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Abstract. The growing water crisis in Central Asia (CA) and the complex water politics of the region’s transboundary rivers 11 

have attracted considerable attention;are a hot topic for research,  however, they are yet to be studied in depth. Here, we 12 

used Based on the Gini coefficient, water political events, and Social Network Analysis, we to assessed the matching degree 13 

between water and socio-economic elements and analyze the dynamics of water politics in the transboundary river basins of 14 

CA. Results indicate that the mismatch between water and land resources is thea precondition for conflict, with the average 15 

Gini coefficient between water and population, GDP and cropland measuring 0.19 (highly matched), 0.47 (relatively 16 

mismatched) and 0.61 (highly mismatched), respectively. Moreover, the Gini coefficient between water and cropland 17 

increased by 0.07 from 1997 to 2016, indicating an increasing mismatch. In general, a total of 591 water political events 18 

occurred in CA, with cooperation accounting for 89% of all events. Water events have increased slightly over the past 70 19 

years and shown three distinct stages: a stable period (1951-1991), a rapid increase and decline period (1991-2001), and a 20 

second stable period (2001-2018). Overall, water conflicts mainly occurred in summer and winter. Among the region’s 21 

transboundary river basins, the Aral Sea Basin experienced the strongest conflicts due to the competitive utilization of the 22 

Syr and Amu Darya rivers. Following the collapse of the Soviet Union, the density of water conflictive and cooperative 23 

networks in CA increased by 0.18 and 0.36, respectively. Uzbekistan has the highest degree centrality in the conflictive 24 

network (6), while Kazakhstan has the highest degree centrality in the cooperative network (15), indicating that these two 25 

countries are the most interconnected with other countries. Our findings suggest that improving the water and land allocation 26 

systems and strengthening the water cooperative networks among countries will contribute to the elimination of conflicts and 27 

promotion of cooperation in CAThe findings suggest that enhancing states’ cooperation and trust and seeking support from 28 

international organizations will be helpful to eliminate conflicts and strengthen cooperation in CA. 29 

Keywords. Transboundary river basins; Socio-economic development; Water politics; Social Network Analysis; Central 30 

Asia 31 
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1 Introduction 32 

With the exponential growth of the world’s population and rapid expansion of the global economy, freshwater resources 33 

have become increasingly crucial (Fischhendter et al., 2011; Hanasaki et al., 2013; McCracken and Wolf, 2019). There are 34 

286310 transboundary rivers worldwide involving 151150 countries, even though water-sharing treaties are in place, 35 

conflicts are frequent (Zeitoun and Mirumachi, 2008; Di Baldassarre et al., 2013; McCracken and Wolf, 2019; Wei et al., 36 

2021). Meanwhile, global warming has exacerbated the scarcity and uneven distribution of water resources, further 37 

complicating the water-related political situation in transboundary river basins, especially in arid regions (Wolf, 1998; 38 

Takahashi et al., 2013; Zeitoun et al., 2013; Zhupankhan et al., 2017; Chen et al., 2018). 39 

Due to the prolonged periodmany years of inappropriate management of its transboundary waters, Central Asia (CA) is 40 

currently experiencing major contradictions between water supply and demand (Libert and Lipponen, 2012; Li et al., 2020). 41 

Most of the region’s surface water resources originate in the mountains of the upstream countries (Tajikistan and 42 

Kyrgyzstan), while its agricultural areas are primarily located in the downstream countries (Turkmenistan, Kazakhstan, and 43 

Uzbekistan). This spatiotemporal dislocation of water and land resources has aggravated the complexity of water allocation 44 

(Rahaman, 2012; Wang et al., 2020a). Meanwhile, following the collapse of the Soviet Union in 1991, the original 45 

hydropower allocation systems have become invalid, and political disputes have intensified because of the rise in 46 

competitive water demands for irrigation independence in downstream countries and energy independence in upstream 47 

countries (Chatalova et al., 2017). Water resources have thus become the key to the security and stability of CA (Bernauer 48 

and Siegfried, 2012; Karthe et al., 2015; Xu, 2017). The Central Asia Human Development Report by UNDP RBEC also 49 

pointed out that: “the benefits from efficient use of water and energy resources could generate a regional economy twice as 50 

large and well-off 10 years from now”. Moreover, researchers contend that the degree of matching between water and 51 

socioeconomic development is significant to CA’s water politics. The Gini coefficient is an effective method for measuring 52 

the matching and inequality between water resources and agricultural land (Hanjra et al., 2009; Hu et al., 2016; Yu et al., 53 

2016; Liu et al., 2018; Qin et al., 2020), the status of yield inequality (Sadras and Bongiovanni, 2004; Kisekka et al., 2017), 54 

and the irrationality of land use structures (Zheng et al., 2013; Yan et al., 2016). 55 

The water politics of transboundary rivers are emerging as a compelling research field in social hydrology (Wolf, 2007; 56 

Cabrera et al., 2013; Soliev et al., 2015). Some scholars have made comprehensive evaluations of water politics based on a 57 

variety of models (Wolf et al., 2003; Rai et al., 2014; Wang et al., 2015). For example, Rai et al. (2017) assessed the 58 

opportunity and risk of water-related cooperation in three major transboundary river basins in South Asia based on the fuzzy 59 

comprehensive evaluation model., while oOther scholars have analyzed water politics from a historical-political perspective 60 

(Mollinga, 2001; Wegerich, 2008; Link et al., 2016). In addition, water conflictive and cooperative events are key variables 61 

for characterizing the overall state of water politics in a region. The Transboundary Freshwater Dispute Database (TFDD), 62 

established by researchers at Oregon State University (Wolf, 1999Yoffe et al., 2004), includes the water-related conflictive 63 

and cooperative events between two or more countries in transboundary river basins around the world. The TFDD has been 64 
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widely used for water political analysis in the past few decades (Yoffe et al., 2003; Giordano et al., 2014; Gunasekara et al., 65 

2014; McCracken and Wolf, 2019). Based on the TFDD database, Giordano and Wolf (2002) selected three case areas – the 66 

South Asia, Middle East and Southern Africa – to evaluate the connections between internal and external interactions over 67 

freshwater resources, and they found that water-related events and scales usually had different complexity and spatial 68 

variations due to specific historical and political conditions. Eidem et al. (2012) used the TFDD to analyze the characteristics 69 

of water politics in the Oregon and Upper Colorado Region of the western United States, and found that cooperation was 70 

more common than conflict in the domestic environment. However, the TFDD database has rarely been applied in the 71 

investigation of water politics in CA, where water is critical to regional stability. Furthermore, since most of the events 72 

recorded in the TFDD occurred prior to 2008, the study of the currentlatest water political situation in CA would require 73 

additional data sources. 74 

At present, related research in CA mainly focuses on the management and allocation of water resources, either sub-75 

regionally or across the entire region (Schlueter et al., 2013; Mazhikeyev et al., 2015; Chen et al., 2017). Sorg et al. (2014) 76 

analyzed the impact of climate change and socio-political development on water distribution in the Syr River Basin, they 77 

suggested that reservoirs could partially replace glaciers as water redistributors in the future. Pak et al. (2013) investigated 78 

the history of water allocation mechanisms and agreements on water sharing in the Isfara Basin, and highlightedhighlighting 79 

that the implementation of water-sharing agreements was hindered by limited technical capabilities. ConsideringTaking 80 

