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Environmental scarcity and change

POLS3033 Environment, Human Security, and Conflict, Week 4 


Dr. Richard Frank
Image source: National Geographic (https://www.nationalgeographic.com/environment/2019/02/antarctic-greenland-ice-melt-less-bad/#)

https://www.nationalgeographic.com/environment/2019/02/antarctic-greenland-ice-melt-less-bad/#
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Image source: The Atlantic (https://www.theatlantic.com/photo/2018/11/camp-fire-ravages-paradise-california/575461/)

2. Living in the Anthropocene

https://www.theatlantic.com/photo/2018/11/camp-fire-ravages-paradise-california/575461/


3Image source: https://altaonline.com/how-green-was-their-valley/



4Image source: https://snowbrains.com/yosemite-national-park-ca-fire-highway-41-glacier-point-rd-closed/



5Image source: https://www.blendspace.com/lessons/tAHwRuMg8ms-rA/503-504-505-natural-resource-depletion 

Resource depletion

https://www.blendspace.com/lessons/tAHwRuMg8ms-rA/503-504-505-natural-resource-depletion
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Forest cover in Central Europe, 900CE and 1900CE

Source: Williams, Michael. 2000. “Dark Ages and Dark Areas: Global Deforestation in the Deep Past.” Journal of  Historical 
Geography 26(1): 28-46.
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Data source: World Bank
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Image source:  https://www.businessinsider.com.au/people-calling-911-from-worlds-biggest-corn-maze-2014-11

Agricultural employment

https://www.businessinsider.com.au/people-calling-911-from-worlds-biggest-corn-maze-2014-11
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Global population



13

Population growth
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United States
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Arable land and population growth
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Resource depletion



60% of  underground water is polluted.


Air and water pollution cost 3-6% of  GDP  in 2008 (Ministry of  
Environmental Protection (MEP)


Resource and environmental costs 13.5% of  GDP in 2005 
(Chinese Academy of  Sciences)


Air pollution contributed to 1.2 million premature deaths 
in China in 2010.
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Resource depletion’s economic costs in China
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What changes do you think either a decline in agricultural 
work or resource depletion has on the probability of  civil 
war?
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Lecture question #1
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Image source: The Atlantic (https://www.theatlantic.com/photo/2018/11/camp-fire-ravages-paradise-california/575461/)

2. Living in the Anthropocene

https://www.theatlantic.com/photo/2018/11/camp-fire-ravages-paradise-california/575461/
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3. Climate change anomalies and their effects
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Source: NASA Earth Observator (https://earthobservatory.nasa.gov/images/82908/global-temperature-anomaly-18802013)
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27Source: https://www.climatechangeinaustralia.gov.au/en/climate-campus/australian-climate-change/australian-trends/
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PROJECTIONS
FOR SELECTED AUSTRAL IAN C IT IES
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CANBERRA
These projections are based on average results for the 
cluster in which Canberra is located (See Figure 1). Projected 
changes presented here will be applicable to all other cities 
and sites in the cluster.

• Average temperatures will continue to increase in all 
seasons (very high con!dence).

• More hot days and warm spells are projected with very 
high con!dence. Fewer frosts are projected with high 
con!dence. 

• By late in the century (2090), less rainfall is projected 
during the winter and spring with high con!dence. 

• There is medium con!dence that summer and autumn 
rainfall will remain unchanged. 

• Increased evapotranspiration is projected (high 
con!dence).

• Extreme daily rainfall intensity is projected to increase, 
with high con!dence.

• A harsher %re-weather climate in the future (high 
con!dence). 

• On annual and decadal basis, natural variability in the 
climate system can act to either mask or enhance any 
long-term human induced trend, particularly in the next 
20 years and for rainfall.

