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Today’s motivating question

In what ways can water affect conflict? 

• Where it is 

• How it comes and goes,  

• How it is treated  

• Who uses it
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“The most obvious, ubiquitous, important realities  
are often the ones that are the hardest to see and talk about.” 

-David Foster Wallace  
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  I. Why should we care about water and conflict?
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Source: Santosh Nepal, Wolfgang-Albert Flügel & Arun 
Bhakta Shrestha. 2014. “Upstream-downstream linkages of  
hydrological processes in the Himalayan region.” Ecological 
Processes 3 
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Mt. Kailash, Tibet
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Okjokull Glacier, Iceland

1989 2019

Source: Source: NASA via The New York Times (https://www.nytimes.com/2019/08/19/world/europe/iceland-glacier-funeral.html) 
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Source: 

Image source: CNN (https://edition.cnn.com/travel/article/africas-magnificent-mountains-climb/index.html)

https://edition.cnn.com/travel/article/africas-magnificent-mountains-climb/index.html
https://edition.cnn.com/travel/article/africas-magnificent-mountains-climb/index.html
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WORLD NEWS AUGUST 15,  2019 / 3:08 AM / 3 DAYS AGO

'Punch in the gut' as scientists find micro
plastic in Arctic ice

Matthew Green 4  M I N  R E A D

LONDON (Reuters) - Tiny pieces of plastic have been found in ice cores drilled in

the Arctic by a U.S.-led team of scientists, underscoring the threat the growing

form of pollution poses to marine life in even the remotest waters on the planet.

The researchers used a helicopter to land on ice floes and retrieve the samples

during an 18-day icebreaker expedition through the Northwest Passage, the

hazardous route linking the Pacific and Atlantic oceans.

“We had spent weeks looking out at what looks so much like pristine white sea ice

floating out on the ocean,” said Jacob Strock, a graduate student researcher at the

University of Rhode Island, who conducted an initial onboard analysis of the cores.
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It is Raining Plastic.
By Gregory Wetherbee,1 Austin Baldwin,2 James Ranville3

U.S. Department of the Interior
U.S. Geological Survey

Open-File Report 2019–1048

Overview
   Atmospheric wet deposition samples were collected using the National 

Atmospheric Deposition Program/National Trends Network (NADP/NTN) at 
eight sites (see map) in the Colorado Front Range. Plastics were identified in 
more than 90 percent of the samples. The plastic materials were mostly fibers 
that were only visible with magnification, approximately 20–40 times (X).  
Fibers were present in a variety of colors; the most frequently observed color was 
blue followed by red>silver>purple>green> yellow>other colors. Plastic particles 
such as beads and shards were also observed with magnification. More plastic 
fibers were observed in samples from urban sites than from remote, mountainous 
sites. However, frequent observation of plastic fibers in washout samples from 
the remote site CO98 at Loch Vale in Rocky Mountain National Park (elevation 
3,159 meters) suggests that wet deposition of plastic is ubiquitous and not just an 
urban condition.

Sampling Network
   The Network for Urban Atmospheric Nitrogen Chemistry (NUANC) is an 

NTN subnetwork of five sites in the Denver and Boulder, Colorado urban corri-
dor.  An additional urban site (CO84) is located outside Boulder, Colorado. Rural 
and remote montane NTN sites are nearby and form a southeast-trending transect 
of NTN sites with the NUANC.

Methods
   NUANC samples were collected in plastic bag-lined buckets. Sites CO84, 

CO94, and CO98 used standard, unlined NTN buckets. The entire volumes of 
each sample submitted to the NADP Central Analytical Laboratory were filtered 
(0.45 micrometer, polyethersulfone) to obtain particulates assumed to be washed 
from the atmosphere (washout). The filters were dried, weighed, and manually 
analyzed with a binocular microscope fitted with a digital camera (see photomi-
crographs). Four deionized water rinses of the sampling system were analyzed as 
blanks. This study was not designed for collecting and analyzing samples for 
plastic particles. The results are unanticipated and opportune.

Results
   General types of particles were classified in the observations (see table).

Air mass back-trajectory analysis for site CO98 samples was completed using the 
HYSPLIT model for 24 hours prior to each sample collection at 500-, 750-, and 
1,000-meter altitudes. (National Oceanic and Atmospheric Administration, 

https://ready.arl.noaa.gov/HYSPLIT.php) Urban areas are southeast
(approximately 140°) of site CO98, but plastic deposition was more positively 
identified for westerly storms than easterly storms. In the four blank samples, 
there was one small translucent fiber observed that might have been plastic. 
Translucent and white materials, which are the colors of the sampling apparatus, 
were disregarded in the analyses.