Uzbekistan as a case studyan example, Abdullaev and Rakhmatullaev (2013) analyzed the transformation of water resource 81 

management in CA and concluded that the hydraulic mission has been transformed into different types of control over water 82 

management. More recently, Chang et al. (2018) explored the political risks of Central Asian countries based on the political 83 

risk assessment model, and discovered that there were emergent opportunities in the region as well as political risks. 84 

However, there is yet a lack of comprehensive research about on changes in the water politics of CA from the perspective of 85 

water-related political events in conjunction with the situation of water and socio-economic development. Therefore, in this 86 

work, we evaluate the matching degree between water resources and socio-economic elements in CA. In so doing, we reveal 87 

the changing policies and institutional structures of water management, and then further explore the dynamics of water 88 

politics in CA’s transboundary river basins through Social Network Analysis. Our research informs the scientific 89 

management of water resources by policymakers and provides suggestions for more effective cooperation between Central 90 

Asian countries that can eventually be applied internationally. 91 

2 Material and methods 92 

2.1 Study area and its transboundary rivers in CA 93 

Central Asia is located in the center of Eurasia and covers a total area of 400.17×104 km2 (Fig. 1). The CA region borders 94 

Russia to the west and north, China to the east, and Afghanistan and Iran to the south (Wang et al., 2020a). There are many 95 
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transboundary inland rivers in CA that originating in the upper Pamirs and Tianshan Mountains (Tab.1), and mainly supplied 96 

by snowmelt and , glaciers and precipitation. The Amu Darya River, with the largest annual runoff in CA (564.00×108 m3), 97 

is sourced from the Pamir Plateau, crosses Afghanistan, Tajikistan, Kyrgyzstan, Turkmenistan, and Uzbekistan, where it 98 

enters the Aral Sea. The Syr Darya River is the longest in CA, with a length of 3,019.00 km. It originates in the Tianshan 99 

Mountains and passes through Kyrgyzstan, Uzbekistan, Tajikistan, and Kazakhstan before emptying into the Aral Sea (Olli, 100 

2014). 101 

2.2 Data 102 

Hydrological data on the transboundary rivers of CA are obtained from the United Nations Economic Commission for 103 

Europe (http://www.unece.org/env/water/). Data on water consumption and water volume in Central Asian reservoirs are 104 

obtained from the United Nations Statistics Division (https://unstats.un.org/unsd/envstats/qindicators.cshtml), the Food and 105 

Agriculture Organization of the United Nations (http://www.fao.org/nr/water/aquastat/data/query/index), the United Nations 106 

Data Retrieval System (http://data.un.org/), and the Portal of Knowledge for Water and Environmental Issues in Central Asia 107 

(http://www.cawater-info.net/). The population, GDP, and cropland area data for the five Central Asian countries are 108 

obtained from the World Bank (https://data.worldbank.org/country). Relevant data on water political events in CA from 109 

1951 to 2008 are obtained from the Transboundary Freshwater Dispute Database 110 

(https://transboundarywaters.science.oregonstate.edu/),while data on water political events from 2009 to 2018 were mainly 111 

obtained from the World Water Conflict Chronology (https://www.worldwater.org/water-conflict/) and the Interstate 112 

Commission for Water Coordination of Central Asia (http://www.icwc-aral.uz/events.htm). The aforementioned TFDD 113 

records a total of 6,790 events and divides them into 15 risk scales, distributed between -7 and 7. Positive values represent 114 

cooperation, negative values represent conflict, and zero signifies neutrality. The TFDD database also records the themes of 115 

the water-related events (Yoffe et al., 2004; Eidem et al., 2012). The intensity and classification criteria of these events are 116 

shown in Fig. 2. 117 

Since the TFDD database only documents events of water conflict and cooperation during the 1951-2008 period, for the 118 

2009-2018 period, we used water conflictive events from the Water Conflict Chronology (WCC) database and water 119 

cooperative events from the Interstate Commission for Water Coordination of Central Asia (ICWCCA) database. The WCC 120 

is a detailed interactive online database that contains global conflicts over freshwater resources 121 

(https://www.worldwater.org/water-conflict/) (Gleick and Heberger, 2014). The WCC data can be retrieved and filtered 122 

according to time, location and subject, and the data on water conflict in CA cover the period during 1990-2018. To verify 123 

the consistency of conflictive events between TFDD and WCC, we compared the conflictive events registered in the two 124 

databases for their common timespan (1990-2008). The events concurred with each other (Fig. 3a), confirming that the 125 

conflictive events obtained by combining the TFDD and WCC databases were reliable.  126 

http://www.unece.org/env/water/
https://unstats.un.org/unsd/envstats/qindicators.cshtml
https://www.worldwater.org/water-conflict/
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The ICWCCA is a joint committee established and authorized by the heads of the five Central Asian countries 127 

(http://www.icwc-aral.uz/), which is responsible for making binding decisions on issues related to water distribution and 128 

utilization in the transboundary river basins of CA (Rahaman, 2012). It contains comprehensive records of water cooperative 129 

events, such as conferences and agreements on transboundary rivers in CA, from 2000 onwards. The TFDD and ICWCCA 130 

datasets indicated similar trends of water cooperative events during the 2000-2008 period, the common timespan of the two 131 

datasets (Fig. 3b), confirming that the cooperative events obtained by merging the TFDD and ICWCCA databases were also 132 

reliable. The level of the complementary conflictive/cooperative events from the complementary databases (WCC, ICWCCA) 133 

was classified according to the criteria used for the classification of water political events in TFDD (Fig. 2). 134 

2.3 Methods 135 

2.3.1 Gini coefficient 136 

The Gini coefficient is an economic index proposed by the Italian economist Corrado Gini to quantify the inequality of 137 

income distribution (Shlomo, 1979). The distribution of water resources is uneven in the region, which directly affects the 138 

agricultural production and economic development, and it is similar to the income distribution inequality. For this reason, the 139 

Gini coefficient has been used as an effective indicator of the degree of imbalance in water resources between countries or 140 

regions (e.g., South Africa, Cole et al., 2018; India, Malakar et al., 2018; the Sanjiang Plain in China, Yan et al., 2016; the 141 

Lake Dianchi Basin in China, Dai et al., 2018), and we use the Gini coefficient in this study to quantify the overall matching 142 

between water and socio-economic factors in CA. In this study, we employ it to evaluate the matching degree of water 143 

resources and socio-economic elements in CA.  144 

The value of the Gini coefficient ranges between 0 and 1. The closer it is to 1, the lower the degree of matching, and the 145 

higher the likelihood of competition for water resources in the region, so the greater the possibility of water conflictive 146 

events; conversely, the closer it is to 0, the higher the degree of matching, and the lower the possibility of water conflictive 147 

events in the region.the more balanced the distribution, while the closer it is to 1, the more unbalanced the distribution. The 148 

