater 

flowing into the upper section of Khojasan Lake.  

In this study, we explored the possibility of rehabilitating lakes in urban areas 

without costly intervention, because remediation programs are generally expensive and 

challenging to successfully conduct in LMICs. For this purpose, we consider Khojasan 

Lake, located in Azerbaijan’s capital, Baku, because of the long-term influx of domestic 

and industrial pollutants impacting the quality of its surface water and previous 

implemented projects failing to remedy the pollutant levels.  

Our results confirmed that active intervention measures are not required for 

rehabilitation in open lakes of an urban areas because our developed model demonstrates 

that stopping the flow of pollutants into the lake will lead to the gradual recovery of the 

lake from wastewater. Additionally, our results suggest that if wastewater is treated and 

transported into Khojasan Lake, increased urbanization may accelerate the process of 
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cleaning the surface water. Thus, the treated water entering Khojasan Lake will gradually 

remove the pollutants while flowing downstream.  

Our ILM model does not provide treatment of the contaminated bottom sediments, 

because when the bottom sediments are cleaned, the water quality of Khojasan Lake 

becomes extremely polluted, which has a negative impact on the existing ecosystem. 

Lastly, our ILM model demonstrates that the areas surrounding the surface water become 

more urbanized, since the amount of treated water entering Khojasan Lake will increase 

because the treated water will gradually remove pollutants that will transfer into the 

wetland flowing southward. To expand among our ILM model we suggest future studies 

to consider the impact of treated urban water systems, specifically on the eutrophication 

process in urban lakes.  

 

 

Data availabiliy statement 

The data that support the findings of this study are available on request from the 

corresponding author. 
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Chapter 5. Geospatial Dynamics of Forecasting Ethnic Conflict in Kyrgyzstan 

Abstract 

 

Identifying and understanding the causes of ethnic conflicts in low-income countries 

(LICs) is challenging. Research has yet to predict ethnic conflict from a geospatial and 

ethnographic approach. Thus, in this study I ask: Can the multi-criteria evaluation (MCE) 

method help predict ethnic conflict in a data scarce LIC such as Kyrgyzstan? In this study, I use 

the Climate-Migration-Conflict Nexus (CMCN) framework to identify factors that influence 

ethnic conflict in Kyrgyzstan. I explored the use of spatial analysis and MCE, specifically the 

analytic hierarchy process (AHP), to incorporate the various types of human-environmental 

datasets into a series of intermediary maps which are then overlaid to create a final map of 

regions that are the most susceptible to ethnic conflicts. Finally, I conducted a sensitivity 

analysis to test the weights and preferences assigned to the stability of each factor in the priority 

ranking. Overall, this study shows that the complexity of ethnic conflicts may be better 

understood from both a qualitative and quantitative approach through spatial data within MCE 

model. This work fills the gaps of important information on understudied low-income countries 

affected by ethnic conflict events.  

Keywords: Ethnic conflicts, multi-criteria evaluation (MCE), Climate-migration-conflict nexus 

(CMCN), Kyrgyzstan, low-income countries (LICs), Analytic hierarchy process (AHP)  

Note: This chapter is written solely by Chelsea L. Cervantes de Blois and has received multiple awards in the following 

competitions: Best Poster Award at the Population Association of America (PAA) in 2019. It has also been awarded 1st place at 

the Annual American Association of Geographers (AAG)’s Cartography Specialty Group for the Illustrated Paper Competition 

in 2016 and it has won the Best Student Paper from the AAG Eurasian Specialty group in 2020. 
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5.1. Introduction 

Ethnic conflict is a worldwide issue, but its effects are felt especially in lower-

income countries (LICs). The general question of “What causes conflict?” has resulted in 

efforts to identify specific geographical regions that are more prone to conflict. These 

efforts are especially important for aid organizations that invest millions of dollars to 

support LICs in agricultural, communal, and sustainable development projects. They are 

also important for humanitarian aid organizations that have traditionally focused on 

natural disasters and famine rather than ethnic conflict (Hostetter 2019). Since ethnic 

conflict often results in situations that call for humanitarian aid, organizations need to 

increasingly focus on anticipatory action. Being able to predict ethnic conflict would 

allow aid organizations to preempt or plan aid distribution. 

Driven by the need to understand conflict in general, and ethnic conflict, 

governmental and intergovernmental organizations have, for decades, invested in conflict 

early warning (CEW) forecasting. Although conflict is context-specific, the accuracy of 

CEW forecasting might be improved if the policy community had a common 

understanding of variables and indicators that tend to spark violent conflict events 

(Clarke 2005). CEW efforts use a variety of data sources and models to predict such 

conflicts. For example, the Stockholm International Peace Research Institute (SIPRI) 

identified 1,260 potential indicators1 that can be divided into nine main indicator 

categories (Table 5.1) and thirty-five subcategories (Hagmeyer-Gaverus & Weissmann 

2003).  

 
 

1 SIPRI webpage: https://www.sipri.org/ 

https://www.sipri.org/
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Table 5.1. SIPRI categories of conflict indicators  

 

Justice and human rights 

Socio-cultural factors 

Internal security setting 

Geopolitical setting 

Military and security 

Environment and resources management  

Governance and Political Stability  

Socio-economic factors 

Regional and Country-Specific factors 

 

 Clarke (2005) provided a similar categorization of indicators (Table 5.2). These 

indicators support the idea that conflict is not unidirectional but instead a potentially 

complex system of triggers and outcomes, which means that making a standard template 

is challenging. 

Table 5.2. Short and long-term indicators of conflict (from Clarke 2005) 

 

Categories Short term Long term 

Human rights & civil liberties X  

Behavior of actors X  

Socio-economic conditions  X 

State conditions  X 

Regional/International dimensions X X 

Security X X 

Public discourse X X 

Ideological factors X X 

 

Conflict early warning for LICs is vitally important but difficult in terms of data, 

methods, and theories. At the conceptual level, the relative importance of conflict 

indicators will vary according to the context of the region, country, and even sub-national 

level, which makes it necessary to carefully combine and balance factors (Clarke 2005; 
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Nyheim et al. 2001; van de Goor & Verstegen 2000).  

Moreover, CEWs are often based on researchers’ limited understanding of the 

structural and cultural differences between ethnic groups (van Walraven 1998). CEWs do 

not account for the specific geographic location of ethnic groups' settlements or the 

reasons certain groups settle in certain places. According to van Walraven (1998), the 

bias of the researcher has positioned CEWs to historically produce incomplete 

information particularly regarding ethnic conflict.  

Developing forecasts is complex, and more research is needed on the conceptual, 

methodological, and data underpinnings of conflict. In addition to a country-specific 

focus within the approach, a need exists for an effective method that can be easily applied 

to different types of data that may be limited or incomplete. In this context, a CEW 

forecasting tool specifically for ethnic conflict would be useful. This study offers new 

data, methods, and theories to support the development of such a CEW, especially 

considering the challenges of understanding ethnic conflict in LICs.  

In conceptual terms, this work adapts the Climate-Migration-Conflict Nexus 

(CMCN) framework (Burrows & Kinney 2016) to illuminate key factors in conflict. I 

translate the CMCN into a methodology centered on the use of spatial analysis, and 

multi-criteria evaluation (MCE) is a fundamental step of the rational decision-making 

process. MCE has been used by urban planners, geographers, economists, and others for 

decades to decide which geographic space is preferred or needs to be prioritized. It also 

allows for evaluating and balancing numerous potentially conflicting criteria 

(Malczewski 1999) MCE, when applied with geographic information systems (GIS), 

determines sites that suit a specific objective on the basis of a variety of attributes. The 
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purpose of evaluation is to gain reliable information on both the strengths and 

weaknesses to best incorporate the utility of each input (i.e., combine qualitative and 

quantitative data) to identify the spatial nature of phenomena—in this case, areas that are 

most prone to experience ethnic conflict. 

In this study I use the analytic hierarchy process (AHP) approach to perform 

MCE because its purpose is to optimize decision making when both qualitative and 

quantitative factors are considered. AHP is commonly used for MCE studies because it is 

a tool for formulating and analyzing decisions, which can be used for ranking alternatives 

of inputted factors and when estimating the weights through pair-wise comparisons 

(Ramanathan 2006; Saaty 1988; Velasquez & Hester 2013). This study uses AHP to 

determine the weight for each criterion and employs a range of data sources to overcome 

another problem faced in studying LICs: the limitations of data on human-environment 

systems. Using Kyrgyzstan as an example, the goal of this article is to answer the 

question: Can multi-criteria evaluation (MCE) help predict ethnic conflict in a data 

scarce LIC such as Kyrgyzstan? 

With the goal of forecasting ethnic conflict,  I first outline existing scholarship on 

ethnic conflict in low-income countries (LICs) and describe the Climate-Migration-

Conflict Nexus (CMCN) framework to understand conflict. I then discuss how 

Kyrgyzstan is the ideal case study site to apply the CMCN framework to study 

susceptibility to ethnic conflict in a data limited LIC. I then describe how the multicriteria 

evaluation (MCE) method using the analytical hierarchical approach (AHP) can translate 

CMCN into data and maps in order to develop the final map that illustrates the region 

most susceptible to experience ethnic conflict in Kyrgyzstan. I perform a sensitivity 
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analysis of the assigned weights to each factor to test the stability of the ranking order. 

Lastly, I end with a discussion and suggestions for future research. This approach offers 

an improved way to predict ethnic conflict within a specific region, especially within a 

data limited LIC2.  