Discussion
   The mass of plastic in even the most concentrated samples was not large 

enough to weigh or reliably estimate. Developing a routine capability to calculate 
plastic wet-deposition loads is not possible with current (2019) technology. 
Methods for more accurate estimation of plastic loads are needed.

Better quality control to limit cross contamination and methods for estimation 
of percent recovery of the plastic materials from NADP samples are needed. 
Retaining NADP filters for subsequent analysis would make a washout deposi-
tion network possible with very little added expense.  

How these plastic materials are accumulating and being assimilated in the 
environment and biota is unclear. Moreover, the potential effects of these materi-
als on biota is not understood.

Conclusions
   It is raining plastic. Better methods for sampling, identification, and quanti-

fication of plastic deposition along with assessment of potential ecological effects 
are needed.
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CO87

“Base map data from Google, DigitalGlobe 2019” 
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EXPLANATION
Study sites

Photomicrographs of plastics collected at the NUANC NTN subnetwork, Sugarloaf, and Loch Vale sites in Colorado

(Explanation of labels: CO06, site identification; 2-28-17, month-day-year; 40X, magnification; Red outline indicates Loch Vale samples.)

Data for washout particles collected at site CO98, Loch Vale, Rocky Mountain National Park.

[Bold values indicate easterly air mass back trajectories]

Identified materials

Site 
identifica-

tion

Weekly sample 
collection date 

(month/day/year)

Sample 
volume 

(milliliters)

Estimated 
solids concen-
tration (mg/L)

Mineral Soil Plant Insects Micro-
plastic

Amor-
phous 
carbon

Notes
Back trajec-
tory (degrees 

from north)

No plastic positively identified
CO98 1/24/17 337.0 11.4 Yes Yes Yes Possibly Possibly Yes 227
CO98 2/14/17 746.4 1.1 Yes Yes Yes Possibly Possibly Yes Egg-shaped particle might be plastic 235
CO98 3/28/17 1,417.3 1.9 Yes Yes Yes No Possibly Possibly 150
CO98 4/4/17 1,837.1 0.1 Yes Yes Yes No No Possibly 160
CO98 5/16/17 881.7 4.5 Yes Yes Yes Possibly Possibly Yes 62
CO98 5/22/17 2,856.3 1.0 Yes Yes Yes Yes No Yes 62
CO98 7/18/17 320.9 3.8 Yes Yes Yes Yes No Yes 291
CO98 7/25/17 1,522.5 0.7 Yes Yes Yes Yes Possibly Yes 252
CO98 8/1/17 1,897.1 0.2 Yes Yes Yes Yes Possibly Yes 213
CO98 8/8/17 2,746.3 0.6 Yes Yes Yes Yes Possibly Yes 176
CO98 12/19/17 446.2 <2.2 Yes No Yes No No Yes  260

Plastic identified
CO98 1/3/2017 530.5 7.5 Yes Yes Yes Yes Yes Yes 225
CO98 2/28/2017 1,381.2 2.3 Yes Yes Yes No Yes Yes 216
CO98 4/11/2017 918.7 6.1 Yes Yes Yes Yes Yes Yes 240
CO98 4/25/2017 1,552.8 3.1 Yes Yes Yes No Yes Yes Blue chunk 201
CO98 5/2/2017 1,533.7 0.1 Yes Yes Yes Possibly Yes Yes 266
CO98 5/9/2017 857.1 5.3 Yes Yes Yes No Yes Yes 205
CO98 5/30/2017 2,095.2 1.0 Yes Yes Yes Possibly Yes Yes 266
CO98 6/6/2017 557.9 1.7 Yes Yes Yes No Yes Yes White, blue plastic 254
CO98 8/15/2017 2,981.0 0.1 Yes Yes Yes Yes Yes Yes 275
CO98 8/29/2017 516.4 3.3 Yes Yes Yes Yes Yes Yes 266

Washout Particulate Samples CO06, 2-28-17, 40X CO87, 5-16-17, 40X CO94, 10-03-17, 40X CO98, 1-03-17, 40X CO98, 2-28-17, 40X CO98, 4-11-17, 40X

CO06, 1-17-17, 40X CO06, 5-02-17, 40X CO86, 1-31-17, 40X CO86, 5-16-17, 40X CO94, 12-26-17, 40X CO98, 3-28-17, 40X CO98, 5-02-17, 40X

CO87, 2-21-17, 40X CO06, 5-02-17, 40X CO06, 5-30-17, 40X CO11, 1-17-17, 40X CO11, 8-22-17, 40X CO85, 2-21-17, 40X CO98, 4-25-17, 40X

CO06, 2-21-17, 40X CO06, 5-23-17, 6X CO11, 3-29-17, 40X CO11, 5-16-17, 40X CO11, 9-19-17, 40X CO85, 3-21-17, 40X CO98, 5-09-17, 40X

12.14 miles
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Synthetic Polymer Contamination in
Bottled Water
Sherri A. Mason*, Victoria G. Welch and Joseph Neratko

Department of Chemistry, State University of New York at Fredonia, Fredonia, NY, United States

Eleven globally sourced brands of bottled water, purchased in 19 locations in nine

different countries, were tested for microplastic contamination using Nile Red tagging. Of

the 259 total bottles processed, 93% showed some sign of microplastic contamination.