Gini coefficient is applicable to all five Central Asian countries, and the level of impact is assumed to be the consistent. In 149 

general, a Gini coefficient value of 0.4 is an internationally recognized “warning line” for resource distribution gaps (Dai et 150 

al., 2018). The Gini coefficient can be calculated as follows: 151 

G= 1- 
=

−− +−
n

1i

11 )y)(( iiii yxx                                                                        (1) 152 

where G represents the Gini coefficient, n represents the number of countries (in this study, n = 5), xi represents the 153 

cumulative percentage of water consumption in the i-th country, and yi represents the cumulative percentage of each socio-154 

economic element, such that when i = 1, (xi-1, yi-1) = (0, 0). The United Nations criteria for dividing the Gini coefficient are 155 

shown in Tab. 2. The threshold values of the Gini coefficient are presented in Tab. 2. These thresholds are widely 156 
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acknowledged to be effective in classifying the matching degree between water resources and socio-economic development 157 

in many regions with small samples (Yan et al., 2016; Liu et al., 2018).  158 

2.3.2 Matching coefficient of water and land resources 159 

As the Gini coefficient cannot reflect spatial variations between countries, we use the matching coefficient of water and land 160 

resources to represent the individual matching degree of the five countries. The matching coefficient of water and land 161 

resources reflect the quantitative relationship between available water resources and cropland. The larger the value of the 162 

coefficient, the better the matching degree between water and cultivated land resources (Zhang et al., 2018). The matching 163 

coefficient in the five Central Asian countries is calculated following Eq. (2): 164 

Mi = Qi × αi / Si                                                                                          (2)                                                                                                                                                                                   165 

where Mi is the matching coefficient of water and land resources in the i-th country, Qi is the amount of available water 166 

resources in the i-th country, αi is the percentage of agricultural water consumption in the i-th country, and Si is the arable 167 

land area in the i-th country (Liu et al., 2018). 168 

2.3.3 Social Network Analysis 169 

Social Network Analysis (SNA) is an effective method for describing the morphology, characteristics and structure of a 170 

network (Yuan et al., 2018). It employs graph theory and algebraic models to express various relational patterns and analyze 171 

the impact of these patterns on the members of a network and the entire network. The SNA method has been widely applied 172 

in sociology, geography, information science, and other areas (Hoppe and Reinelt, 2010; Tsekeris and Geroliminis, 2013). 173 

Here, we use SNA, in combination with the common metrics of network density and degree centrality, to identify the 174 

characteristics of water-related conflictive and cooperative networks in CA. The network comprises all the countries that are 175 

involved in water political events over CA’s transboundary rivers. In addition to the five Central Asian countries, the 176 

network includes any other country that cooperates or clashes with Central Asian countries over water resources. 177 

The network density quantifies the degree of connection between each node. Its value ranges between 0 and 1, and the higher 178 

the number of contacts, the higher the network density value. The network density is calculated following Eq. (3): 179 

D= 
∑ ∑ 𝑑(𝑛𝑖,𝑛𝑗)

𝑘
𝑗=1

𝑘
𝑖=1

𝑘(𝑘−1)
                                                                                  (3)                                                                                                                                            180 

where D is the network density, k is the number of nodes (here, the number of countries), and d (𝑛𝑖 , 𝑛𝑗) represents the 181 

relational quantity between nodes ni and nj. 182 

The degree centrality of a node measures how central this node is to the network; the higher the degree centrality of a node, 183 

the stronger its direct interconnection with other nodes, and the more significant (central) its position within the network. 184 

The degree centrality is calculated following Eq. (4): 185 

𝐶𝐷(𝑛𝑖) = ∑ 𝑋𝑗𝑖
𝑛
𝑗=1                                                                                    (4)                                                                                                                                        186 
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where CD (𝑛𝑖) denotes the degree centrality of node ni, n represents the number of nodes, and Xji represents the connection 187 

between nodes ni and nj. If a connection exists between the two nodes, Xji = 1; otherwise, Xji = 0 (Jin et al., 2010). 188 

3 Results 189 

3.1 Matching degree between water resources and socio-economic elements in CA 190 

3.1.1 Changing trends in the inflow and outflow of large storage facilities 191 

Large reservoirs and dams occupy a key position in the water infrastructure management of CA and are vital to the 192 

economies of all five countries. More than 290 reservoirs with a total storage capacity of 163.19 km3 exist in CA. The water 193 

contained in reservoirs is the primary freshwater resource in the region’s transboundary river basins, and the changing trends 194 

in the inflow and outflow of large reservoirs reflect the dynamics and utilization of available water resources in CA. Humans 195 

play a leading role in the operational regulation and control of these reservoirs, and there is a competitive water use between 196 

power generation in upstream countries and agricultural irrigation in downstream countries. Therefore, the allocation of the 197 

water resources in reservoirs is a key factor influencing water conflicts and cooperation in the transboundary river basins of 198 

CA. 199 

Central Asia is one of the oldest irrigated areas in the world. In the modern age, numerous reservoirs and dams were built in 200 

CA for irrigation purposes during and after the Soviet era. As a result, the natural runoff process of rivers has been disturbed 201 

by humans and the flow pattern has changed dramatically (Karthe et al., 2015). More than 290 reservoirs with a total storage 202 

capacity of 163.19 km3 have been built in CA. In addition to irrigation, hydropower by dams accounts for up to 98% and 203 

91% of total electricity supplies in Tajikistan and Kyrgyzstan, respectively (Zhupankhan et al., 2017). In general, the 204 

downstream countries have pursued irrigation independence, while the upstream countries have pursued energy 205 

independence. 206 

In the Syr Darya River Basin, the five most significant reservoirs are the Toktogur, Andijan, Charvak, Karakum, and 207 

Shardarya reservoirs. Of these, the Toktogur, Andijan, and Charvak reservoirs are located in the upstream region, whereas 208 

the other two are situated downstream. The Toktogur reservoir is the largest reservoir in the Aral Sea Basin, with average 209 

recorded inflow and release rates of 14.16 and 13.24 km3/a, respectively during the 2010-2017 period (Fig. 34), and the flow 210 

of the Naryn River is controlled by it. The amount of water released from the Toktogur reservoir has remained relatively 211 

stable over the years, but the inflow first decreased and then increased from 2010 to 2017. The Andijan reservoir is located 212 

on the Kara Darya River, in the upper reaches of the Fergana Valley (an agricultural area of regional importance). From 213 

2010 to 2017, the Andijan reservoir received an average inflow of 4.82 km3/a, primarily from alpine rivers. The average 214 

outflow recorded was 5.34 km3/a, and most of the released water was used for crop irrigation in the Fergana Valley.The 215 

Andijan reservoir is located on the Kara Darya River in the Fergana Valley. The average release of water (5.34 km3/a) in this 216 

reservoir exceeds the inflow (4.82 km3/a). Since the Fergana Valley is an important agricultural region in CA, a lot of water 217 
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released from reservoirs is consumed for crop irrigation. The average inflow and outflow of the Charvak Reservoir were 7.53 218 

and 7.11 km3/a, respectively; both increased from 2010 to 2017. The water storage in the Karakum and Shardarya reservoirs, 219 

in the lower reaches of the Syr Darya River, is greatly impacted by upstream reservoirs. The average inflow of the Karakum 220 

reservoir was 20.89 km3/a and the outflow was 20.33 km3/a. And the Shardarya reservoir, with the average inflow of 19.03 221 

km3/a and the outflow of 18.75 km3/a.  222 

In the Amu Darya River Basin, the Nurek and Tuyuan reservoirs provides the main water storage facilities and are located in 223 

the upper and middle reaches of the basin, respectively. The Nurek reservoir (completed in 1979), on the Vakhsh River, is 224 

the second largest reservoir in the Aral Sea Basin. From 2009 to 2018, the average inflow of the Nurek reservoir was 21.07 225 

km3/a and the outflow was 20.64 km3/a, both the inflow and outflow of the reservoir shown an increasing trend. Similar to 226 

the Nurek reservoir, the inflow and outflow of the Tuyuan reservoir also increased during that periodin recent years. 227 