5.1.1. The Climate-Migration-Conflict Nexus (CMCN) and Understanding Ethnic 

Conflict in Lower-Income Countries (LICs) 

 

Understanding ethnic conflict in LICs can take various approaches. Some work 

focuses on socioeconomic factors including social categorization of class status 

(Crawford & Lipschutz 1998). Another economic-centered approach investigates 

unemployment (Stavenhagen & Stavenhagen 1996) or economic policies and growth 

(Stewart 2002). Additionally, there is scholarship that focuses on the frailty and failure of 

national and local governments (Bardhan 1997; Kruse et al. 2018; Majid et al. 2020). 

Finally, there is emerging consensus around the need to examine conflict in conjunction 

with climate and migration, which Burrows & Kinney (2016) and Reuveny (2007) 

suggest are connected and cannot be well-understood while isolated. Moreover, most 

research focused on ethnic conflict in LICs stems from economic models and 

developmental theories. Such research includes economists’ efforts to connect ethnic 

diversity to an important economic phenomenon such as growth, investment, and quality 

of government that results in an ethnic conflict (Easterly & Levine 1997; La Porta et al. 

1999; Alesina et al. 2003). Beyond economic factors, researchers need to increasingly 

 
 

2 Note that this work is meant as a complement to — not a replacement for — predictive or explanatory 

modeling. MCE offers a way to order data and knowledge and explore ‘what ifs’ scenarios by translating 

expert knowledge into specific weightings of factors that are important in helping understand conflict. 
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consider environmental and cultural factors. A framework that is helpful in this context is 

the Climate-Migration-Conflict Nexus (CMCN) that is used to guide the work described 

in this study. 

The CMCN by Burrows & Kinney (2016) is a complex, multivariable framework 

intended to identify the intersections of climate variability, migration, and conflict. The 

CMCN framework considers chronic environmental changes or climate shocks, 

management and allotment of natural resources, and the history of regional conflict. I use 

the CMCN framework since there is no single accepted conceptual framework for 

understanding the connections linking migration, climate, and conflict (Gilmore 2017; 

Ide 2015; Ide et al. 2014; Ide & Scheffran, 2014; Okpara 2016; Theisen 2017; van Baalen 

& Mobjörk 2018). Furthermore, the CMCN offers a way to understand linkages between 

migration and conflict, including ethnic conflict, at the sub-regional level within LICs 

(Burrows & Kinney 2016; Raleigh et al. 2008).  

Burrows & Kinney (2016) identify five key factors (see Figure 5.1) in a region’s 

susceptibility to conflict and suggest future research to examine the following: 1) local 

climate risks, 2) potential for resource scarcity, 3) economic feasibility of migration, 4) 

local stabilizing or destabilizing political factors, and 5) history of regional conflict. 

The CMCN framework, with its key factors for LICs, asks governing bodies to 

consider human-environmental challenges as a threat to national and international 

security (Catarious et al. 2007). The CMCN highlights the role of climate and 

environment, which has sparked a conversation among policymakers and in the media 

(Catarious et al. 2007; Black et al. 2008; Gössling et al. 2010; Werz & Reed 2014).  
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Overall, the CMCN framework establishes five key factors (see Figure 5.1 below) 

that aid in understanding how ethnic conflict can arise. From these factors one can draw 

conclusions to the key predictor variables that can be used to examine conflict in addition 

to data on environmental factors, regional demographic characteristics, and historical 

ethnic conflict events in the country. 

Figure 5.1. Climate-Migration-Conflict Nexus (CMCN) 
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5.1.2. Challenges of implementing CEW and CMCN in data-scarce environments 

  

In addition to ongoing conversations around the conceptual basis for 

understanding conflict, there are data challenges. In LICs, environmental and population 

datasets have either been unavailable or are incomplete, making it difficult to perform 

analysis on the nature and causes of conflict (Jensen 2012). In LICs, these data are often 

not available, and these countries are therefore overlooked and not researched 

(Bezuidenhout & Chakauya 2018; Saif-Ur-Rahman et al. 2019). This is the case for post-

Soviet nations, in that they have a long history of ethnic tensions and conflict that are the 

subject of scholarly debates focused on national identities and consequences.  However, 

these studies have rarely focused on the geographic location of ethnic conflict, and why 

and where it will occur. There is also a relative lack of fieldwork in post-Soviet republics 

conducted with communities that have experienced repeated ethnic conflict. 

This study addresses the challenges of predicting ethnic conflict with minimal or  

no data, in part, by applying CMCN to help identify regional factors that should be 

considered when conducting a spatial analysis of ethnic conflict in an LIC. In addition to 

using the CMCN conceptual framework, this study focuses on data issues by using MCE 

to predict where in Kyrgyzstan ethnic conflict will occur. MCE is an effective technique 

for spatial decision-making when integrated with GIS, because it allows the inclusion of 

expert judgement to help offset data issues or to combine qualitative and quantitative 

data. MCE offers a way to support the analysis, modeling, depiction, management, 

manipulation, and display of geographic data in data-poor environments (Ayoade 2017). 
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MCE therefore offers one way to navigate a data-poor environment like that of 

Kyrgyzstan. 

5.2. Methodology  

What follows is the research design for using the multi-criteria evaluation (MCE) 

method with the analytical hierarchy process (AHP) to rank the factors determined by the 

CMCN framework.  

The aim of this study is to employ Multi-Criteria Evaluation (MCE) to identify 

areas of potential ethnic conflict in the LIC case study, Kyrgyzstan, using expert 

knowledge and in-country fieldwork observations. The value of using MCE for this study 

is the ability to combine population, conflict, and environmental data, which is ranked on 

level of importance based on stakeholder interviews with local ethnic farmers and using 

the CMCN guidance in conjunction with fieldwork, to conduct rational decision making 

when incorporating multiple datasets and fieldwork through quantitative and qualitative 

approaches. MCE allows room to determine the level of relevance of each factor (Tables 

5.4 and 5.6) included in this study. 

Within MCE, the AHP approach is used for decision formulation and analysis 

(Saaty 1990). The application of AHP has been applied to a diverse array of problems 

such as determining systematic layout planning (Yang et al. 2000), managing and 

reducing vulnerability of communities from natural disasters (Chen et al. 2015; Orencio 

& Fujii 2013), and for energy management improvement (Jovanović et al. 2015). The 

AHP is considered for this study as the prioritization tool because it considers the 

subjectivity of the decision-making process (van de Water & de Vries, 2006). When 
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using Saaty (1988) nine-point scale, the AHP method establishes a balance between 

quantitative and qualitative factors by using a pairwise comparison matrix. Although 

some studies have used another prioritization tool, such as the Technique of Order 

Preference Similarity to the Ideal Solution (TOPSIS), it is not as favorable compared to 

AHP because TOPSIS depends on the AHP approach to compute the weights for each 

factor. Thus, it would be counterproductive to apply the TOPSIS for this study. The AHP 

method is applied given the need in this study to create a comparison matrix to compute 

the weight of the listed factors (see Table 5.7).  

The research design falls into three parts, each of which has several sub-steps. 

The first part requires collecting the demographic and environmental data on the 

locations of conflict between ethnic Uzbek and Kyrgyz populations (communities in the 

southwestern part of Kyrgyzstan that has a history of ethnic tensions). I use the CMCN 

framework based on interviews with stakeholders (i.e., ethnic Uzbek and Kyrgyz 

farmers) to determine the weight of each factor. The second part uses spatial analysis 

methods to convert these data into intermediary maps, including transforming 

demographic data into raster (gridded) maps in order to create overlaid maps. Then I use 

these intermediary maps to create factor maps. The third part combines these factor maps 

using MCE and AHP and weighted linear combination to create a final map that predicts 

which regions are most susceptible to ethnic conflict (Figure 5.18).  
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The following steps, in this order, were taken to produce the final map, Figure 18. 

Step 1: Justified the motivation and gap in the literature review.   

Step 2: Illustrated why the CMCN is used to model where ethnic conflict will 

occur. 

Step 3: Explained why Kyrgyzstan is the most appropriate LIC for this study. 

Step 4: Collected and organized the relevant data to perform this study. 

Step 5: Described the process of taking the categorized data into producing the 

intermediary and factor maps  

Step 6: Performed the Analytical Hierarchy Process (AHP) within the Multi-

Criteria Evaluation (MCE) method to produce the final map. 

 

Following the production of the final map, the next steps were to conduct a 

sensitivity analysis and ending with a discussion around the results and a conclusion. 

5.2.1 Case Study: Background & climate, migration, and conflict in Kyrgyzstan 

 

Kyrgyzstan is a former Soviet country in Central Asia with seven sub-national 

regions (see Figure 5.2). After the collapse of the Soviet Union, Kyrgyzstan’s economy 

transitioned from the Russian/Soviet Marxist-Leninist orthodoxy to a more western 

capitalist model and has been challenged by the impacts of climate change, migration, 

and ethnic conflict. Kyrgyzstan is a landlocked country located between the Tien Shan 

and the Pamirs mountains. It has a total population of approximately six million people 

(WHO 2016), and the majority of the population lives in the foothills of the mountains, 

which makes them most vulnerable to climate hazards such as landslides, avalanches, 

flooding, heavy rains, hurricane-force winds, hail, and snowfall (Dyoulgerov et al. 2011; 

Merlo et al. 2010).  

Climate hazards in Kyrgyzstan deserve greater attention from researchers and 

policymakers because they affect both economic and agricultural production in 

https://www.who.int/countries/kgz/en/
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Kyrgyzstan3. Also, Kyrgyzstan is of great interest for researchers and policymakers 

because the country’s GDP is derived from climate and weather-sensitive activities. 