After accounting for possible background (lab) contamination, an average of 10.4

microplastic particles >100 um in size per liter of bottled water processed were found.

Fragments were the most common morphology (66%) followed by fibers. Half of these

particles were confirmed to be polymeric in nature using FTIR spectroscopy with

polypropylene being the most common polymer type (54%), which matches a common

plastic used for the manufacture of bottle caps. A small fraction of particles (4%) showed

the presence of industrial lubricants. While spectroscopic analysis of particles smaller

than 100 um was not possible, the adsorption of the Nile Red dye indicates that these

particles are most probably plastic. Including these smaller particles (6.5–100 um), an

average of 325 microplastic particles per liter of bottled water was found. Microplastic

contamination range of 0 to over 10,000 microplastic particles per liter with 95% of

particles being between 6.5 and 100 um in size. Data suggests the contamination is

at least partially coming from the packaging and/or the bottling process itself. Given

the prevalence of the consumption of bottled water across the globe, the results of this

study support the need for further studies on the impacts of micro- and nano- plastics

on human health.

Keywords: plastic pollution, microplastic, consumables, human health, FTIR, Nile Red, drinking water

INTRODUCTION

Plastic is defined as any synthetic or semi-synthetic polymer with thermo-plastic or thermo-
set properties, which may be synthesized from hydrocarbon or biomass raw materials (UNEP,
2016). Plastics production has seen an exponential growth since its entrance on the consumer
stage, rising from a million tons in 1945 to over 300 million tons in 2014 (PlasticsEurope, 2015).
Some of the features of plastic that make it so attractive from a manufacturing standpoint are of
concern when it comes to its environmental impact. It is very light-weight allowing it to be easily
transported over long distances, and it is durable being resistant to breakage and biodegradation.
Its durability is inherently connected to its chemical structure. Being composed largely, if not
entirely, of hydrocarbon chains, the lack of double bonds or other functional groups provides
an inherent stability to its molecules, and its synthetic nature means that the vast majority of
microorganisms haven’t evolved to utilize plastic as a food source. Thus, while plastic will break
into smaller and smaller particles via photo-oxidative mechanisms, the fundamental molecular
structures of the material change very little throughout that process. Plastics become microplastics
become nanoplastics, but they are all plastics, just of increasingly smaller size, allowing them to be
more easily ingested and perhaps even cross the gastrointestinal tract to be transported throughout
a living organism (Brennecke et al., 2015; Sharma and Chatterjee, 2017).
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A few examples of  the importance of  
water systems and how they can change.  

Some of  which are related to your 
literature review topics

24



Lecture question #1

Have you ever thought about where the water you 
drink comes from and its quality?  

If  so, why? If  not, why not?

25



26Image source: Getty (http://news.getty.edu/images/9036/Los%20Angeles%20Aquaduct_Cascades.jpg)

II. Why water matters

http://news.getty.edu/images/9036/Los%20Angeles%20Aquaduct_Cascades.jpg
http://news.getty.edu/images/9036/Los%20Angeles%20Aquaduct_Cascades.jpg


Water and development
Access to clean drinking water is a crucial development 
goal. 

Millennium Development Goal 7C: “Halve, by 2015, the 
proportion of  the population without sustainable safe 
drinking water and basic sanitation.” 

• Target met in 2010. 

• Between 1990 and 2015, 2.6 billion people gained 
access to improved drinking water sources—from 
76% to 91%. 

• 663 million people are still without access. 

Sustainable Development Goal # 6: Ensure access to 
water and sanitation for all.

27
http://www.un.org/millenniumgoals/environ.shtml 



There are still clear problems. (I)
• “By 2050, at least one in four people is likely to live in 

a country affected by chronic or recurring shortages of  
fresh water.” 

• Water scarcity affects more than 40% of  the global 
population. 

•  Over 1.7 billion people are currently living in river 
basins where water use exceeds recharge. 

• At least 1.8 billion people use a source of  drinking 
water that is fecally contaminated. 

• 2.4 billion people lack access to basic sanitation 
services, such as toilets or latrines. 

• >80% of  wastewater resulting from human activities is 
discharged into rivers or seas without any pollution 
removal. 