Additionally, most dams and reservoirs in CA are aging and lack of adequate maintenance, or even with insufficient funds to 228 

maintain normal operation. This situation, coupled with the increasing population in the floodplain downstream, significantly 229 

increases the water resource risk in the region. One outcome of this risk was the 2010 flooding in Kazakhstan, caused by the 230 

collapse of the Kyzyl-Agash Dam (Libert and Lipponen, 2012). In general, the upgrading of water and energy facilities is 231 

one of the most contentious issues for the five Central Asian states and poses significant challenges to water management in 232 

CA. 233 

3.1.2 Spatiotemporal matching between water resources and socio-economic elements 234 

The matching degree between water resources and socio-economic elements in CA is quite diverse. As shown in Fig. 45, 235 

during the 1997-2016 period, the matching between water resources and population was better than that between water 236 

resources and other socio-economic elements; the average Gini coefficient was 0.19, that is, below the “warning line” of 0.4. 237 

However, the matching degree deteriorated from “highly matched” to “relatively matched” between 1997 and 2016, with a 238 

significant increase in the Gini coefficient (surpassing the significance level of 0.05). The average Gini coefficient between 239 

water resources and GDP was 0.47 (relatively mismatched). This also increased significantly from 1997 to 2016 (p< 0.05), 240 

indicating that the matching degree was reduced on the whole. Specifically, the matching degree deteriorated from 241 

“reasonably matched” to “relatively mismatched” from 1997 to 2006, then reverted back to “reasonably matched” during 242 

2006-2016. These changes were primarily attributable to the great recession that affected Central Asian countries in the 243 

1990s, and deteriorated their socioeconomic conditions. At present, most Central Asian countries have not achieved a 244 

successful economic transformation. This condition causes immense instability across most of CA (Falkingham, 2005). The 245 

matching degree between water resources and cropland was the worst, with an average Gini coefficient of 0.61. This not 246 

only exceeded the “warning line” but placed this relationship in the “highly mismatched” category. Furthermore, The the 247 

matching degree deteriorated from 1997 to 2016, with the Gini coefficient increasing from 0.56 to 0.63. This indicates that 248 

the allocation of water and land resources in CA is severely imbalanced. 249 
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To further explore the matching between water and land resources, we obtained the change in the spatial matching between 250 

the available water resources and cropland in the five Central Asian countries (Fig. 56). Our findings indicate a large 251 

discrepancy in the matching coefficient of water and land resources between the upstream and downstream countries, with 252 

the matching degree being better in the former than in the latter. Tajikistan fared best, with an average matching coefficient 253 

of 2.61, followed by Kyrgyzstan (1.96). The matching coefficients of the downstream countries were 1.30 for Turkmenistan, 254 

1.02 for Uzbekistan, and 0.29 for Kazakhstan. Compared with 1997, the matching degree between water and land resources 255 

in Turkmenistan had deteriorated significantly by 2016. However, in the same period, matching improved in the other four 256 

countries, with Kyrgyzstan exhibiting the greatest progress (an increase in the matching coefficient by 0.52). Therefore, from 257 

these matching degrees, we can see that the quantity of water resources was not the causation of water contradictions in CA. 258 

Rather, the issues stemmed from the uneven allocation and utilization of water resources among these five countries.  259 

In fact, the amount of water resources in CA is relatively abundant, which equals to 3688.80 m3 per capita and is more than 260 

many regions of the world (e.g.,1148.00 m3 per capita in India, 1989.33 m3 per capita in China, and 3355.33 m3 per capita in 261 

Japan). The distribution of water resources among the Central Asian countries, however, is extremely uneven. Kazakhstan 262 

has the largest amount of water resources (643.50×108 m3), followed by the upstream countries of Tajikistan and Kyrgyzstan 263 

(634.60×108 m3 and 489.30×108 m3, respectively). While the downstream countries, Uzbekistan and Turkmenistan, have 264 

scarce water resource (163.40×108 m3 and 14.05×108 m3, respectively) (Wang et al., 2020a). Therefore, the water 265 

contradictions in CA are not straightly caused by the shortage of total water quantity. Rather, from the above analysis, the 266 

issues could be attributed to the uneven allocation water resources and the mismatch between water and land resources 267 

among the Central Asian countries (Chen et al., 2018).  268 

3.2 Changes in policies and the institutional structures of water management in CA 269 

Water management policies and institutions in CA have undergone a series of changes over the past 70 years. The former 270 

Soviet Union (1922-1991) carried out large-scale land reclamation to increase agricultural production in CA, with water 271 

resources being managed by the central government in Moscow. The government established the principle of division of 272 

labor and implemented water quotas and compensation systems for losses, with the main goal of achieving maximum 273 

economic output (Dinar, 2012). Kyrgyzstan and Tajikistan, in the mountainous upper reaches of the regional rivers, have 274 

abundant water resources and favorable terrain suitable for reservoirs and hydropower energy development. Accordingly, 275 

those these two countries undertook the task to supply water and power to Uzbekistan, Turkmenistan and Kazakhstan in the 276 

rivers’ middle and lower reaches. The downstream countries have abundant light and heat resources, favorable for large-277 

scale irrigation agriculture. These countries provided agricultural, industrial, and energy products to Kyrgyzstan and 278 

Tajikistan (Micklin, 1988; Qadir et al., 2009). The upstream and downstream countries thus maintained a balance of interests 279 

under the joint management of the Soviet Union.  280 
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After the collapse of the Soviet Union in 1991, the five newly-independent countries disagreed with the previous allocation 281 

of water for irrigation and power generation to a great extent (Kai et al., 2015). Therefore, the countries signed a series of 282 

treaties and established new institutions for the reallocation and management of water resources in the region’s 283 

transboundary rivers. The evolution of the water management structures in CA is shown in Fig. 67. In February 1992, the 284 

Interstate Commission on Water Coordination (ICWC) was established in “agreement on cooperation in joint management, 285 

use and protection of water resources of inter-state sources”, which was responsible for determining the water releasing 286 

mechanism of reservoirs and allocation of water resources in the Amu and Syr Darya river basins. In 1993, the countries 287 

established the International Fund for Saving the Aral Sea (IFAS) to meet environmental and ecological challenges in the 288 

Aral Sea Basin and realize the sustainable development of the region. In addition, the Inter-State Commission on Sustainable 289 

Development (ICSD) was established in an “agreement on joint action to address the problem of the Aral Sea and 290 

surrounding areas, environmental improvement and ensuring socio-economic development of the Aral Sea region” in 1993. 291 

The ICSD essentially managed the socio-economic activities and ecological environment of the Aral Sea Basin. Then, during 292 

the reorganization of the institutions in 1997, both the ICWC and ICSD became a part of the IFAS.  293 

For domestic water management, each of the five Central Asian nations established specialized departments. Water 294 

resources in Kyrgyzstan have been managed by the Ministry of Emergency Situations since 2005, . and Tajikistan followed 295 