According to the Food and Agricultural Organization (FAO), climate change will affect 

Kyrgyzstan’s agricultural productivity due to decreased water supply, damaged 

ecosystems, and its population residing in the foothills and within limited arable lands 

(Tarazona 2016).  

The combination of population characteristics (e.g., migration flows and 

unemployment) and water scarcity adds to the challenges of sharing scarce resources. 

There are severe water shortages related to irrigation due to accelerated glacial melts 

within ethnically mixed communities near and around the Fergana Valley region4. 

Moreover, more than 85 percent of Kyrgyzstan’s arable land is irrigated (Oliker & 

Szayna, 2002) which adds to the communal stress of high unemployment and ethnic 

tensions in the region given that there is a que for farmers to access the village water 

source and limited on the amount they can use for their crops each week. The remainder 

of the land is mountains, glaciers, and a high-altitude steppe that is used for grazing. In 

Figure 5.2, the sub-national borders of each region are depicted. 

 
 

3 Specifically, the agricultural sector is by far the most important livelihood activity because it employs 

65% of the population and is one third of Kyrgyzstan’s GDP (Jeenbekov and Avanessov 2017) and at the 

same time it is the most risk-prone to natural disasters and climate change. This is due to the agricultural 

sector being unmechanized because smallholder farmers deal with unreliable precipitation, limited access 

to farm supplies, and oftentimes inadequate uses of fertilizers in already poor quality lands of sandy soils 

(United Nations 2014). 
4 Land use in Kyrgyzstan is a delicate issue within the southwestern region. The challenges experienced in 

the southwestern region is the overpopulation and high unemployment rate among ethnic Uzbeks and 

Kyrgyz communities. At the same 6.5 percent of Kyrgyzstan’s land surface is arable and 0.3 percent is 

plantable for permanent crops  (Library of Congress 2007; Bisig 2002). 

https://www.undp.org/content/dam/unct/kyrgyzstan/docs/Library/UNDAF%2018052017%20eng%20fin.pdf
http://www.lldc2conference.org/custom-content/uploads/2014/10/VulnerabilityReport.pdf
https://www.loc.gov/rr/frd/cs/profiles/Kyrgyzstan-new.pdf
http://www.oecd.org/countries/kyrgyzstan/35114534.pdf
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Figure 5.2.  Kyrgyz Republic (including sub-divisions) 

 

Research that connects climate change and hazards to migration and ethnic 

conflict is critical for Kyrgyzstan because it is a low-income and food deficient country, 

with 45% of the country being inhospitable to people (Food and Agriculture Policy 

Decision Analysis (FAPDA) 2018; Jepsen & Salman 2014). In addition, the total 

population is increasing, which exacerbates the ongoing desertification and worsens 

poverty and hunger (Sanchez Cantillo et al. 2018), particularly in rural areas, which make 

up about 66.3 percent of the total population of Kyrgyzstan (Chandonnet et al. 2016).  

Kyrgyzstan is also the most climate vulnerable region within Central Asia due to its 

frequent droughts, landslides, mudslides, floods, and river erosion (Bouzar et al. 2018; 

Jepsen & Salman 2014). The impact of climate change has reduced pasture productivity 

and water availability, which makes the already densely populated areas of ethnic Uzbeks 

and Kyrgyz more at odds with each other over limited natural resources (Bouzar et al., 

2018; Jepsen & Salman, 2014).  
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The majority of arable land in Kyrgyzstan is located within the southwestern 

region where previous ethnic outbreaks have occurred between ethnic Uzbeks and 

Kyrgyz communities (Commercio 2018). Climate changes in Kyrgyzstan are of great 

concern because they further exacerbates the issue of food security due to the 

communities’ rural livelihoods (Chandonnet et al. 2016; Jepsen & Salman 2014). 

Moreover, ethnic conflict in Kyrgyzstan has historically existed between Kyrgyz and 

Uzbeks in the Southwestern region of the country. The most recent string of conflicts 

began  in the 1990s and continued into the 2000s (Bisig 2002) with a particularly notable  

outbreak of ethnic violence in 2010 (Christopoulos 2016; Oliker & Szayna 2002).  

Overall, Kyrgyzstan makes for an excellent case study to test MCE method in 

order to better understand how ethnic conflict can be predicted because it is an LIC that 

has a history of violent ethnic conflict, has poor data on climate and migration, and is 

considered to be one of the most vulnerable to climate changes in Central Asia.5 Thus, 

Kyrgyzstan is the selected case study to test out MCE-GIS method because this method is 

a straightforward model that allows for both quantitative (e.g., raster images, national 

census data) and qualitative datasets (i.e., in-country fieldwork interviews).  

 

 
 

5 Specifics are found at UNICEF report for Kyrgyzstan found here: 

https://www.unicef.org/kyrgyzstan/press-releases/kyrgyzstan-one-most-vulnerable-countries-climate-

change-central-asia   

https://www.unicef.org/kyrgyzstan/press-releases/kyrgyzstan-one-most-vulnerable-countries-climate-change-central-asia
https://www.unicef.org/kyrgyzstan/press-releases/kyrgyzstan-one-most-vulnerable-countries-climate-change-central-asia
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Figure 5.3. Methodology: Data to final map

 

 

5.2.2 Data acquisition and processing  

The data used in this study was acquired from various sources (see Table 5.3).  An 

administrative boundary map with provincial limits of the study area was downloaded from 

IPUMS International as a GIS shapefile. The national census data in tabular format was converted 

into raster format within ArcGIS 10.7 software and translated from Russian into English. The 

ethnic group territorial distribution of Uzbeks and Kyrgyz (Weidmann et al. 2010) was converted 

from shapefile format into raster, in addition to Kyrgyzstan’s hydrology and recorded ethnic 

conflict events (Sundberg & Melander, 2013). The remaining data sources,6 Global Land Cover 

2000, Gridded Population of the World, annual precipitation, and temperature were used in raster 

format and reclassified before overlaying each data layer.  

 

 

 

 

 
 

6 Data was obtained from Open Street Map: https://data.humdata.org/dataset/hotosm_kgz_waterways 

https://data.humdata.org/dataset/hotosm_kgz_waterways
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Table 5.3 details each data source that was inputted into the multi-criteria evaluation 

(MCE) model and describes which datasets support the maps. For the sake of clarity, I describe 

the process of converting data to final factor maps in terms of several key intermediary maps 

(Figure 5.4) using the following factors: 

● Recorded ethnic conflict (Figure 5.5)  

● Ethnic group territorial distribution (Figure 5.6)  

● Hydrology and land cover (Figure 5.7) 

● Population density (Figure 5.8)  

● Annual precipitation and temperature (Figure 5.9) 

● Population characteristics (Figure 5.10) 
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Table 5.3. Data Sources and Use in Analysis 

 
Data Description Data Source Intermediary and Factor Maps 

Ethnic conflict events between 

Uzbek & Kyrgyz. Polygons: 

Recorded violence involving 

ethnic-Uzbeks or conflict 

induced by the Uzbek 

government within Kyrgyzstan 

borders (Polygon) 

Sundberg, R. and Melander E., 2013. 

“Introducing the UCNP 

Georeferenced Event Dataset”, 

Journal of Peace Research, vol. 50, 

no.4, 523-532. 

Intermediary Maps: Recorded Ethnic 

Conflict (Figure 5.5)  

 

Factor Maps: Previous Conflict Events 

(Figure 5.12) 

Ethnic proximity between 

Uzbeks and Kyrgyz. Territorial 

delineation of different ethnic 

groups within Kyrgyzstan 

(Polygon) 

Weidmann, Nils B., Jan Ketil Rød, 

and Lars-Erik Cederman. 2010. 

"Representing Ethnic Groups in 

Space: A New Dataset". Journal of 

Peace Research 47(4): 491–99. 

Intermediary Maps: Distance Between 

Ethnic Groups (Figure 5.6) 

 

Factor Maps: Ethnic Proximity (Figure 

5.13) 

Global Land Cover 2000. 

Raster: Land cover data of 

farmable land. 

(Raster) 

IPUMS Terra: https://terra.ipums.org/  

 

Intermediary Maps: Arable land (Figure 

5.7)  

 

Factor Maps: Natural Resource 

Competition (Figure 5.14) 

Hydrology of Kyrgyzstan. Main 

and smaller rivers, and lakes in 

Kyrgyzstan (Vector) 

United Nations Office for the 

Coordination of Humanitarian 

Affairs (OCHA)’s Humanitarian 

OpenStreetMap Team (HOT)  

https://data.humdata.org/dataset/hoto

sm_kgz_waterways 

Intermediary Maps: Main water sources 

(Figure 5.7)  

 

Final Map: Natural Resource 

Competition (Figure 5.14) 

 

Gridded Population of the World  

 

Population density  

(Raster) 

NASA’s Socioeconomic Data and 

Application Center (SEDAC)’s 

Gridded Population of the World: 

https://sedac.ciesin.columbia.edu/dat

a/set/gpw-v4-population-density-

rev11 

Intermediary Maps: Population Density 

(Figure 5.8) 

 

Factor Maps: Natural Resource 

Competition (Figure 5.14) 

Precipitation & temperature  

 

Bioclimate of annual 

precipitation (Raster) 

IPUMS Terra RasterImage/ Data 

TerraClip tool, to extract WorldClim 

raster  

https://terra.ipums.org/ 

 

Intermediary Maps: Climate: Annual 

Precipitation and Temperature (Figure 

5.9) 

 

Factor Maps: Climate Susceptibility 

(Figure 5.15) 

Kyrgyzstan's national census. 