Sources: http://www.un.org/sustainabledevelopment/water-and-sanitation/ http://www.un.org/sustainabledevelopment/wp-content/uploads/2016/08/6_Why-it-
Matters_Sanitation_2p.pdf  

http://www.un.org/sustainabledevelopment/water-and-sanitation/
http://www.un.org/sustainabledevelopment/wp-content/uploads/2016/08/6_Why-it-Matters_Sanitation_2p.pdf
http://www.un.org/sustainabledevelopment/wp-content/uploads/2016/08/6_Why-it-Matters_Sanitation_2p.pdf
http://www.un.org/sustainabledevelopment/water-and-sanitation/
http://www.un.org/sustainabledevelopment/wp-content/uploads/2016/08/6_Why-it-Matters_Sanitation_2p.pdf
http://www.un.org/sustainabledevelopment/wp-content/uploads/2016/08/6_Why-it-Matters_Sanitation_2p.pdf


There are still clear problems. (II)
• Daily nearly 1,000 children die due to preventable water and 

sanitation-related diarrheal diseases. 

• Worldwide, more than 2 million people die every year from 
diarrheal diseases.  

• Hydropower is the most widely-used renewable source of  
energy  (in 2011 it was 16% of  electricity production). 

• ~70% of  all water taken from rivers, lakes and aquifers is 
used for irrigation. 

• Floods and other water-related disasters account for 70% of  
all deaths related to natural disasters. 

• The economic impact of  not investing in water and 
sanitation costs 4.3% of  sub-Saharan African GDP.  

• 6.4% of  India’s GDP is lost due to adverse economic 
impacts and costs of  inadequate sanitation. 

Sources: http://www.un.org/sustainabledevelopment/water-and-sanitation/ http://www.un.org/sustainabledevelopment/wp-content/uploads/2016/08/6_Why-it-Matters_Sanitation_2p.pdf  

http://www.un.org/sustainabledevelopment/water-and-sanitation/
http://www.un.org/sustainabledevelopment/wp-content/uploads/2016/08/6_Why-it-Matters_Sanitation_2p.pdf
http://www.un.org/sustainabledevelopment/water-and-sanitation/
http://www.un.org/sustainabledevelopment/wp-content/uploads/2016/08/6_Why-it-Matters_Sanitation_2p.pdf
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Source: https://upload.wikimedia.org/wikipedia/commons/thumb/b/b8/
Noah%27s_Ark_on_Mount_Ararat_by_Simon_de_Myle.jpg/2048px-
Noah%27s_Ark_on_Mount_Ararat_by_Simon_de_Myle.jpg

This is not a new problem.



31



32



33



34



35

Image source: Getty (http://news.getty.edu/images/9036/Los%20Angeles%20Aquaduct_Cascades.jpg)
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Owens Valley aqueduct, 1924
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St Francis Dam, 1926
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1928
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II. Why water matters

http://news.getty.edu/images/9036/Los%20Angeles%20Aquaduct_Cascades.jpg
http://news.getty.edu/images/9036/Los%20Angeles%20Aquaduct_Cascades.jpg
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III. Water and conflict

Image source: https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg 

https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg
https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg
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The War of  the Pacific, 1879-1883 

Image source: https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg 

https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg
https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg
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Image source: Colin Snider  
(https://americasouthandnorth.wordpress.com/2013/02/09/on-the-chilean-navys-
nationalisticxenohobic-naval-chants-and-historical-context/)

https://americasouthandnorth.wordpress.com/2013/02/09/on-the-chilean-navys-nationalisticxenohobic-naval-chants-and-historical-context/
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https://americasouthandnorth.wordpress.com/2013/02/09/on-the-chilean-navys-nationalisticxenohobic-naval-chants-and-historical-context/
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https://americasouthandnorth.wordpress.com/2013/02/09/on-the-chilean-navys-nationalisticxenohobic-naval-chants-and-historical-context/
https://americasouthandnorth.wordpress.com/2013/02/09/on-the-chilean-navys-nationalisticxenohobic-naval-chants-and-historical-context/
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Image source: Colin Snider  
(https://americasouthandnorth.wordpress.com/2013/02/09/on-the-chilean-navys-
nationalisticxenohobic-naval-chants-and-historical-context/)
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Water and subnational conflict 
Possible causal processes

• Accentuate societal divides 

• Human suffering and the grievances it can 
cause lead to motivations for violence. 

• Lowers opportunity costs to joining rebel 
movement 

• Risks highest where scarcity overlaps with 
political and economic marginalisation (Theisen, 
Holtermann, & Buhaug (2011-2) 

• Example of  nomadic pastoralists along the 
Omo river in Ethiopia and Kenya.
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Source: InternationalRivers.org



Sic utter tuo ut alienum non 
laedas 

“Use your property in a way not to injure 
others.” 