Kyrgyzstan’s model of water resource management, and established the Ministry of Energy and Water Resources in 2013. 296 

However, Tajikistan and Kyrgyzstan are the two poorest countries in CA, . Owing to economic shortfallsand because of their 297 

economic shortfalls, many water policies in these two countries are difficult to implement. Moreover, water policies in these 298 

two countries have always been linked to poverty reduction and economic benefits, so their focus differs from that of water 299 

policies in the other three Central Asian countries (Yuldashev and Sahin, 2016). 300 

Kazakhstan assigned the authority for water management successively to the ministries of Agriculture (2002), 301 

Environmental Protection (2012), and Energy (2014). In 2019, Kazakhstan established the Ministry of Ecology, Geology and 302 

Natural Resources to manage water. Meanwhile, Both Uzbekistan and Turkmenistan have both previously established 303 

ministries of Agriculture and Water Resources, but the management of water resources was later segregated from that of 304 

agriculture. Specifically, Uzbekistan established the Ministry of Emergency Situations in 2017, and Turkmenistan 305 

established the National Water Commission in 2019. In terms of water fees, Turkmenistan has implemented a free water 306 

policy, while the other four countries founded the Water Users Association (WUA) to provide financial subsidies for 307 

irrigation water. Additionally, Uzbekistan has a higher capacity to implement policies for the protection of land resources 308 

and the upgrading of irrigation facilities. 309 
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3.3 Dynamics of water political events in the transboundary river basins of CA 310 

3.3.1 Changing trends of water conflictive and cooperative events 311 

From 1951 to 2018, a total of 591 water political events occurred in the transboundary river basins of CA, including 53 312 

conflictive events, 528 cooperative events, and 10 neutral events (Fig. 78). The number of cooperative events accounted for 313 

89.34% of all water political events, which far exceeded the number of conflictive events, indicating that cooperation 314 

occurred more frequently than conflict. Over the past 70 years, the number of water political events increased slightly, with 315 

the change occurring at three main stages. From 1951 to 1991 (P1: the Soviet Union), water political events decreased 316 

slightly and their range of fluctuation was stable. Then, in the first decade after the collapse of the Soviet Union (P2, during 317 

1991-2001), water political events increased rapidly and then declined. At first, from 1991 onwards, water events increased 318 

dramatically, reaching their highest number (77) in 1997. This was likely due to the countries being eager to explore water 319 

policies suitable for the post-Soviet era, and because of this exploration, cooperation between the countries was occasionally 320 

marred by short-term conflicts. Then, from 1997 to 2001, the number of water events declined rapidly. From 2001 to 2018 321 

(P3), the change in water events gradually stabilized again.  322 

3.3.2 Spatial variations in water conflictive and cooperative events 323 

There were prominentobvious differences in the water political events in various transboundary river basins in CA (Fig. 89). 324 

As a hydropolitically active regionhot spot in water politics, the Aral Sea Basin had the largest number of events (261), 325 

accounting for 44.16% of all water political events in CA during the 1951-2018 period. The Aral Sea Basin was also the site 326 

of the most water conflicts (24 conflictive events). The major water-related issues in the basin included the distribution and 327 

management of water resources in the Syr and Amu Darya rivers and the construction of large reservoirs. During the same 328 

time frame, there were 18 water political events in the Ob River Basin, which is shared by Kazakhstan, Russia, and China. 329 

The main themes underlying these events were water quantity and hydropower. In the basin of the Ili River, which rises from 330 

the Khan Tengri Peak on the Tianshan Mountains, crosses China and Kazakhstan, and flows into the Balkhash Lake, 13 331 

water political events occurred, of which 12 were cooperative events. The main themes of these events were water 332 

distribution and navigation. As well, there were 10 water political events (all cooperative) in the Tarim River Basin (a 333 

transboundary river basin among China, Kyrgyzstan, etc, according to TFDD), there were 10 water events in the Tarim River 334 

Basin (all cooperative), with water quantity being the major theme. Finally, only three water political events were recorded 335 

in the Ural River Basin, which flows through Russia and Kazakhstan to the Caspian Sea. 336 

3.3.3 Network building of water conflictive and cooperative events between CA and other countries 337 

In the Soviet Union, the water conflictive network spread across neighboring countries, with the Soviet Union at as the its 338 

core. The network extended to Europe, Asia, Africa, South America, and North America (Fig. 9a10a), at a density of 0.20 339 

(Tab. 3). The country that had the most frequent water conflicts with the Soviet Union was Egypt (6 events), followed by the 340 
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United States and China (5 events). However, few conflicts erupted between Kyrgyzstan, Tajikistan and Uzbekistan within 341 

the Soviet Union. The disintegration of the Soviet Union had a substantial impact on the water political structure in CA, and 342 

the water conflictive network became restructured in a crisscross pattern from 1992 to 2018, with the five Central Asian 343 

countries at itsas the core (Fig. 9b10b). Moreover, since 1992, the network density increased to 0.38, indicating an increase 344 

in conflictive intensity. In terms of degree centrality (Tab. 4), Uzbekistan, with a centrality of 6, was at the core of the water 345 

conflictive network, followed by Kazakhstan and Tajikistan, with a degree centrality of 5 and 4, respectively. The most 346 

frequent water conflicts were between Kyrgyzstan and Uzbekistan (9 conflictive events). This is mainly because these two 347 

countries border each other and share the Syr and Amu Darya rivers, a situation that intensifies competition for water 348 

resources. Furthermore, the matches of land and water resources in the two countries are quite different, which in itself 349 

foments conflicts. There were 7 water-related conflictive events between Kyrgyzstan and Tajikistan, 6 between Kazakhstan 350 

and Kyrgyzstan, and 3 between Tajikistan and Turkmenistan. The neighboring countries that conflicted with Central Asian 351 

countries over water primarily involved Russia, Azerbaijan, and China, with most of the conflictive events (6) occurring 352 

between Russia and CA (Kazakhstan and Russia: 4, Tajikistan and Russia: 2). Overall, there were three water conflictive 353 

events between Central Asian countries and China.  354 

The networks of water cooperation were more complex than those of water conflict. Moreover, the scope of water 355 

cooperation in the former Soviet Union was very wide, linking 32 countries across six continents (Asia, Europe, Africa, 356 

Oceania, North America, and South America) (Fig. 9c10c). Although these networks centered on the Soviet Union and 357 

radiated outward, the network density was small (only 0.06). Most of the water cooperative events involving CA were linked 358 

to Egypt (41 events), followed by Iran (32 events), and China (22 events).  359 

From 1992 to 2018, the scope of water cooperation became more concentrated (Fig. 9d10d). Simultaneously, the intensity of 360 

cooperation greatly increased and the networks grew denser (density up to 0.42). Overall, Kazakhstan showed the highest 361 

degree centrality (15), indicating that it played the most prominent role in the cooperative network and engaged in the most 362 

frequent cooperation over water with other countries. Both Turkmenistan and Uzbekistan cooperated less frequently with 363 

other countries (a degree centrality of 12). Cooperation was mainly distributed among the five Central Asian countries, and 364 

water-related events between them were far more frequent than those between Central Asian and extra-regional countries. 365 