 

Regional distribution of 

unemployment,  

marital status, and average 

population of regional ethnic 

groups 

(Tabular) 

National Statistical Committee of 

The Kyrgyz Republic  

http://www.stat.kg/en/   

Intermediary Maps: Population at Risk:  

Kyrgyzstan's national census (Figure 

5.10)   

 

Factor Maps: Population at Risk (Figure 

5.16) 

Internal migration  

 

Population arrival and departure 

migration at the sub-regional 

level at the intra-regional level 

(Tabular) 

2009-2013 Statistical Yearbook of 

the Kyrgyz Republic 

Factor Map: Net Migration (Figure 5.17) 

 



 

117 

 

Regarding empirical data, I conducted fieldwork in Kyrgyzstan to understand the 

current tensions between ethnic Uzbeks and Kyrgyz. I conducted a total of sixty 

interviews with both ethnic Uzbek and Kyrgyz farmers over a period of three months 

(June – August 2015) to collect information that was not available in the census and 

raster datasets. The interviewees were selected based on three criteria: (1) farmer who 

was actively growing crops for resale, (2) ethnic-Uzbek or Kyrgyz community member, 

and (3) the individual experienced conflict between ethnic Uzbeks and Kyrgyz. The 

interviews demonstrated that the history of ethnic tensions still have a significant impact 

on how the ethnic groups view each other. For example, ethnic Uzbek and Kyrgyz 

communities are required to share the limited farming equipment (e.g., one tracker for an 

entire village) and water sources for irrigation. However, most often favoritism by the 

village leader resulted in dictating which farmer had priority access over the other. Such 

delays in irrigating and harvesting led ethnic Uzbek and Kyrgyz farmers to resent each 

other and deepened already existing ethnic tensions. These stakeholder interviews were 

used to assign weights to each factor that had been selected based on the CMCN 

framework and then inserted into MCE model to overlay the datasets and create the final 

map.  
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Examples of in-country interview questions used to spur conversation on CMCN 

factors: 

 

(1) What factors trigger ethnic conflict? 

(2) How do you see the ethnic clashes impacting your agricultural production? 

(3) What climate events have occurred? 

(4) In what ways have climate shifts impacted your community and in what way? 

(5) Who has the authority to dictate water access for irrigation? 

(6) Does each village share farming equipment?  

(7) What natural resources are scare?  

(8) Who moves and why? 

(9) How have previous ethnic clashes impacted your community? 

 

5.3. Results  
 

5.3.1 Data to intermediary and factor maps  

I combined the raw datasets into maps that describe each selected factor that in turn were 

used to develop the final map (Figure 5.4). Each dataset has a spatial extent and resolution in 

either vector or raster formatting map. What follows describes each intermediary map (Figures 

5.5 – 5.10) created to generate the final map.  
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Figure 5.4. Methodology Flowchart 
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Ethnic Uzbek & Kyrgyz Ethnic Conflict (Figure 5.5) The ethnic conflict data 

between Uzbeks and Kyrgyz within Kyrgyzstan was obtained from the Uppsala’s 

Conflict Data Program (UCDP) Georeferenced Event Dataset (GED) Global version 

19.1. This dataset is UCDP’s most disaggregated dataset, which covers individual events 

of organized violence at a given time and place. The data has been fine-grained to be geo-

coded down to the level of individual villages, and in some cases to even individual days. 

The recorded conflict for Kyrgyzstan is categorized by UCDP’s codebook by two 

specific labels. The two columns extracted from the excel file are titled “conflict_name” 

and “dyad_name”.  According to the code book, dyad is the pair of two actors engaged in 

violence (in this case the one-sided violence, which is the perpetrator of violence and 

civilians) and the conflict_name is the name of the UCDP conflict to which the event 

belongs to. For this study when the conflict_name had the same identifying number as the 

dyad_name, both were included. The first type of recorded conflict event has the label, 

conflict_name as “Kyrgyz-Uzbek”, which is defined to be specific ethnic conflict events.  

The other type of recorded conflict is labeled “Government of Uzbekistan” which means 

that the Uzbekistan government created conflict within Kyrgyzstan’s borders, which is 

also important to (e.g., ethnic Uzbeks), but it is considered a separate type of conflict 

because of its coded name by UCDP. Lastly, it is also safe to assume that not all conflicts 

created by the Uzbekistan government involved pitting ethnic groups against each other, 

but this type of conflict has ethnic/national connotations and therefore is considered 

relevant for this study and is included. 
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Figure 5.5. Recorded Conflict Events of Ethnic and Uzbekistan Government 

 

 

To measure the proximity between ethnic Uzbek and Kyrgyz communities the 

Geo-referencing of Ethnic Groups (GREG) ethnic map of the world shapefile (Weidmann 

et al 2010) and the Euclidean Distance tool in ArcGIS desktop was used. The GREG 

dataset, despite its age, is one of the finest sources available on ethnic groups and their 

locations. The GREG dataset provides invaluable information on clustered ethnic groups 

within the post-Soviet era. For the purposes of this study ethnic Uzbeks and Kyrgyz 

populations were measured, as ethnic Uzbeks constitute one-seventh of the population 

and ethnic Kyrgyz constitute three-fourths of the total population of Kyrgyzstan. All 

other ethnic communities that constitute the remaining one-eighth of the population (i.e., 

ethnic Russians, Ukrainians, Germans, Tatars, Kazaks, Dugans, Uighurs, and Tajiks)7 

 
 

7 https://www.britannica.com/place/Kyrgyzstan/People#ref341231 

https://www.britannica.com/place/Kyrgyzstan/People#ref341231
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were omitted from the polygon’s attribute table, due the requirements of including 

previously recorded ethnic conflict in the country. 

Figure 5.6. Distance between Ethnic Uzbeks and Kyrgyz 

 

To make the resource competition factor map, it was necessary to layer the two 

main natural resources of interest (i.e., main water sources and farmable land). The 

hydrology polygons, lines and vectors are provided by the Humanitarian OpenStreetMap 

Team. The hydrology of Kyrgyzstan was then converted into a raster in ArcGIS 10.7 

software to be overlaid with the Global Land Cover (GLC) 2000 raster. The GLC 2000 is 

a project that uses the FAO Land Cover Classification System (LCCS). It is a hierarchical 

classification which allows for each regional partner to describe the land cover classes at 

the thematic detail best suited to the land cover in the region of expertise. There is also a 

detailed description of the legend available from the Forest Resources and Carbon 

Emissions (IFORCE) webpage. Processing involved two phases. The first phase involved 
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reclassifying the arable land and water into two separate classes; one class with the value 

of 1, and the second class with the value of 0, for everything else Then in the second 

phase the distance to main water sources was measured by using the Euclidean Distance 

tool in ArcGIS 10.7, which creates a raster image, and then reclassified (i.e., 1-4 and 

background areas with a value of zero) using the Raster Reclassify tool.  
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Figure 5.7. Arable land and proximity to water sources 
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The Gridded Population of the World, Version 4 (GPWv4): Population Density, 

Revision 11 consists of estimates of human population density (i.e., the number of 

persons per square kilometer). Layered with the natural resource raster (satellite imagery) 

to create the natural resource competition map (Figure 5.14), it estimates population 

density for the years 2000, 2005, 2010, 2015, 2020 based on counts of national censuses 

and population registers as raster data. The map was reclassified and standardized into 

four categories (1-4) to be added to the arable land and main water sources map (Figure 

5.7) in order to create the Natural Resource competition factor (Figure 5.14).  

Figure 5.8. Population Density  
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Both the annual precipitation and annual temperature raster were sourced from the 

Integrated Population and Environment Data (IPUMS Terra) Raster/Image Data tool, 

TerraClip. The bioclimatic, annual precipitation and temperature raster were pulled from 

the WorldClim and are reclassified by using the Reclassify Raster, Spatial Analysis tool 

in ArcGIS 10.7.  Both maps (precipitation and temperature) were reclassified and 

overlaid to produce the climate susceptibility map (Figure 5.15). 

Figure 5.9. Precipitation and temperature 
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The available housing and population census is from 2009 in Russian language. 

There is no sub-regional-level or district-level data available, but data at the regional and 

national level is available for this study. The 2009 census provides a variety of data, but 

for the purposes of this study the average unemployment rate of young males per region 

between the ages of 15-28 (i.e., young men between the ages of 15-28without family 

obligations) are measured by the percentage of unmarried and non-cohabiting men 

(Collier 2007); and the average population of ethnic Uzbeks and Kyrgyz within each 

province. These measures serve as the migration factor under the CMCN framework. The 

three inputs were mapped into three separate maps, reclassified, and then overlaid which 

created the population at risk map (Figure 5.16).  

Figure 5.10. Population Characteristics 
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5.3.2 Intermediary maps to factor maps 

Figure 5.11 describes in visual terms (using a venn diagram) how these CMCN 

loci map to the factors used in this study, and Figures 5.12 – 5.17 show the specific 

details of combining the data to create Intermediary maps, which are then used to create 

the factor maps.  

Figure 5.11. CMCN with specific factors predicting conflict in Kyrgyzstan 

Note: black font are the factor maps and blue font are the intermediary maps 
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The range of ethnic conflict was available for the year 2010 in the Uppsala’s 

Conflict Data Program (UCDP) Georeferenced Event Dataset (GED) Global version 

19.1. The focus of this study is to identify where ethnic conflict will occur in Kyrgyzstan, 

however, there are recorded, historical conflict events created by the Uzbekistan 

government within Kyrgyzstan’s boarders that range from 1999, 2000, 2006, and 2009.   