TABLE A: PROJECTED CHANGES FOR 2030 AND 2090 FOR AVERAGE TEMPERATURE, RAINFALL, EVAPOTRANSPIRATION, WIND SPEED, 
SOLAR RADIATION AND RELATIVE HUMIDITY FOR THE CLUSTER IN WHICH CANBERRA IS LOCATED, RELATIVE TO THE 1986-2005 
AVERAGE. THE PROJECTIONS HAVE BEEN DERIVED FROM THE AVAILABLE GLOBAL CLIMATE MODEL SIMULATIONS IN THE CMIP5 
ARCHIVE (UP TO 40 MODELS) DRIVEN BY RCP4.5 AND RCP8.5 (INTERMEDIATE AND HIGH EMISSION SCENARIOS FOR GREENHOUSE 
GASES AND AEROSOLS). FOR 2030, RESULTS FOR ALL RCP’S ARE SIMILAR SO ONLY RCP4.5 VALUES ARE SHOWN. THE MEDIAN 
PROJECTION IS SHOWN WITH THE 10TH TO 90TH PERCENTILE RANGE IN BRACKETS.

VARIABLE SEASON 2030 RCP4.5 2090 RCP4.5 2090 RCP8.5

Temperature (°C) Annual 0.8 (0.6 to 1.1) 1.8 (1.3 to 2.4) 3.8 (2.7 to 4.5)

Rainfall (%) Annual -2 (-9 to +5) -6 (-16 to +4) -5 (-27 to +9)

Summer 0 (-15 to +13) -2 (-17 to +10) +6 (-13 to +27)

Autumn -1 (-24 to +12) -3 (-23 to +18) 0 (-29 to +26)

Winter -3 (-15 to +8) -8 (-21 to +7) -13 (-38 to +4)

Spring -3 (-16 to +12) -11 (-28 to +5) -12 (-48 to +6)

Evapotranspiration (%) Annual 2.6 (1 to 4.5) 5.4 (2.9 to 8.5) 12 (7.6 to 18.1)

Wind speed (%) Annual -1 (-2.9 to +1.5) -1.3 (-4.6 to +0.8) -0.6 (-5 to +2.6)

Solar radiation (%) Annual +0.7 (-0.1 to +1.7) 1.5 (0.1 to 3.2) +2.2 (0 to +4.9)

Relative humidity (%) (absolute) Annual -0.7 (-1.6 to +0.5) -1.6 (-4.1 to -0.3) -2.7 (-5.8 to -0.8)

TABLE B: CURRENT AVERAGE (1981–2010) ANNUAL NUMBER OF DAYS ABOVE 35 AND 40 °C AND BELOW 2 °C (FROST RISK) FOR 
CANBERRA (AIRPORT). ESTIMATES FOR 30-YEAR PERIODS CENTRED ON 2030 (RCP4.5) AND 2090 (RCP4.5 AND RCP8.5) ARE DERIVED 
BY APPLYING THE MEDIAN, 10TH AND 90TH PERCENTILE PROJECTIONS TO OBSERVED DAILY TEMPERATURE DATA FOR 1981-2010 
(ACORN-SAT).

THRESHOLD CURRENT 2030 RCP4.5 2090 RCP4.5 2090 RCP8.5

Over 35 °C 7.1 12 (9.4 to 14) 17 (13 to 23) 29 (22 to 39)

Over 40 °C 0.3 0.6 (0.4 to 0.8) 1.4 (0.8 to 2.8) 4.8 (2.3 to 7.5)

Below 2 °C 91 81 (87 to 76) 68 (75 to 61) 43 (52 to 35)

 7
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Data source: Bureau of  Meterology (http://www.bom.gov.au)
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4 days before 2000 

(35 years)

46 days 2001-2020 

(20 years)
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5 January 2020



Source: NASA 

(https://earthobservatory.nasa.gov/images/147110/grand-plateau-glacier)


Glacier Bay, 1984

https://earthobservatory.nasa.gov/images/147110/grand-plateau-glacier


35Source: NASA 

(https://earthobservatory.nasa.gov/images/147110/grand-plateau-glacier)


Glacier Bay, 2019

https://earthobservatory.nasa.gov/images/147110/grand-plateau-glacier
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Climate-exodus expected in the Middle East
and North Africa
2 May 2016

  
 

  