(Gleick 1993: 107)
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supply- and demand-induced and structural scarcities of renewable resources
has informed much research in this area.17 According to this school of thought,
less developed countries are most predisposed to endemic resource shortages
because they lack the necessary knowledge and capabilities to overcome per-
sistent resource pressure. Likely consequences include reduced economic pro-
ductivity, migration, sharpening of group demarcations, and disruption of
political institutions. These problems would indicate a higher risk of armed
conºict, and the environmental security literature is not short on reports
of conºicts in resource-poor regions. The models, explanations, and particu-
larly the assumptions of environmental security scholarship have been heavily
criticized from a political ecology point of view.18

International Security 36:3 84

17. A major point of reference is Homer-Dixon’s Environment, Scarcity, and Violence.
18. Recent ecology-oriented work includes Tor Arve Benjaminsen, “Does Supply-Induced Scarcity

Figure 1. Changes in Mean Annual Precipitation from 1952–61 to 1995–2004

NOTE: The map shows changes in mean annual precipitation from the first to the most recent
decade of precipitation data (1952–61 and 1995–2004, respectively). White areas are
deserts with mean annual precipitation of less than 100 millimeters. See data and measure-
ments section for further details.

Source: Theisen et al 2011: 84.
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Climate Wars? 101

Figure 3. Relative Risk for Alternative Drought Measures

SOURCES: Georeferenced precipitation data were derived from the Global Precipitation Clima-
tology Centre of the UN-sponsored World Meteorological Organization. See Bruno Rudolf
and Udo Schneider, “Calculation of Gridded Precipitation Data for the Global Land-Surface
Using In-Situ Gauge Observations,” Proceedings of the 2nd Workshop of the International
Precipitation Working Group IPWG (2005), pp. 231–247. The SPI (Standard Precipitation
Index) indicator was calculated from the same source. The drought data from the UNEP
(United Nations Environment Programme) are from UNEP/GRID–Europe (2009), “Drought
Events, 1980–2001,” http://preview.grid.unep.ch (last accessed October 5, 2011). For the
MEG (marginalized ethnic group) data, see Nils B. Weidmann, Jan Ketil Rød, and Lars-Erik
Cederman, “Representing Ethnic Groups in Space: A New Dataset,” Journal of Peace Re-
search, Vol. 47, No. 4 (July 2010), pp. 491–499; and Andreas Wimmer, Lars-Erik
Cederman, and Brian Min, “Ethnic Politics and Armed Conflict: A Configurational Analysis
of a New Global Dataset,” American Sociological Review, Vol. 74, No. 2 (April 2009),
pp. 316–337.

NOTE: The plot shows estimated change in the risk of civil war onset when the value of the
drought measure shifts from the 10th percentile to the 90th percentile (from 0 to 1 for di-
chotomous measures), holding all control variables at their means. The mean point estimate
is marked with a dot and 95 percent confidence bands with lines. Relative risk is calculated
by dividing the estimated probability of conflict given high drought value by the probability
of conflict given low drought value. Relative risk above 1 indicates an increase in civil war
risk with higher drought values while values below 1 indicate a reduction in conflict risk
with higher drought values. The MEG indicator denotes areas hosting politically excluded
ethnic groups.

Source: Theisen et al 2011: 101.



Water and international conflict 
Possible causal processes

• Rivers can lead to fuzzy boundaries and 
conflicts over territory. (Gleditsch et al. 2006) 

• Water scarcity can lead to conflict over 
access or equitable distribution. 

• This risk is higher in areas of  changing 
patterns of  rainfall or political governance. 

• As with civil conflict, levels of  
development also matter.
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 Environmental Scarcities and Violent Conflict | 31

 and it has a major university that served as an organizational base for radicals

 that became the core of Sendero. The university's remoteness also meant

 that students were disproportionately from the peasantry, and could there-

 fore return to their communities with ease; moreover, they were less likely

 to find professional jobs on graduation. The relative power of the government

 was also weakened, ironically, by the land reform, which caused large land-

 owners to leave the region. The Velasco regime did not fill the vacuum with

 new political and security institutions, in part because an economic down-

 turn later in the decade reduced the government's resources for the task.

 McClintock believes that the poverty of these regions condemns the coun-

 try to chronic, long-term turmoil. The government may be civilian, but is

 unlikely to be very democratic, and will confront "virtually constant revolu-

 tionary and criminal violence."

 A COMBINED MODEL

 There are important links between the processes identified in the second and

 third hypotheses. For example, although population movement is sometimes

 caused directly by scarcity, more often it arises from the greater poverty

 caused by this scarcity. Similarly, the weakening of the state increases the

 likelihood not only of deprivation conflicts, but of group-identity conflicts.

 It is useful, therefore, to bring the hypotheses together into one model of

 environment-conflict linkages (Figure 2). Decreases in the quality and quan-

 Figure 2. Some Sources and Consequences of Environmental Scarcity.