These historical conflict events are relevant to this study because of the ethnic Uzbeks as 

well as Uzbek nationals who reside and migrate into different regions of Kyrgyzstan and 

the resulting tensions between Uzbeks and Kyrgyz communities over the need for natural 

resources and employment opportunities, which can induce future ethnic conflict events. 

This inclusion of both conflict events is relevant when overlaying it with the population 

at risk, index map. The recorded ethnic and Uzbek government induced conflict, within 

the borders of Kyrgyzstan, from UCDP’s GED dataset were inserted into the Kernel 

Density tool in ArcGIS and then reclassified. 
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Figure 5.12. Previous Conflict Events 

 

 

Proximity to Ethnic Groups (i.e., the spatial lay out where ethnic communities 

reside in the Kyrgyz Republic) involved inserting the GREG shapefile into ArcGIS and 

then selecting and clipping the Ethnic Uzbeks and Kyrgyz locations within the country 

borders. The Euclidean Distance tool (in ArcGIS) was used to measure the distance 

between the two groups, then the polygon shapefile was converted into a raster file by 

using the Polygon to Raster tool. The new raster image was reclassified into four 

categories (e.g., 1 - 4) as this allows for the weighted overlay process to be performed 

once all intermediary maps are created, by using the Map Algebra tool in ArcGIS. 
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Figure 5.13. Ethnic Proximity: between Ethnic Uzbeks and Kyrgyz communities 

 
 

Competition for Natural Resources (Figure 5.14). Identifying resource 

competition was based on two criteria: the proximity to natural resources (defined by 

access to water and arable land) and the population density. Natural resources were 

defined as all water sources (e.g., lakes and rivers) in the country and arable land. The 

water proximity map (Figure 5.7) and arable land map (Figure 5.7) were combined with 

population density via Map Algebra, which treats the raster maps as matrices where cell 

values connote value (after Ayoade 2017). In essence, areas of non-arable land take the 

value of zero and arable land with the value of two and then the map was added to the 

water proximity map (which has values of 1 - 4) to approximate access to natural 

resources. Then population density map (Figure 5.8), which was reclassified to 1 – 4 

rasters, then multiplied by the access to natural resources map to create factor maps that 

shows how locations vary in terms of community competition to natural resources. The 
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result of this multiplication was then reclassified to four categories using the Reclassify 

Raster tool in ArcGIS to create the final factor map (Figure 5.14). 

 

Figure 5.14 Natural Resource Competition 

 
 

Climate Susceptibility (Figure 5.15). Much like with creating the Competition for 

Natural Resources map, approximating susceptibility to climate involved combining 

precipitation and temperature maps via the map algebra addition operator to create a 

simple representation of susceptibility to climate disruptions due to agricultural changes 

such as drought or flooding. 
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Figure 5.15. Climate Susceptibility  

 
 

Populations at Risk (Figure 5.16). The population at risk map approximates the 

population at risk of violence as derived from three indicators computed from the 

national census data (Figure 5.10). The calculations were used to identify the percentage 

of young men, young defined as men between the ages of 15-28, when most men were 

eligible to work and were single per sub-division, the average percentage of unemployed 

males per sub-division, as well as the average percentage of unmarried men per region. 

Additionally, for each sub-division the average population of ethnic Uzbeks was 

calculated. To process the census data into GIS shapefile formatting required tabular join 

to each regional administrative boundary polygon’s attribute table. The ratio of each 

indicator was calculated using a field calculator tool in ArcGIS and then reclassified from 

1-4, for each indexed map. 
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Figure 5.16. Populations at risk 

 

 

Net Migration (Figure 5.17). The intra-regional migration of the population, by 

person, from the 2009-2013 Statistical Yearbook of Kyrgyzstan for 2009 was used in 

order to be consistent with the year of the census data. The values for arrival and 

departure were provided, but the given net migration values were inserted into the 

attribute table of the shapefile and then converted into raster format with the Polygon to 

Raster Conversation tool in ArcGIS and then reclassified from 1-4 by using the 

Reclassify Raster tool.  
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Figure 5.17. Net Migration 

 
 

5.3.3. Steps from factor maps to final map 
 

The final map that predicts where ethnic conflict may occur was generated by combining 

the finalized factor maps to apply the AHP calculated weights to each factor via a process termed 

weighted linear combination (WLC) (Malczewski, 2002). To select the region most susceptible to 

ethnic conflict in Kyrgyzstan, the following steps were taken:   

Step A: Established the decision context; Who are the stakeholders? 

I evaluated the situation between ethnic Uzbek and Kyrgyz farmers (i.e., stakeholders 

involved in this study). During fieldwork (2015) it was evident that the historical tensions 

between ethnic Uzbeks and Kyrgyz farmers were still simmering in Southern Kyrgyzstan. The 

historical ethnic tension had a significant impact on the limited natural resources, farming 

equipment, and the proximity between ethnic groups.  
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Step B: Identified the factors. 

I used the Climate-Migration-Conflict Nexus (CMCN) framework to dictate the factors to 

insert into MCE model. The in-country interviews helped to assign the appropriate weights to 

each factor within the AHP-MCE model. The CMCN framework guided the collection of relevant 

spatial data, and the conducted fieldwork confirmed that the type of data was either not accurate 

or suggested that additional information was needed.  

Step C: Established each factor of the pairwise comparison matrix.   

The pairwise comparison matrix is the process of comparing entities in pairs to judge 

which entity is preferred, which has the greater amount of quantitative property, or which 

identities are identical (Jaroslav, 2020). This step requires assigning the relative importance of 

factors by comparing every possible pairing. Guided by relevant literature based on Saaty & 

Vargas' (2012) 9-point continuous scale (Table 5.6).  This is done by entering the factors as 

ratings into the pairwise matrix (Table 5.7). The comparison of the factors is based on Saaty 

(1988), which uses the definitions of the 9-point scale (see Table 5.7) to transform the verbal 

judgements into numerical quantities. The scale is then applied to factors that are defined 

numerically or that cannot be defined in numeric terms. The pairwise comparisons consist of n (n-

1)/2 comparisons where n is the number of elements (Malczewski, 1999; Ozturk & Kılıç 2011). 

The relative importance scale is based on each factored pair's contribution to the overall goal of 

identifying which region is most susceptible to ethnic conflict.  

Table 5.6.  Pairwise comparison 9-point continuous rating scale 

Less important      More important 

Extremely Very 

Strongly 

Strongly Moderately Equally Moderately Strongly Very 

Strongly 

Extremely 

0.11 0.14 0.20 1/3 1 3 5 7 9 
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Step D: Scored/Ranked; Assessed the expected performance of each factor  

Once the intermediary maps were made into the factor maps (see Figure 5.4), then 

the pairwise matrix was complete (see Table 5.7). The preferences were calculated with 

the following expression (see Equation 3).   

Table 5.7. Normalized Pairwise matrix 

Factors Ethnic 

Conflict 

Ethnic 

Proximity 

Resource 

Competition 

Climate 

Susceptibility 

Population at 

Risk 

Net 

Migration 

Ethnic Conflict 1.00 7.00 5.00 6.00 8.00 4.00 

Ethnic Proximity 0.14 1.00 0.50 4.00 5.00 7.00 

Resource Competition 0.20 2.00 1.00 3.00 4.00 6.00 

Climate Susceptibility 0.17 0.25 0.33 1.00 0.50 5.00 

Population at Risk 0.13 0.20 0.25 2.00 1.00 3.00 

Net Migration 0.25 0.14 0.17 0.20 0.33 1.00 

 

Step E: Normalized the Pairwise Matrix  

The weights were calculated by normalizing the matrix. Each element in the 

matrix was divided by the total of the sum in each column. Then these normalized 

weights were obtained by measuring the mean of the elements in each row of the matrix. 

The sums of the calculated weights are equal to 1 (Malczewski, 1999; Ozturk & Kılıç 

2011). For this study, the weights for all factors were calculated in Microsoft Excel, and 

the results are listed in Table 5.8. 

        Table 5.8. Factor weights 

 

 

Factors Weights 

(F1) Prior Ethnic Conflict 
0.4716851906* 

(F2) Ethnic Proximity  
0.1701342103 

(F3) Resource Competition 
0.1758681517 

(F4) Climate Susceptibility 
0.0731003754 

(F5) Population at Risk 
0.0686053184 

(F6) Net Migration  
0.0396067537 
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       Note: * indicates most important factor (greatest value) 

 

Step G: Performed the consistency test  

 Saaty (1990) defined the consistency index (CI) (see Equation 1), which is known 

as the eigenvector method and yields a natural measure of consistency. To confirm the 

weight values are appropriate, the consistency index (CI) was calculated as:  

 

CI =
− 𝑛 

𝑛−1
               [Equation 1]  

 

where the consistency index (CI) is a function of max, the maximum eigenvalue of the 

matrix, and the n value is the order of the matrix. After computing the CI, the consistency 

ratio (CR) is calculated by finding the ratio of the Consistency Index (CI) divided by the 

Random Index (RI)—(CI/RI). The Random Index (RI) is the consistency index (CI) of a 

randomly generated pairwise matrix (Donegan and Dodd 1991) for a set number of 

attributes (see Table 5.9). For the matrix to be considered consistent, the CR should result 

in a value equal to or less than 0.1 (Saaty 1990). The calculated CR value is equal to 0.1, 

which indicates the matrix has consistent weights for this study. 

Table 5.9. Random Index (RI) 

Attributes 3 4 5 6 7 8 9 10 

RI 0.52 0.89 1.11 1.24 1.35 1.4 1.45 1.49 

Source: Rao (2007) 

 

Step H: Weighted. Assigned weights for each of the factor maps  

Developing factor weights (the extent to which each factor contributes to the final map) 

involves AHP (Saaty, 1977, 1994). This approach derives weights in three steps (Elaalem et al. 