Specifically, most of the water cooperative events in CA were between Kazakhstan and Kyrgyzstan (280 events), followed 366 

by those between Kazakhstan and Tajikistan, and Kyrgyzstan and Tajikistan (260 events each). Meanwhile, CA cooperated 367 

over water with 12 countries around the world – more intensively with its western neighbors, such as Russia and Ukraine. 368 

Russia has a very significant relationship with CA for historical reasons, and it is also the key trading partner of CA (Cooley, 369 

2009). The eastern neighboring country that CA cooperated with the most was China. Other than Turkmenistan, all the other 370 

four Central Asian countries cooperated with China over water, with a total of 29 cooperative events.  371 
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3.3.4 Intensity and themes of water conflictive and cooperative events 372 

Fig. 10a 11a depicts the distribution of levels indifferent degrees of water political events, the green bars indicate cooperative 373 

events (graded from level 1 to 7), the orange bars indicate conflictive events (graded from level -1 to -7), and the white bar 374 

indicates neutral events (level 0). Water cooperative events occurred at all levels except level 7. Most of the water 375 

cooperative events (152 events, accounting for 28.79% of all cooperative events) occurred at level 4 (non-military 376 

agreement). These were followed by level 1 (135 events), accounting for 25.57% of all cooperative events. Level 5 had the 377 

lowest events (6), accounting for just 1.14% of the total. In general, low-level water cooperation was predominant in CA, 378 

with less frequent cooperation at higherdeeper levels. 379 

Water conflictive events occurred at all levels except levels -7 and -6. Most conflictive events (15 events, accounting for 380 

28.30% of all conflictive events) were level -2 (strong/official verbal hostility). Level -4 conflictive events were the least 381 

frequent, accounting for only 7.55% of all water conflictive events. These data suggest that water conflicts in CA were 382 

predominantly low-level, mainly restricted to official or unofficial verbal hostility, without any higher-level conflict. These 383 

reasonably good relations between the Central Asian countries indicated a good foundation for deeper cooperation in the 384 

future.  385 

Water political events in CA involved a variety of themes. In water conflictive events, water quantity was the most common 386 

theme, accounting for 42.00% of all themes in conflictive events (Fig. 11a12a). Due to a lack of communication and trust, 387 

the allocation of water quantity in the region’s transboundary rivers was the primary cause of water conflicts in CA, 388 

especially between upstream and downstream countries. The second most dominant theme of conflictive events was 389 

infrastructure and development (26.00% of all conflictive events), which included infrastructure construction and 390 

development of projects, such as reservoirs, dams and canals. The construction of water infrastructures – especially of large 391 

reservoirs and dams (Section 3.1.1) – is a controversial issue in CA, since it has a direct and far-reaching effect on the 392 

availability of water in each Central Asian country. In addition, the seasonality of water conflictive events differed between 393 

the Central Asian countries (Fig. 10b11b); most water conflictive events occurred in January (9 events), followed by July (8 394 

events). In general, water conflicts occurred more frequently in summer and winter (33.96% and 26.42% of all water 395 

conflictive events, respectively), when the water demand for irrigation and hydropower was at its highest. 396 

Different from water conflicts, joint management was the major theme of water cooperation (Fig. 11b12b), accounting for 397 

31.12% of all cooperative events. Central Asian countries have formulated many measures for the joint management of 398 

transboundary rivers, as a means for resolving disagreements and conflicts over water allocation. The theme of joint 399 

management was followed by that of infrastructure and development (17.22% of all cooperative events), and water quantity 400 

(14.73% of all cooperative events). Water quality, which mainly included environmental concerns, accounted for 11.62% of 401 

all cooperative events. Flood control/relief (0.57%) and economic development (0.19%) accounted for lowest proportion of 402 

water cooperative events. 403 
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4 Discussion 404 

The water resources of CA’s transboundary rivers underwent a unified distribution during the former Soviet Union, and 405 

separate management by the five Central Asian countries after its collapseand negotiated management successively., 406 

Consequently, sowater politics in CA have changed dramatically. Our study indicated thatIn our study, the water political 407 

pattern in CA was dominated by water cooperation, with water conflictive events accounting for only 8.97% of all water-408 

related events. This spread is basically consistent with the overall water political trend in the global transboundary river 409 

basins. Wolf et al. (2003) found that over 2/3 of the global water political events were cooperative, while less than 1/3 were 410 

categorized as conflicts, and most of the latter were “mild”. However, we have further found that although water cooperation 411 

in CA had clear advantages, the level of this cooperation has been predominantly low (especially between the five Central 412 

Asian countries), indicating that the achievements of cooperation in CA are not obvious. Furthermore, the impacts of climate 413 

change, population growth, and the degradation of water and land resources have worsened the matching between water and 414 

socioeconomic development, thus intensifying the competition over water resources between the Central Asian countries. 415 

In terms of water management policies, although the Central Asian countries have experienced reform and innovation, the 416 

current mechanisms still have some drawbacks. The first of these is that the five countries have separately dividedallocated 417 

the management of their water into specialdifferent departments, but there was no effective connection mechanism among 418 

the countries, resulting in a low cooperative efficiency. Secondly, the currentexisting water policies mostly targeted surface 419 

water resources (e.g., transboundary rivers) while showing a lack of effective unified management and planning of 420 

groundwater (Fang et al., 2015; 2018). Moreover, although IFAS has been an effective organization to save the Aral Sea, it 421 

is beset with institutional weaknesses. For instance, there has been a consistently low level of information exchange between 422 

IFAS and its subordinate organizations (ICWC and ICSD) (Janusz-Pawletta, 2015), and the focus of the policies formulated 423 

by each of the IFAS member countries has been quite different. 424 

Among CA’s transboundary river basins, the Aral Sea Basin has faced the most serious water crisis and most complex water 425 

politics, so many studies thus far have focused on the water-related issues in the Aral Sea (Micklin, 2010; Shi et al., 2014; 426 

Zhang et al., 2019). In fact, the dramatic retreat of lake volume and degradation of aquatic ecosystem have made the Aral 427 

Sea a world-renowned “Ecological Disaster Area” (Wang et al., 2020b). According to our study, there were 24 water 428 

conflictive events in the Aral Sea Basin, accounting for 45.28% of the total conflictive events in CA. Within the basin, the 429 

Ferghana Valley, located at the border of Uzbekistan, Tajikistan and Kyrgyzstan, is particularly prone to water conflicts due 430 

to complex ethnic issues and the competition for water and arable land. For example, in 1990, an outbreak of violence over 431 

water competition in the Kyrgyzstan town of Osh, on the border of Uzbekistan, resulted in 300 casualties. Megoran (2004) 432 

indicated that the dispute in the Ferghana Valley facilitated the consolidation of the authoritarian regime in Uzbekistan, and 433 

also provided opportunities for anti-minority propaganda in Kyrgyzstan. In addition, there have been numerous conflicts 434 

between upstream and downstream countries over water-energy exchange in the Aral Sea Basin. For instance, the Parliament 435 

of Kyrgyzstan passed a law that classified water as a commodity in June 2001, and announced that downstream countries 436 
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had to be charged for water from that point onward. In response, Uzbekistan cut off all deliveries of natural gas to 437 

Kyrgyzstan. In 2012, Uzbekistan also cut off natural gas deliveries to Tajikistan in response to the construction plan of the 438 

Rogun Dam in Tajikistan, which Uzbekistan said would disrupt its water suppliessupply. 439 