 Sources of environ- Social Effects
 mental scarcity

 Decrease in quality
 and quanfity of Mirto,X_______
 rendeuantity resous expulsion Ethnic conflicts renewable resources\

 Increased /
 Population growth - environmental Weakened states - Coups d'6tat

 scarcity /

 Unequal resource Decreased l ervfo ofit
 access economic Deprivation conficts

 productivity

This content downloaded from 150.203.154.55 on Wed, 06 Jul 2016 04:32:54 UTC
All use subject to http://about.jstor.org/terms

Source: Homer-Dixon (1994: 31)
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Abstract

Countries that share rivers have a higher risk of military disputes, even when controlling for a range of stan-
dard variables from studies of interstate conflict. A study incorporating the length of the land boundary showed
that the shared river variable is not just a proxy for a higher degree of interaction opportunity. A weakness of
earlier work is that the existing shared rivers data do not distinguish properly between dyads where the rivers run
mainly across the boundary and dyads where the shared river runs along the boundary. Dyads with rivers run-
ning across the boundary would be expected to give rise to resource scarcity-related conflict, while in dyads
where the river forms the boundary conflict may arise because river boundaries are fluid and fuzzy. Using
a new dataset on shared water basins and two measures of water scarcity, we test for the relevance of these

* The work reported here was supported by the Research Council of Norway. Earlier versions of the article were pre-
sented at the 45th Annual Convention of the International Studies Association, Montreal, 17e20 March 2004, the Fifth
Pan-European International Relations Conference, The Hague, 9e11 September 2004, and the 13th Norwegian National
Meeting in Political Science, Hurdalssjøen, 5e7 January 2005. We are grateful to Aysegul Aydin, Helga Malmin Bin-
ningsbø, Glenn Palmer, and other participants in these meetings for comments and to Kristian S. Gleditsch, Jan Ketil
Rød, and Lars Wilhelmsen for help at various stages of our work. Aaron Wolf generously provided us with the Inter-
national River Basin GIS layers. The codebook for the rivers basin data can be found on www.prio.no/cscw/envi/rivers.
The data are found in the same location. Replication data for this article are found on www.prio.no/cscw/datasets.

* Corresponding author. Centre for the Study of Civil War, International Peace Research Institute (PRIO), Hausmanns
gate 7, 0186 Oslo, Norway. Tel.: !47 22 54 77 21; fax: !47 22 54 77 01.

E-mail addresses: nilspg@prio.no (N.P. Gleditsch), kathrynf@interchange.ubc.ca (K. Furlong), hhegre@prio.no
(H. Hegre), blacina@stanford.edu (B. Lacina), taylor@prio.no (T. Owen).

0962-6298/$ - see front matter ! 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.polgeo.2006.02.004

Political Geography 25 (2006) 361e382
www.elsevier.com/locate/polgeo



56

probabilities for shared basin dyads. The shaded areas indicate 90% confidence intervals for the
two lines.18 The figure shows that a shared basin does more to increase the estimated risk of
dispute at the intermediate level of development than for low and high levels. The confidence
bands do not overlap in the middle range, indicating that this difference is statistically signif-
icant for this type of dyads.

These results provide clear support for Hypothesis 10: the more developed a dyad, the less is
the increased risk resulting from sharing a river basin. This is most likely because wealthier
states have the means to cope with resource crises and to make use of advanced water manage-
ment technology. The support is somewhat more ambiguous for Hypothesis 11. Still, they sug-
gest that the benefits to development may not be linear: the estimated initial increase in the
effect of shared basins indicates that resource conflict may accelerate as states develop.

However, the results also indicate that strategies of resource and scarcity management can
develop early in the development process and thus mitigate conflict as basin usage intensifies.
Namibia provides a good example of such policies. It is the very poorest river-sharing dyads,
rather than those at middle income levels, that are most at risk of resource conflicts.

Conclusions

Of the two scenarios invoked to explain the relationship between shared rivers and interstate
conflict in the two earlier studies, the fuzzy boundary does not receive much support. A shared
basin is positively and significantly related to conflict, while a river boundary is not.

Support for the scarcity view of conflict is somewhat ambiguous. As a first test of the
importance of the upstreamedownstream relationship, the number of river crossings is not
significantly related to conflict. The water scarcity and shared water resource variables did
not perform as expected. Drought was not shown to have any effect at all. Dry countries
have significantly more conflict, less so when they share a large river basin.

Fig. 3. Estimated probability of fatal dispute by shared basin and dyad development, 1880e2001. The shaded area
around each line represents a 90% confidence interval.

18 The estimated probabilities and the confidence bands (based on robust standard error estimates) were obtained using
Clarify.

378 N.P. Gleditsch et al. / Political Geography 25 (2006) 361e382

Source: Gleditsch et al. 2006: 378.