2011). The first step involves making a hierarchical structure of the objectives, factors, sub-
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factors, and alternatives. For this study, however, there is no clearly defined hierarchy because the 

factors have some internal correlation to each other. Therefore, I consider all of the factors at 

once, since the sole objective is to assess the possibility of conflict.  

Step I: Performed Weighted Linear Combination (WLC) 

Combined each map by multiplying its calculated weight and then finding the total sum. 

The final map is computed in the following manner:  

 

CP =∑ (𝑊𝑖)
𝑛

𝑖=𝑓𝑎𝑐𝑡𝑜𝑟1 
                                                                                   [Equation 2]  

 

In equation 2, n is the total number of factors (e.g., there are six factors in this study), Wi 

is the weight index of each factor (Table 5.8), and CP is the final output map (Figure 5.18). This 

process is termed a weighted linear combination (WLC) and allows for a simple overlay of data 

in the format of maps to be placed on top of each other to identify the location most susceptible to 

ethnic conflict.  
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Step J: Examined the results 

Once the WLC was performed, I subsequently examined the mapped results, and 

computed the susceptibility ratings (see Table 5.10) by processing with the raster calculator tool 

in ArcGIS 10.7.  The ratings for the classification were determined by using geometric interval 

classification in ArcGIS software due to its ability to visualize prediction surfaces. Specifically, 

geometric interval classification provides a better display and distribution of population data in a 

more natural way. For example, it is possible to see the difference between the more populated 

areas and the low and medium areas, because it more accurately displays the variation of 

population data combined with environmental and political datasets. Diagram 5.1 shows the 

susceptibility index values of classes 0-4, where class 4 has the highest rating and class 0 has the 

lowest rating.  

                                 Table 5.10. Susceptibility rating 

Susceptibility index Susceptibility class Susceptibility rating 

>3.10 4 Very susceptible 

>2.40 3 Susceptible 

>1.40 2 Moderately susceptible 

>0.98 1 Marginally susceptible 

>0.75 0 Not Susceptible  

 

 

 

 

 

 

 

 

 



 

141 

 

Diagram 5.5.1. Susceptibility Class Ratings, 0 – 4   

 

 

5.3.4. Sensitivity Analysis 

A sensitivity analysis was performed to identify scenarios that demonstrate different 

views on the relative importance of each factor.  The sensitivity analysis determines how 

sensitive the actual ranking (see Table 5.11 of preferences) is for each alternative, as each factor 

changes the weights. The sensitivity analysis in this study was considering the minimum exposure 

of the effect which would temper the inferences of each factor. Thus, I identified the sensitivity of 

the assigned factor weights by determining the smallest change in the weight value for each factor 

(i.e. changing the order of the preferences). This means that the smallest change in weight values 

changes the order of preferences, which results in a different order of factors based on 

preferences.  
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                  Table 5.11. Current Final Preferences 

 

Alternatives 

of Factors 

 

Preference (Pj) Ranking 

A1 0.6575    1* 

A2 0.1323 2 

A3 0.1779 3 

A4 0.0703 4 

A5 0.0615 5 

A6 0.0692 6 

              Note: * indicates the most preferred (best) alternative 

 

The calculated priorities are dependent on the weights multiplied to each main factor (see 

Table 5.8 for weights, and Figure 5.4 for factors to create final map output). The small changes in 

the relative weights can therefore cause changes in the final rankings of the preferences and 

weights. Since the preference calculations are based on the weight values, and the weights are 

based on subjective judgements, the stability of the ranking of each factor’s weight must be 

tested.  

In this study, the sensitivity analysis method is based on the approach by Triantaphyllou 

& Sánchez (1997). The calculations of the sensitivity coefficients (Table 5.14) are performed in 

Excel because available software such as Expert Choice and SuperDecisions do not provide a 

systematic study of the factors’ sensitivity nor the opportunity to understand the modeling process 

steps, since a research command is more explanatory than an automated procedure. Moreover, 

Expert Choice does not provide the means to study the effects of change in the measure of 

performance of the alternative options (Triantaphyllou 2000). 

The sensitivity analysis is fundamental to the implementation and effective quantitative 

decision models (Dantzig 1955). The benefit of conducting a sensitivity analysis is to assess the 

stability of the optimal solution under changes in the parameters. Consequently, the results (i.e., 
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coefficients; Table 5.14) show two important conclusions in this study. First, the fewer number of 

alternatives (e.g., less than seven factors) have little influence on the sensitivity results. Second, 

the most sensitive decision factor has the highest weight (i.e., if changes are measured in relative 

terms; see Table 5.13) and also has the lowest weight if changes are measured in absolute terms 

(See Table 5.12). In this study there are a small number (six) of factors, which denotes a minor 

practical influence on the sensitivity coefficients (See Triantaphyllou 2000). Determining the 

sensitivity of the weights and alternatives consists of the following steps that follows 

Triantaphyllou’s procedure and logic (2000). 

Step a: Calculated the preference values (Pi) 

In this study the final preference (Pi) of the alternative (Ai) is considered with all factors 

simultaneously (Condition 3). The desired ranking is achieved by having the first alternative be 

the best alternative and so forth (Triantaphyllou, 2000a).  

𝑃1 ≥ 𝑃2  ≥  𝑃3… ≥   𝑃𝑚         [Condition 1] 

 

Step b: Determined the changes in the current weights  

Theorem 1 and 2 are computed to the final preferences and the corresponding ranking of 

the six alternatives as shown in Table 5.9 and Condition 1. Therefore, the calculation performed 

in step 1 identifies the most preferred alternative (A1), and the weight of the first factor appears to 

be the most important one. To conduct the minimum change ( 𝛿) to alter the current weight (wi) 

in order to reverse the coupled alternatives (See Theorem 1 and Conditions 1a-1c). I applied 

conditions 1a-1c (See Triantaphyllou 2000a),  and all computed values are inserted in Table 5.12. 

Also, the changes are given before normalization or the pairwise matrix values.    
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𝐴𝐴𝐻𝑃−𝑠𝑐𝑜𝑟𝑒
∗ =𝑚𝑖𝑛

𝑖
 +∑ (𝑛

𝑗=1𝑎𝑖𝑗𝑤𝑗 ) 𝑓𝑜𝑟   𝑖=1,2,3,…..𝑚         [Theorem 1] 

 

𝛿𝑘,𝑖,𝑗 <  
(𝑃𝑗 − 𝑃,𝑗)

(𝑎𝑗𝑘 − 𝑎𝑖,𝑘)
 × 

100

𝑤𝑘
,   𝑖𝑓   (𝑎𝑗𝑘 > 𝑎𝑖,𝑘),𝑜𝑟 ∶        [Condition 1a]  

 

𝛿𝑘,𝑖,𝑗 > 
(𝑃𝑗 − 𝑃,𝑗)

(𝑎𝑗𝑘 − 𝑎𝑖,𝑘)
 × 

100

𝑤𝑘
,     𝑖𝑓   (𝑎𝑗𝑘 < 𝑎𝑖,𝑘).               [Condition 1b] 

 

Note* for the value of  𝛿𝑘,𝑖,𝑗  the following condition should be satisfied. 

(𝑃𝑗 − 𝑃,𝑗)

(𝑎𝑗𝑘 − 𝑎𝑖,𝑘)
 ≤  𝑤𝑘              [Condition 1c] 

     

Step c: Determined the Percent-Top (PT) critical factor 

The critical factor in Table 5.12 can be found by looking for the smallest relative value of 

A1 when reviewing all the related rows, which is the most preferred (refer to Step 1; also see 

Triantaphyllou 2000a). Therefore, in Table 5.12 the smallest percentage is -11161.0574, which 

corresponds to Factor 6 for the pair of alternatives within all rows of A1. The smallest percentage 

reduction in Table 5.13 shows the most preferred alternative is no longer A1 but A3.  
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Table 5.12 All Possible Values, (Percent Change in Factors Weights) 

 

Pair of  

Alternatives 

F a c t o r s 

 

F1 F2 F3 F4 F5 F6 

A1-A2 N/F N/F N/F N/F N/F -15285.5570 

A1-A3 N/F N/F N/F N/F N/F -11161.0574 

A1-A4 N/F N/F N/F N/F N/F -37433.8538 

A1-A5 N/F N/F N/F N/F N/F N/F 

A1-A6 N/F N/F N/F N/F N/F N/F 

A2-A3 N/F N/F N/F -854.8685 -970.5613 -2912.0582 

A2-A4 N/F N/F N/F N/F N/F N/F 

A2-A5 -977.7121 N/F N/F N/F N/F N/F 

A2-A6 N/F N/F N/F N/F N/F N/F 

A3-A4 -1169.99177 N/F N/F N/F N/F N/F 

A3-A5 -264.6324 N/F N/F N/F N/F N/F 

A3-A6 N/F N/F N/F N/F N/F N/F 

A4-A5 -5.9795 35.7469 21.2636 25.9332 N/F 17.6680 

A4-A6 94.5474 N/F N/F -164.0225 -372.4406 N/F 

A5-A6 27.5295 -462.8787 -293.6936 -79.5977 -243.9991 -244.0304 

     Note: N/F stans for Non-Feasible. This means that the corresponding 𝛿  value does not satisfy the condition 5c. 