Plagued by heat and dust: Desert dust storms such as
here in Kuwait could occur more often in the Middle East
and North Africa as a result of climate change. In
addition, temperatures on very hot days could rise to 50
degrees Celsius on average in the region (approximately
122 degrees Fahrenheit) by the end of the century.
Credit: Molly John, Flickr, Creative Commons

The number of climate refugees could increase
dramatically in future. Researchers of the Max
Planck Institute for Chemistry and the Cyprus
Institute in Nicosia have calculated that the Middle
East and North Africa could become so hot that
human habitability is compromised. The goal of
limiting global warming to less than two degrees
Celsius, agreed at the recent UN climate summit in
Paris, will not be sufficient to prevent this scenario.
The temperature during summer in the already
very hot Middle East and North Africa will increase
more than two times faster compared to the
average global warming. This means that during
hot days temperatures south of the Mediterranean
will reach around 46 degrees Celsius
(approximately 114 degrees Fahrenheit) by mid-
century. Such extremely hot days will occur five
times more often than was the case at the turn of
the millennium. In combination with increasing air
pollution by windblown desert dust, the

environmental conditions could become intolerable
and may force people to migrate. 

More than 500 million people live in the Middle East
and North Africa - a region which is very hot in
summer and where climate change is already
evident. The number of extremely hot days has
doubled since 1970. "In future, the climate in large
parts of the Middle East and North Africa could
change in such a manner that the very existence of
its inhabitants is in jeopardy," says Jos Lelieveld,
Director at the Max Planck Institute for Chemistry
and Professor at the Cyprus Institute.

Lelieveld and his colleagues have investigated how
temperatures will develop in the Middle East and
North Africa over the course of the 21st century.
The result is deeply alarming: Even if Earth's
temperature were to increase on average only by
two degrees Celsius compared to pre-industrial
times, the temperature in summer in these regions
will increase more than twofold. By mid-century,
during the warmest periods, temperatures will not
fall below 30 degrees at night, and during daytime
they could rise to 46 degrees Celsius
(approximately 114 degrees Fahrenheit). By the
end of the century, midday temperatures on hot
days could even climb to 50 degrees Celsius
(approximately 122 degrees Fahrenheit). Another
finding: Heat waves could occur ten times more
often than they do now.

  
 

  

Unbearably hot: In the Middle East and North Africa, the
average temperature in winter will rise by around 2.5
degrees Celsius (left) by the middle of the century, and in

                               1 / 3
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States’ buffering capacity



Source: https://upload.wikimedia.org/wikipedia/commons/b/bb/New_Orleans_Stoop_Sitters_Louisiana_Natl_Guard_2008.jpg

https://upload.wikimedia.org/wikipedia/commons/b/bb/New_Orleans_Stoop_Sitters_Louisiana_Natl_Guard_2008.jpg
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NY subway system after Hurricane Sandy (2012)
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Source: NPR (http://www.npr.org/2015/10/08/446600221/to-flood-proof-subways-n-y-looks-at-everything-from-plugs-to-sheets)

http://www.npr.org/2015/10/08/446600221/to-flood-proof-subways-n-y-looks-at-everything-from-plugs-to-sheets
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Source: The New York Times. 2012. http://www.nytimes.com/2012/11/15/world/europe/netherlands-sets-model-of-flood-prevention.html?_r=0 
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Climate Change 
Risks to 
Australia’s Coast
A FIRST PASS NATIONAL ASSESSMENT

“[A]s of  October 2009, there are 711,000 addresses sited 

within 3km and under 6 metres elevation of  Australia’s 

cost.” (Department of  the Environment and Energy 2009: 73)
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Western Australia (18,700–28,900), Tasmania 
(8,700–11,600) and the Northern Territory 
(up to 180) (Figure 5.6). Storm tide estimates 
(for a 1-in-100 year event) were included in the 
analysis for New South Wales, Victoria and Tasmania 
only. For other states only modelled high water level 
was included in the analysis, so actual exposure to 
extreme events would be expected to be higher.

The current replacement value of existing residential 
buildings at risk from inundation ranges from 
$41 billion to $63 billion. The replacement value data 
and the number of buildings at risk are drawn from the 
National Exposure Information System database.