In contrast, water politics in the Ili River Basin was dominated by cooperation, with water cooperative events accounting for 440 

92% of all water-related events. Approximately 85% of the basin is located within Kazakhstan, with the rest 15% being in 441 

China (Zhupankhan et al., 2017). There have been 13 water political events in the Ili River Basin, 8 of which were related to 442 

China (China-Kazakhstan, China-Kyrgyzstan), and 7 of which were categorized as water cooperation. In fact, the overall 443 

level of cooperation has been relatively high in this region, focusing on the allocation of water quantity in the Ili River (Tab. 444 

5). Meanwhile, Duan et al. (2020) demonstrated that water flowing to Kazakhstan from the upper reaches of the Ili River in 445 

China increased from 1931 to 2013. These examples provide a positive reference for the cooperation and management of 446 

transboundary rivers in CA. 447 

From our findings, we draw the following implications for eliminating conflicts and strengthening future cooperation in the 448 

transboundary rivers of CA. Firstly, as both the Gini coefficient and the matching coefficient of water and land resources 449 

indicate, the matching between water and socio-economic elements (especially land resources) in CA is pretty poor. This 450 

mismatch increases the potential for water conflicts, and the primary concern of water conflictive events in CA is also the 451 

competitive utilization of water resources. Therefore, improving the water and land allocation systems and strengthening the 452 

water cooperative networks between countries will help reduce water conflicts and promote transboundary river management 453 

in the region. Secondly, although there are more water cooperative events than conflictive events in CA, the cooperation is 454 

mainly low-level based on our findings, and verbal supports (less effective) account for a large proportion (level 1-2) in the 455 

current situation. There should be more high-level cooperation among the five countries, such as the military, economic or 456 

strategic supports, and freshwater treaties. The successful management of transboundary rivers in CA depends on deepening 457 

the countries’ cooperation and trust. In addition, CA should make utilize the assistance of international and regional 458 

organizations, and enhance cooperation with its neighboring countries (such as Russia and China), as these neighboring 459 

countries are CA’s key trading partners and play an important role in water policy reform in the region. 460 

In general, to eliminate conflicts and strengthen cooperation in CA, the following approaches would be effective. First of all, 461 

the successful management of transboundary rivers in CA depends on enhancing the countries’ cooperation and trust (Libert 462 

and Lipponen, 2012; Janusz-Pawletta, 2015). Although there has already been a series of agreements on joint management of 463 

water resources, all of the countries essentially aimed to maintain their own interests rather than abide by the full terms of the 464 

agreements. Therefore, we suggest that CA learn from the water sharing agreement of the Senegal River Basin in West 465 

Africa (World Water Development Report 2003). In this seminal agreement, each riparian country must notify other 466 

countries before undertaking any project or measure that could affect the water availability of adjoining countries. Such an 467 

approach would reduce many unnecessary conflicts. Moreover, in future management agreement, the countries involved 468 

should not only focus on their own interests. Instead, they should work together to maximize the total benefits of 469 
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transboundary river basins, such as establishing common electricity and energy markets and addressing environmental issues 470 

jointly. 471 

Secondly, the making of water allocation policies should think more about the effect of climate change. Climate change has 472 

brought great uncertainty to water resources and has accelerated ecological deterioration, these issues will likely exacerbate 473 

future water conflicts, so more time-sensitive water allocation models must be adopted. In addition, the countries involved 474 

should consider making full use of the assistance of international and regional organizations (Wegerich, 2004). Relying 475 

solely on their own strength, the five Central Asian countries may suffer the same low cooperation efficiency they have 476 

experienced in the past. Therefore, they should actively seek financial and technical support from organizations such as the 477 

United Nations Development Programme (UNDP), the Shanghai Cooperation Organization (SCO), the Asian Development 478 

Bank (ADB), and others. Furthermore, CA should deepen its cooperation with neighboring countries such as China and 479 

Russia. 480 

5 Conclusions 481 

In this work, We we measured the matching degree between water and socio-economic elements and analyzed the dynamic 482 

changes of hydropolitics in CA’s transboundary river basins. The findings are as follows:. 483 

The average Gini coefficient indicated that, water resources are better matched with population than with other socio-484 

economic elements in CA (0.19; the smallest among the measured Gini coefficient values), while this match deteriorated 485 

from “highly matched” to “relatively matched” between 1997 and 2016. The average Gini coefficient between water and 486 

GDP was 0.47, indicating a “relatively mismatched”. The coefficient increased significantly during 1997-2016. The average 487 

Gini coefficient between water and cropland was the highest (0.61), indicating a “highly mismatched” relationship that 488 

deteriorated further during 1997-2016. Spatially, the matching coefficients of water and land resources in Turkmenistan 489 

(1.30), Uzbekistan (1.02) and Kazakhstan (0.29) were lower than two upstream countries (Kyrgyzstan and Tajikistan), 490 

indicating poor matching between water and land resources in the three downstream countries, and this mismatch in 491 

Turkmenistan has continuously worsened in recent years. Therefore, the imbalanced matching of water and land resources 492 

triggeredwas the spark that ignited various water-related political crises in CA.   493 

Overall, there were 591 water political events in CA, with cooperative and conflictive events accounting for 89.34% and 494 

8.97% of all events, respectively. The number of water events increased slightly from 1951 to 2018, with a rapid increase 495 

followed by decline during 1991-2001. The Aral Sea Basin experienced the most water-related events (261 events) in all 496 

CA’s transboundary river basins, along with the strongest conflicts (accounting for 45.28% of all conflictive events). 497 

Conflictive events in CA mainly occurred in summer and winter, with water distribution being the major issue. While joint 498 

management of transboundary rivers was the major issue of cooperative events. 499 
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The density of the water conflictive network in CA increased by 0.16 after the collapse of the Soviet Union in 1991. 500 

Uzbekistan had the highest degree centrality (6) and formed the core of the conflictive network. The density of the water 501 

cooperative network increased from 0.06 to 0.42, with Kazakhstan having the highest degree centrality (15). Most conflictive 502 

events were between Kyrgyzstan and Uzbekistan (9 events), while most cooperative events were between Kazakhstan and 503 

Kyrgyzstan (280 events). Both conflict and cooperation over water were predominantly low-level, with strong/official verbal 504 

hostility (level -2) and non-military agreement (level 4) having the largest proportion of water conflictive and cooperative 505 

events, respectively. We suggest that the rational management of transboundary rivers in CA could be facilitated by 506 

improving the region’s water and land allocation systems, strengthening the water cooperative networks, and increasing 507 

high-level cooperation within CA and beyondStrengthening cooperation and trust, considering the impact of climate change 508 

and seeking financial and technical support from international organizations would be helpful to eliminate conflicts and 509 

promote cooperation for CA. 510 
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 681 

 682 

Figure 1: Location of Central Asia. This map is made with ArcGIS, and all layers are from the public layers. The world and 683 
country borders are from the National Platform for Common Geospatial Information Services (https://www.tianditu.gov.cn/), the 684 
lake outlines are from the Natural Earth Data (http://www.naturalearthdata.com/), and the raster file of irrigation area is from the 685 
Food and Agriculture Organization of the United Nations (http://www.fao.org/aquastat/en/geospatial-information/global-maps-686 
irrigated-areas). 687 
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Figure 2: Classification criteria for water-related political events. 691 
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 695 