 

Step d: Determined the Percent Any (PA) critical factor 

The Percent Any (PA) value is the smallest relative 𝛿 value in the entire Table 5.12, 

which is factor 6. Therefore, the PA critical factor is F6 (same as in Step c for the PT value). As a 

result, according to the definition of PA and PT (Triantaphyllou 2000a), both Table 5.12 and 5.13 

identify F6, Net Migration, to be the most critical.  
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Table 5.13 All Possible Values, (Absolute Change in Factor Weights) 

 

Pair of 

Alternatives 

F a c t o r s 

 

F1 F2 F3 F4 F5 F6 

A1-A2 N/F N/F N/F N/F N/F -6.0541 

A1-A3 N/F N/F N/F N/F N/F -4.4205 

A1-A4 N/F N/F N/F N/F N/F -14.8263 

A1-A5 N/F N/F N/F N/F N/F N/F 

A1-A6 N/F N/F N/F N/F N/F N/F 

A2-A3 N/F N/F N/F -0.6249 -0.6659 -1.1534 

A2-A4 N/F N/F N/F N/F N/F N/F 

A2-A5 -4.6117 N/F N/F N/F N/F N/F 

A2-A6 N/F N/F N/F N/F N/F N/F 

A3-A4 -5.5183 N/F N/F N/F N/F N/F 

A3-A5 -1.2482 N/F N/F N/F N/F N/F 

A3-A6 N/F N/F N/F N/F N/F N/F 

A4-A5 -0.0282 0.0608 0.0376 0.0190 N/F 0.0070 

A4-A6 0.4460 N/F N/F -0.1199 -0.2555 N/F 

A5-A6 0.1299 -0.7875 -0.5195 -0.0582 -0.1674 -0.0967 

Note: N/F stans for Non-Feasible. This means that the corresponding 𝛿 value does not satisfy the condition 5c. 

 

Step e: Determined the Critical Degrees  

The critical degree of factor (Fk) is denoted as Di, the smallest percentage amount that 

the weight (wi) must change, which implies the existing rankings of the alternatives will change. 

Given that the following relation to be true (Triantaphyllou 2000a):  

 

𝐷𝑘 =  𝑚𝑖𝑛
1 ≤  𝑖≤𝑗 ≤𝑚

  { |  𝛿𝑘,𝑖,𝑗| },    𝑓𝑜𝑟   𝑎𝑙𝑙   𝑛 ≥ 𝑘  ≥  1.       [Equation 3] 

 

Step f: Determined the Sensitivity Coefficients  

To determine the sensitivity coefficient of factor Fk, which is denoted as sens(Fk) is the 

reciprocal of its criticality degree. This relation is true in Equation 4 and based on changes in the 
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ranking of any alternatives. The sensitivity coefficients of the six factors are shown in Table 5.14 

and identifies the most sensitive decision factor is F1, followed by F6, F3, F4, F2, and F5.  

                  𝑠𝑒𝑛𝑠(𝐹𝑘) = 
1

𝐷𝑘
   𝑓𝑜𝑟  𝑎𝑛𝑦   𝑛 ≥  𝑘 ≥  1.     [Equation 4] 

 

                                          Table 5.14 Sensitivity Coefficients 

 

Sens(F1) 0.1672* 

Sens(F6) 0.0566 

Sens(F3) 0.0470 

Sens(F4) 0.0386 

Sens(F2) 0.0280 

Sens(F5) 0.0041 

                                            Note * signifies the most sensitive decision factor 

 

 

Step g: Graphed the Sensitivity Coefficient Values  

In Diagram 5.2 the sensitivity coefficients of the Pareto diagram8 demonstrate the 

coefficient closest to the value of 0, (i.e., Factor 1) is more stable, and the factor that has a 

coefficient that is closest to the value of 1 is the most unstable (i.e., Factor 1). 

Step h: Appropriateness of Measures 

Diagram 5.1 shows a measurement error of Factor 1, that is likely a result of the 

subjective judgements made. However, this is a minor error, since the inferences made are not 

significantly sensitive to the precision of Factor 1. Overall, the precision in the fieldwork for the 

ranking and scoring of each factor using expert knowledge and stakeholder inputs (e.g., ethnic 

Uzbek and Kyrgyz farmers interviewed about the importance of the six factors) confirm that the 

ranking and scoring are not significantly impacted. Therefore, the ranked and scored six factors 

 
 

8 Definition of the Pareto Diagram and why it is used: https://asq.org/quality-resources/pareto  

https://asq.org/quality-resources/pareto
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using the AHP and WLC method are an appropriate measure for this study. 

Diagram 5.5.2. Sensitivity Coefficients of Factors 1 – 6  

 

5.4. Discussion  

The final potential conflict map (Figure 5.18) obtained from the combination of the four 

factor maps shows that the southwest region of the country, where most ethnic Uzbeks reside, is 

most susceptible to ethnic conflict. Within the southwest region, the Batken region sticks out as 

being prone to ethnic conflict because of its climate risks (i.e., low precipitation, rapid 

temperature changes, mountainous terrain, and increased chance of mudslides and droughts) as 

well as its dense ethnic Uzbek population and limited access to natural resources for agricultural 

cultivation. The application of the CMCN framework to create the factor maps within an MCE 

model provides an avenue to increase our understanding as to why the Batken region may be 

most susceptible to experience ethnic conflict in a simple, straight forward approach.    
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Figure 5.18 Final potential map of regions most susceptible to ethnic conflict 

 

 

In addition to Batken, two other regions, Osh and Jalal-Abad, are also susceptible to 

ethnic conflict. Both regions have a history of conflict between Uzbeks and Kyrgyz communities, 

but there are fewer recorded accounts of both ethnic and Uzbekistan government conflict events 

when compared to Batken. Among the three regions, Osh has the highest level of resource 

competition and net migration, and it has the lowest levels of precipitation, making drought a 

serious issue and irrigation practices an important component to livelihoods. Jalal-Abad has the 

highest level of risk for its population and the highest levels of annual precipitation. Given its 

moderately high level of natural resource competition and history ethnic conflict events, the 

region is prone to experience ethnic conflict. However, given Jalal-Abad’s levels of high annual 
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precipitation, this makes it less prone to experience ethnic conflict when compared to Batken and 

Osh. 

The regions in the eastern part of the country have moderate to high levels of 

susceptibility to ethnic conflict given their high population density (Figure 5.8) and risk of 

experiencing high unemployment. Another important factor is the population of single, unmarried 

males. However, the far eastern regions of Kyrgyzstan have no ethnic Uzbek communities 

(Figure 5.16), but a very small percentage of ethnic Uzbeks from other regions may seasonally 

work in the capital, Bishkek (Chuy region) or near the tourist attraction, Issyk-Kul (lake Issyk). 

The negligible number of ethnic Uzbeks in regions other than the southwest minimizes the 

possibility of ethnic conflict occurring outside of Batken, Osh, and Jalal-Abad. However, 

according to the GREG shapefile and the national census data, there were no Uzbek communities 

in regions outside of Batken, Jalal-Abad, and Osh and there were no significant populations of 

ethnic Uzbeks in the census to calculate the average population of ethnic Uzbeks outside of 

Batken, Jalal-Abad, and Osh. If larger numbers of ethnic Uzbeks were to migrate to the eastern 

regions of Kyrgyzstan, it would make conflict more likely, which is possible in the near future 

given the competition over natural resources,  

Overall, my experience speaking with farmers in the southern regions of the country 

(Osh, Batken, Jalal-Abad) as well as speaking with the Minister of Agriculture and expert 

regional agronomists highlighted ethnic conflict as a serious concern for the region. According to 

my fieldwork and interview analysis, outsider NGOs (non-governmental organizations) such as 

humanitarian aid and development organizations have not acknowledged the region’s history of 

ethnic tensions between Uzbek and Kyrgyz farmers, and despite limitations on descriptive 

environmental (e.g., climate change) and demographic data (e.g., migration flows), there are 
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concerns over climate change events, migration of ethnic Uzbeks, and repeated conflict in regions 

where resource competition is a challenge.  

5.5. Conclusion 

The goal of this study is to understand how the multi-criteria evaluation (MCE) method 

can be effective for conflict early warning (CEW) forecasting of ethnic conflict in data-poor, low-

income countries (LICs) I applied MCE with geographic information systems (GIS) to provide a 

simple and straightforward method (i.e., MCE-GIS) that allows for the integration of different 

types of data to predict where ethnic conflict may occur in an LIC. The results confirm that a 

MCE-GIS approach is effective for incorporating both qualitative (fieldwork interviews to 

support the AHP ranking) and quantitative datasets (census data, raster data and so forth) to 

overlay both robust and limited data. This analysis revealed the regions in Kyrgyzstan  that are 

most susceptible to  ethnic conflict . MCE-GIS method with the AHP approach is a suitable 

method when working in data-poor LICs, which makes it an effective and applicable method to 

apply within other LICs in Eurasia or in regions where ethnic conflict or clan/tribal conflict is of 

concern. Thus, this study supports the use of MCE-GIS for humanitarian, developmental aid 

organizations and governmental agencies who make decisions on allocating resources or 

providing potential programs and preventing ethnic conflicts in other LICs.  