Factors shaping the probability 
that water is a source for rivalry 

(Gleick 1993: 84-85)

• Degree of  scarcity 

• The extent to which water is shared by more than 
one state or region 

• The relative power of  the states involved 

• Ease of  alternatives to fresh water sources 

• Secondary impacts related to water 
developments.
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Lecture question #2

Linking these factors to the graph in the last slide 
from Gleditsch et al. (2016), do you think the 
relationship between the degree of  scarcity (x) and 
water conflict (y) is linear (i.e., the relationship can 
be plotted as a straight line) or non-linear (i.e., the 
relationship looks like a U or an upside-down U)?  

Why?  
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III. Water and conflict

Image source: https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg 

https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg
https://commons.wikimedia.org/wiki/File:Battle_of_Arica_(1880),_Juan_Lepiani.jpg


60

  IV. Case study: Central Asia



Lecture question #3

After watching the videos about the Tajikistan/
Kyrgyz border villages, do you think the Kyrgyz wells 
would be more likely to be maintained by increasing 
institutional spending and support (a top-down 
approach) or by spending on public information 
campaigns describing who the water belongs to (a 
bottom-up approach)? 

Why?  
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“Nowhere in the world is the potential for conflict over the use 
of  natural resources as strong as in Central Asia.”  

Smith 1995, quoted in Bernauer and Siegfried (2012)
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Decisionmakers in the USSR realized that the abun-
dant water resources of Kyrgyzstan, together with a
favorable topography, make the country exceptionally
rich in water storage and hydropower potential. At the
same time, the vast low-lying steppes in the midstream
and downstream reaches of the Syr Darya (nowadays
Uzbekistan and Kazakhstan) could be turned into centers
of irrigated agricultural production (Dukhovny & Soko-
lov, 2003; Savoskul et al., 2003). Hence the USSR began
to develop large-scale irrigated agriculture, particularly
cotton and wheat production, in the Stalinist period and
under Khrushchev in the mid-1950s. The major irrigated
agricultural areas at present are the densely populated and
ethno-politically unstable Fergana Valley in Uzbekistan
and the Kyzylorda and South Kazakhstan oblasts in the
Syr Darya catchment in Kazakhstan. The policy of

turning Central Asia into a major irrigation economy ulti-
mately led to the desiccation of the Aral Sea, with highly
adverse social, economic and environmental consequences
in the region (Micklin, 1988).2

Figure 1. Map of Central Asia with major river catchments. Amu Darya, Syr Darya, and Chu-Talas are shown together with
basin topographies
Locations of major dams are indicated with crosses. 1: Toktogul, 2: Kambarata II (construction completed), 3: Kambarata I (planned), 4:
Andijan, 5: Charvak, 6: Kayrakum, 7: Chardara, 8: Nurek, 9: Rogun (planned). A color version of this Figure is shown in online Appendix
Figure A.1, available at http://www.prio.no/jpr/datasets.

2 Both Uzbekistan and Kazakhstan are experiencing major problems
with soil fertility due to negative effects of chronic salinization of
heavily irrigated lands in places with insufficient and/or defunct
drainage systems (personal communication: Yakovlev, Dronin, 5
January 2011. A list of all stakeholders interviewed for this article is
shown in Appendix Table A.I, available at http://www.prio.no/jpr/
datasets). The environmental disaster of the Aral Sea is imposing
a heavy burden on Kazakhstan, notwithstanding concerted
international and regional aid and the recent restoration of water
levels in the north-eastern part of the Aral Sea basin after construction
of the Kok-Aral dam (Burton, 2006; Micklin, 1988).

Bernauer & Siegfried 229

Source: Bernauer and Siegfried. 2012. “Climate change and international water conflict in Central Asia” Journal of  Peace Research: 229.
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A bit of  background
1917-1930s—Stalin divides Central Asia. 
1991—15 Soviet republics declare independence from the USSR. 
1992—Inter-State Commission for Water Coordination (ICWC) 
is created. 

• Kyrgyzstan wants to store water in spring to autumn and 
release this water in winter to spring for hydropower 
production when demand for electricity is highest.  

• Uzbekistan and Kazakhstan, by far the largest consumers of  
irrigation water in the basin, are interested in enough water 
during the growing season from April to September.  