Figure 3: Comparison of the number of water conflictive events in the TFDD and WCC datasets (a) and the number of water 696 

cooperative events in the TFDD and ICWCCA datasets (b). 697 
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 700 

Figure 34:  Changing inflow and outflow trends in major reservoirs of Central Asia.701 
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 703 

 704 

Figure 45: Variations in Gini coefficient between water resources and socio-economic elements in Central Asia from 1997 to 2016. 705 
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 707 

 708 

Figure 56: Spatial distribution of matching coefficients of water and land resources in the five Central Asian countries in (a) 1997 709 
and (b) 2016. The country borders are from the National Platform for Common Geospatial Information Services 710 
(https://www.tianditu.gov.cn/).711 
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 713 

Figure 67: Evolution of water management policies and institutional framework in Central Asia.  714 
Note:  The numbers in red are the years in which major institutional changes occurred.715 



31 
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 717 

 718 

Figure 78: Changing trends in water conflictive, cooperative and total water political events in Central Asia from 1951 to 2018.  719 
Note: P1- a stable period; P2- a rapid increase and decline period; P3- a second stable period.720 
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 721 

 722 

 723 

Figure 89: Spatial distribution of water political events in transboundary river basins in and around Central Asia from 1951 to 724 
2018. The country borders are from the National Platform for Common Geospatial Information Services 725 
(https://www.tianditu.gov.cn/). The borders of international river basin are from the Transboundary Freshwater Dispute Database 726 
(https://transboundarywaters.science.oregonstate.edu/). 727 
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 729 

Figure 910: Water conflictive and cooperative networks between Central Asian countries and other countries in the world: (a) 730 
Number of water conflictive events in 1951-1991 and (b) 1992-2018; (c) number of water cooperative events in 1951-1991 and (d) 731 
1992-2018. The world and country borders are from the National Platform for Common Geospatial Information Services 732 
(https://www.tianditu.gov.cn/).733 
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 735 

Figure 1011: Graph showing (a) number of water political events in Central Asia according to intensity and (b) monthly 736 
distribution of water conflictive events.737 
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 739 

 740 

Figure 1112: Percentages of (a) water conflictive and (b) cooperative events in Central Asia according to theme.741 
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Table 1: Transboundary rivers and tributaries in Central Asia. 742 

Note: AFH- Afghanistan, CHN- China, IRI- Iran, KAZ- Kazakhstan, TJK- Tajikistan, KGZ- Kyrgyzstan, TKM- Turkmenistan, 743 

and UZB- Uzbekistan; * means no data. 744 

 745 

Table 2: Division of threshold value of the Gini Coefficient. 746 

Extent 0 0< G< 0.2 0.2≦G< 0.3 0.3≦G< 0.4 0.4≦G< 0.5 0.5≦G< 1 1 

Rank Completely 

matched 

Highly 

matched 

Relatively 

matched 

Reasonably 

matched 

Relatively 

mismatched 

Highly 

mismatched 

Completely 

mismatched 

 747 

Table 3: Density of water conflictive and cooperative network in Fig. 910. 748 

Network Period Density Standard Deviation 

Conflicts 1951-1991 0.20 0.40 

1992-2018 0.38 0.48 

Cooperation 1951-1991 0.06 0.23 

1992-2018 0.42 0.49 

 749 

River/tributary Length 

(km) 

Area of the basin 

(104 km2) 

Average 

flow (m3/s) 

Annual 

runoff (108m3) 

Riparian 

countries 

Recipient 

Amu Darya 2540.00 46.50 1970.00 564.00 AFH,KGZ,

TJK,UZB, 

TKM 

Aral Sea 

-Surkhan Darya * 1.35 74.20 33.24 TJK,UZB Amu Darya 

-Kafirnigan * 1.16 170.00 54.52 TJK,UZB Amu Darya 

-Pyanj 1137.00 11.35 1012.00 430.00 AFH,TJK Amu Darya 

-Vakhsh 524.00 3.91 1012.00 202.00 KGZ,TJK Amu Darya 

Zeravshan 877.00 1.80 161.00 51.37 TJK,UZB Desert 

Syr Darya 3019.00 78.26 1060.00 341.00 KGZ,UZB, 

TJK,KAZ 

Aral Sea 

-Naryn 807.00 5.91 381.00 135.30 KGZ,UZB Syr Darya 

-Kara Darya 180.00 2.86 122.00 39.21 KGZ,UZB Syr Darya 

-Chirchik 161.00 1.42 104.00 79.49 KGZ,UZB 

KAZ, 

Syr Darya 

-Chatkal 217.00 0.71 115.00 2.71 KGZ,UZB Chirchik 

Chu 1186.00 6.25 130.00 66.40 KGZ,KAZ Desert 

Talas 661.00 5.27 27.40 18.10 KGZ,KAZ Desert 

Ili 1236.00 15.10 374.20 126.00 CHN,KAZ Balkhash Lake 

Murgab 978.00 4.69 50.00 16.57 AFH,TKM Desert 

Tejen 1150.00 7.03 24.00 7.57 AFH,IRI,T

KM 

Desert 
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 750 

Table 4: Degree centrality of water conflictive and cooperative network for the five Central Asian countries after the collapse of 751 
the Soviet Union (1992-2018). 752 

Water conflictive network Water cooperative network 

Country Degree centrality Country Degree centrality 

Uzbekistan 6 Kazakhstan 15 

Kazakhstan 5 Kyrgyzstan 14 

Tajikistan 4 Tajikistan 14 

Kyrgyzstan 3 Turkmenistan 12 

Turkmenistan 3  Uzbekistan 12 

 753 

Table 5: Water-related political events in the Ili River Basin between China and Central Asian countries. 754 

Date Country List Event Intensity Event Type Description 

1993/1/1 CHN_KGZ 2 

 

Water quantity China broaches signatory Kyrgyzstan with 

possibility of exploiting 4 rivers whose waters 

are shared by Xinjiang in Western China and 

Kyrgyzstan. 

1993/1/1 CHN_KAZ 4 

 

Water quantity Kazakhstan and China agree to build water 

conservancy works over the Horgos River. 

1993/1/18 CHN_KAZ 4 

 

Water quantity China and Kazakhstan reach an agreement to 

jointly build water-conservancy works over the 

Horgos River. 

1993/1/18 CHN_KAZ 4 Water quantity China and Kazakhstan sign an agreement to 

jointly construct a hydroelectric project on the 

Horgos River. The two sides decide to divide 

the construction costs. 

1999/5/5 CHN_KAZ 1 Water quantity Talks take place between China and 

Kazakhstan regarding problems of water intake 

from border rivers. 

1999/11/23 CHN_KAZ 2 Water quantity China and Kazakhstan sign the “ Joint 

Communique of the People’s Republic of 

China and the Republic of Kazakhstan on a 

Complete Resolution of All Border Issues”. 

2001/3/24 CHN_KAZ 3 Water quantity Consultations between Kazakhstan and Chinese 

experts on the rational use of water resources of 

the transboundary rivers are conducted. 

2006/2/16 CHN_KAZ -1 Water quantity The Prime Minister of Kazakhstan 

acknowledges issues about the transboundary 

problem of the Irtysh and Ili rivers, and is 

unable to reach an agreement with China on the 

issues of environmental security.  

 755 

 756 