There are several future directions to consider. MCE is a way to translate data based on 

expert interviews and stakeholder discussions into factors. MCE method integrates diverse 

CMCN factors that do not share an obvious link but are connected by a common challenge. Thus, 

future studies should include surveys of ethnic Uzbek and Kyrgyz farmers and analyze the 

potential differences of pairwise rankings and scoring of the six factors within this study’s MCE-

GIS model. There is also room to experiment with different weightings to assess the relative 

importance of the various factors or consider additional ones. The weightings were developed by 
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the author given her knowledge of the area but there are also other methods that can be used to 

develop weightings, such as having participants use money or game tokens to identify the relative 

importance of factors. In terms of model standardization by reclassifying the four layers, 

exploring finer gradations might be valuable. Moreover, further studies should expand on MCE-

GIS model for neighboring countries of Kyrgyzstan and other low-income countries (LICs) 

around the globe. 
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6. Conclusion 

One of the main challenges with researching low and middle-income countries 

(LMICs) is the paucity of data. When data is limited or non-existent it can deter 

researchers from investigating complex human-environmental questions, especially 

within understudied regions such as Eurasian nations that were a part of the former Soviet 

Union. In terms of being independent from the Soviet regime, Eurasia can be considered 

relatively young. It has been approximately thirty years since the Soviet Union collapsed 

and within that time period Eurasian nations have begun to claim their independence and 

reform their governance and social structures. Although this is an exhilarating transition, 

it can pose structural challenges that hinder the development of data resources, especially 

open access datasets suitable for scholarship. Moreover, there is an element of trust that is 

necessary to establish within Eurasian communities, due to their experiences that they 

describe as deceitful or as a betrayal during the Soviet era, making social-networks 

generally exclusive and difficult to become a part of as an outsider. 

Eurasia can also be a challenging location for research due to its exclusive social-

networks and the non-transparency of regional governments failing to provide open-

source datasets concerning environmental or population datasets. For this reason, the 

limited resources to conduct data-driven studies is discouraging and often overlooked in 

Eurasian countries. However, the challenge of data limitations within Eurasia should be 

our motivation as geographers trained in geospatial sciences and population studies to 

investigate questions centered around human-environmental systems. Although we are 

limited in choice of environmental and demographic data sets, it is our scholarly duty to 

design and implement creative methods that address questions relevant for LMICs that 
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have been avoided or understudied due to the extreme challenges it poses upon privileged 

scholars.  

 The decision to use Azerbaijan and Kyrgyzstan as case studies was sparked in 

part by the lack of current scholarship that examines human-environmental issues within 

either nation that looks at the modeling of population, climate, hazardous sites, or 

environmental with quantitative datasets coupled with in-country fieldwork. The 

challenges in establishing social networks to gain access to demographic information or 

environmental datasets are unavoidable, but these should not serve to discourage work in 

these nations. The investment in language skills, in-country fieldwork, and combining 

available datasets is critical to confirm or obtain information that is missing from national 

open-source datasets.  

 The attention Azerbaijan historically receives from the International Community 

has been due   to interest in its on-going conflict with Armenia (that ended in 2020) and 

for its petroleum production. However, the environmental sector has been grossly 

overlooked. When the environment is understudied this leads to complications with the 

nation’s population health, environmental health, as well as the lack of or 

underdevelopment of policies intended to protect and improve both the environment and 

the human population. Chapters 2 – 4 demonstrate creative ways on how we can model 

the combination of different qualitative and quantitative datasets to address research 

questions that further push the agendas of scholars, policymakers and government 

agencies.  

 As for Kyrgyzstan (Chapter 5), there has been greater interest across the country’s 

different sectors at the international level, however, what has been continuously 
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overlooked is the intersection of its repeated ethnic clashes over the years. Attention to 

Kyrgyzstan by the international community has been significant through the support of 

humanitarian organizations alongside longstanding U.S. and European development 

programs. Despite this interest, the research to connect the diverse problems of the region 

has not been heavily investigated. Therefore, in Chapter 5 I apply the climate-migration-

conflict nexus framework to dictate the selection of the relevant factors that ignite ethnic 

conflict. The results of the study aim to encourage more mixed method studies when 

working within data poor and understudied countries.   

 In terms of future research, there are a number of promising directions. Perhaps 

the area of greatest need is a greater diversity of human and environmental datasets.  A 

greater range of data would provide more options that can serve as input factors for 

understanding human well-being in Azerbaijan and fuel MCE approach for understanding 

conflict in Kyrgyzstan. Especially useful would be data on specific populations of ethnic 

groups within each Eurasian country, migration data starting from the collapse of the 

Soviet Union to the present, and detailed climate change data. There is much value in 

expanding the number of TSIP sites and adding those to the current national dataset for 

public knowledge. Another future research direction is improving the development of 

appropriate weights for each input factor in MCE. Finally, there is potential for building 

off of the current chapters by conducting comparative studies between Eurasian nations 

that have similar human-environmental complications but differ in their long-term policy 

goals or their ability to address each human and environmental challenge. The broader 

goal in advancing mixed-method approaches when examining understudied, Eurasian 
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nations is to create possibilities that further advance our understanding of complex 

human-environmental systems. 
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Appendix 1. Pollutants 
 

Site name Population #   Latitude Longitude Pollutant BI 

Former Tovuz Cement Factory 16000 40.996581 45.611488 Cadmium 6 

Barda Pesticide Storage 2050 40.354156 47.111864 DDT 6 

Sumgait Synthetic Rubber Plant 13050 40.608772 49.616207 Benzene 6 

Ganja Aluminum Factory 110000 40.695217 46.420741 Chromium  6 

Baku Industrial Experiment Factory 10370 40.379881 49.913376 Other 6 

Baku Steel Company 25000 40.43091 49.887582 Mercury 6 

Lajat Pesticide Storage near railway station 4600 41.690961 48.625369 DDT 6 

Dashkesan Alunite Enrichment Site 15000 40.520487 46.051699 Lead 6 

Salyan Agricultural Chemical Union 8000 39.553253 48.954123 DDT 6 

Technical Rubber Products Plant 47400 40.461752 49.935894 Benzene 6 

AzerNeftYag Plant 16000 40.372509 49.909641 Benzene 6 

Former Bilasuvar Agricultural Chemical Union 3500 39.450813 48.551902 DDT 6 

Takla Pesdicide Storage 1700 39.26027 48.350948 DDT 6 

Qaratapa Pesticide Storage, Sabiradad (Former) 5000 39.943635 48.610213 DDT 6 

Sabunchu town polluted areas 30000 40.433333 49.95 Benzene 6 

Balakhani village polluted areas 40000 40.474945 49.919407 Benzene 6 

Kirmizi Lake, Absheron 3000 40.2929798 49.710148 Arsenic 6 

Lokbatan Lake, Absheron 22500 40.32142 49.7075557 Arsenic 6 

Bulbula Lake 15500 40.42528 49.97667 Phenol 6 

Halach (Beylagan) Pesticide Storage 45 39.719169 47.828137 DDT 6 

Gu lake 18000 40.312755 49.760267 Arsenic 6 

Masazir lake 4500 40.506495 49.769847 Cadmium 6 

Kurdakhani Lake 5700 40.536736 49.915702 Arsenic 6 

Mirzaladi lake, Garadagh District, Azerbaijan 9000 40.491525 49.811819 Cadmium 6 

Korpukend Former Pesticide Aeroground 5500 40.244642 47.501399 DDT 6 

Dashagil lake 14100 40.472737 49.643472 Benzene 6 

Hajigabul lake 6000 39.993312 48.92502 Cadmium 6 

Alimardanli Village Pesticide Storage 9400 41.036146 45.661743 DDT 7 

Dalmammadli Railway Station, Fertilizers' Plant 

and Pesticide Storage 8700 40.697063 46.577298 DDT 7 

Padar Railway Accident update 5000 40.221111 48.553056 Phenol 7 

Lower Gurali Pesdicide Aerodrome 600 39.426894 48.531904 Pesticides 7 

Abazalli Aeroground (Former), Jalilabad 2000 39.286056 48.356941 DDT 7 

Former Gunashli Pesticide Distribution Point 

(Bilasuvar) 3000 39.521336 48.490541 DDT 7 

Former Chuxanli Aerodrome (Salyan) 2600 39.648712 48.978109 DDT 7 

Former Chayli Pesticide Distribution Point 

(Bilasuvar) 3000 39.489336 48.517262 Pesticides  7 

Qaraxanli Pesticide Estakada 4500 41.05385 45.6705 DDT 7 
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*Note: Pollutant data is taken from the following publication: Abbasov, Rovshan, Chelsea L. Cervantes de Blois, Petr 

Sharov, Alena Temnikova, Rovshan Karimov, and Gunay Karimova. 2019a. “Toxic Site Identification 

Program in Azerbaijan.” Environmental Management, November. https://doi.org/10.1007/s00267-019-01215-

1. 

 

 

 

 

Appendix 1. Pollutants (continued) 
 

Site name Population #   Latitude Longitude Pollutant BI 
 

Former Mukhatariyat Village Pesticide 

Distribution Point (Shamkir) 5500 40.801086 46.125177 DDT 7 

Binagadi Lake 28800 40.469452 49.803499 Arsenic 7 

Ganli-Gel Lake 25500 40.368134 49.800589 Cadmium 7 

Ramana Lake 12000 40.447366 49.963277 Benzene 7 

Old oil-gas mine 1500 39.622335 49.110313 Benzene 7 

Chuxurdara Lake 97640 40.466684 50.027734 Cadmium 7 

Binagadi Steel Production Company 45000 40.460018 49.839671 Sulfur Dioxide 8 

Gadabay Gold and Copper Mine 26100 40.590252 45.781192 Arsenic 8 

Ganja Alabaster Production Area 3080 40.71751 46.342497 Lead 8 

Khojohasan Lake, Absheron Rayon, Azerbaijan 17100 40.39964 49.777337 Cadmium 8 

Zig Lake 25300 40.35472 49.99139 PCBs  8 
 

25300      
 

40.35472      
 

49.99139      
 

PCBs      
 

8 