1998—Kazakhstan, Krygzstan, and Uzbekistan signed an 
agreement setting monthly water release targets from Toktogul 
reservoir. 
1999—Tajikistan joined agreement.
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Toktogul reservoir, Kyrgyzstan
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early summer regime towards a late winter/early spring
runoff regime. This change has important repercussions
for reservoir management since a pronounced deficit of

summer runoff as compared to the present regime starts
to emerge. It translates into less direct water availability
during the vegetation period when more than 90% of

10 20 30 40 50
0

500

1000

1500

2000

2500

3000

Week

Q
 [m

3 /s
]

Mean weekly runoff into Fergana Valley from unregulated catchments

 

 
5th / 95th percentile
Total Mean Runoff 2040!2049
Total Mean Runoff 2000!2009

10 20 30 40 50
0

500

1000

1500

2000

2500

3000

3500

4000

Week

Q
 [m

3 /s
]

Mean weekly runoff into Toktogul Reservoir / Naryn Cascade

10 20 30 40 50
0

100

200

300

400

500

600

700

800

Week

Q
 [m

3 /s
]

Mean weekly runoff into Andijan Reservoir

10 20 30 40 50
0

200

400

600

800

1000

Week

Q
 [m

3 /s
]

Mean weekly runoff into Charvak Reservoir

10 20 30 40 50
0

500

1000

1500

2000

2500

3000

3500

4000

Week

Q
 [m

3 /s
]

Mean weekly runoff into Kayrakum Reservoir

10 20 30 40 50
0

1000

2000

3000

4000

5000

6000

7000

8000

Week

Q
 [m

3 /s
]

Mean weekly runoff into Chardara Reservoir

Figure 4. Seasonality of runoff (mean weekly runoff in m3/s) for selected locations in the Syr Darya catchment
Figures for the first decade of the 21st century and for 2040-49 are shown for the A2 scenario (see also Siegfried et al., 2011). The upper left
plate shows total unregulated flows into the Fergana Valley, i.e. runoff from catchments that have no or only insignificant man-made surface
water storage. The other plates show mean weekly runoffs into the major reservoirs in the basin (see Figure 1 for the location of these dams).
Mean runoff for 2000–09 is the solid black line, expected mean runoff in 2040–49 is the dotted black line, with corresponding uncertainty
bands (2 standard deviations).

236 journal of PEACE RESEARCH 49(1)

Source: Bernauer and Siegfried. 2012.  
“Climate change and international water conflict in  
Central Asia” Journal of  Peace Research.
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May-June 2010—South Kyrgyzstan ethnic clashes

• June 1990 violence over land—an Uzbek collective 
farm. 

• Clashes between ethnic Kyrgyz and Uzbeks entering on 
Osh and Jalal-Abad in aftermath of  former President 
Kurmabek Bakiyev fled office on 7 April 2010. 

• Killed about 420 people (276 Uzbeks and 105 Kyrgyz) 
and 80,000 displaced 

• Uzbekistan sent troops over the border and opened 
border to Uzbek refugees.
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Largest cotton producers 
2018-2019

Source: Statista (https://www.statista.com/statistics/263055/cotton-production-worldwide-by-top-countries/)

https://www.statista.com/statistics/263055/cotton-production-worldwide-by-top-countries/
https://www.statista.com/statistics/263055/cotton-production-worldwide-by-top-countries/


74
Source: http://gdb.rferl.org/87dc3dc9-220d-4f60-9b9d-a0e647757f6e_mw1024_mh1024_s.jpg

http://gdb.rferl.org/87dc3dc9-220d-4f60-9b9d-a0e647757f6e_mw1024_mh1024_s.jpg
http://gdb.rferl.org/87dc3dc9-220d-4f60-9b9d-a0e647757f6e_mw1024_mh1024_s.jpg
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“Poisonous dust storms kicked up by strong winds across the dried 
and polluted seabed give rise to a multitude of  chronic and acute 
illnesses among the few residents who have chosen to remain.”
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Vozrozhdeniya Island
• a.k.a. “Anthrax Island “ 

• What's so bad about it? It was the site of  Soviet 
biowarfare experiments. The whole area is 
contaminated with anthrax, smallpox and bubonic 
plague.  

• Local rodents are thought to have picked up some 
super-resilient strains of  these diseases.  

• The laboratory was established in 1948. At its height, 
the facility housed 1,500 people. 

• It is currently uninhabited. The site was completely 
abandoned in 1992. 
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The Arch of  Neutrality, Ashkebat, Turkmenistan with 12m tall 
statue of  Saparmurat Niyazov (Turkmenbashi, 1940-2006)

Turkmenistan is more known for oil than 
cotton, but it is the 9th largest source of  

cotton. 

This production is made possible by 
Turkmenistan’s 36% allocation of  the Amu 

Darya’s runoff.



82



83

  IV. Case study: Central Asia



Today’s motivating question

In what ways can water affect conflict? 

• Where it is 

• How it comes and goes,  

• How it is treated  

• Who uses it
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Conclusions
• Water scarcity creates challenges both to 

intrastate as well as interstate stability. 

• Most empirical studies find limited 
historical evidence for systematic direct 
effects. 

• More evidence for interactive effects with 
political and economic development & 
stability
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“The most obvious, ubiquitous, important realities  
are often the ones that are the hardest to see and talk about.” 

-David Foster Wallace  