Estimates of residential buildings at risk of inundation 
are based on current assets only. Given projections 
that Australia’s population could double by 2100 
(Figure 5.5), signifi cantly increased exposure of 
coastal assets would occur in the future in the absence 
of adaptation measures.

Soft shorelines prone to instability were also identifi ed, 
based on shoreline characteristics in the National 
Coastal Geomorphology Mapping (Chapter 3). 
Nationally, nearly 39,000 residential buildings are 
located within 110 metres of potentially erodible 
shorelines, with nearly 40 per cent of those buildings 
located in Queensland (see Figure 5.7). It should be 
noted that there was no consideration of existing 
protective structures in this assessment.
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Figure 5.6 Estimated number of existing residential buildings at risk of inundation from a sea-level rise of 1.1 metres (including 1-in-100 storm tide 
for New South Wales, Victoria and Tasmania, and high tide event for other states and the Northern Territory).

Figure 5.7 Number of residential buildings located within 55 and 
110 metres of ‘soft’ coastlines.17

Est. # of  existing residential buildings at risk of  flooding 
from a 1.1m sea level rise & a 1-in-100 year storm surge
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5 Figure 5.9 Estimated number of existing residential buildings in New South Wales at risk of inundation from a sea-level rise of 1.1 metres 
and a 1-in-100 year storm tide.

Local government areas that have the greatest 
level of risk are Lake Macquarie, Wyong, Gosford, 
Wollongong, Shoalhaven and Rockdale, which 
collectively represent over 50 per cent of residential 
buildings at risk in New South Wales (upper range; 
Figure 5.9). Inundation footprints of some regions are 
shown in Figures 5.10–5.12.

Between 5,100 and 6,800 buildings in the LGA of 
Lake Macquarie may be affected by sea-level rise 
and storm tide inundation by 2100, with the upper 
range representing around 10 per cent of the current 
residential building stock. This number is comparable 
to the results of topographical mapping of coastal and 
estuarine regions by the New South Wales Department 
of Planning29, which found some 6,500 addresses on the 
Lake Macquarie waterway foreshore below 2.5 metres 
AHD and at risk of inundation by 2100 from the 
combination of sea-level rise and fl ood (Box 5.3).

Lake Macquarie, together with Wyong and Newcastle, 
was also included in an assessment in 2009 of the 
implications of sea-level rise and fl ood events for the 
Hunter and Central Coast region of New South Wales.30 
This study identifi ed areas of residential, commercial 
and industrial assets in the Hunter and Central Coast 
region as at risk to sea-level rise by 2030 and 2070. 
The study also highlighted a threshold risk; sea-level 

rise combined with a storm event could potentially 
result in a total breach of certain sand dune areas 
by 2070, causing signifi cantly higher damage to 
ecosystems and infrastructure (see Box 5.4).

The inundation analysis (Figure 5.9) also indicates 
that the LGAs of Great Lakes, Rockdale (bordering 
Botany Bay) and Shellharbour have a high proportion 
of existing residences at risk within their boundaries, 
with a substantial 18–20 per cent of existing buildings 
potentially affected by 2100 (upper range estimate). 

The vulnerability of Rockdale to sea-level rise and 
other climate change factors was highlighted in a 
recent study by the Sydney Coastal Councils Group. 
This study Systems approach to regional climate 
change strategies in metropolises focused on the 
capacity of the 15 councils to adapt to climate change 
(see Box 5.5). The study identifi ed spatially areas 
within the LGA boundaries that were vulnerable to 
climate change risks, including from sea-level rise 
and storm surge events. The Rockdale LGA, situated 
on the edge of Botany Bay, features as particularly 
vulnerable to the future impacts of sea-level rise. 
Sydney airport, which is located within the Botany 
Bay local government area, has an increased risk of 
inundation with climate change (see Box 5.14).
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Box 5.5 Sydney Coastal Councils Group  

The Systems approach to regional climate change 
adaptation strategies in metropolises project 
focussed on the capacity of 15 Sydney coastal 
councils to adapt to climate change. Stage 1 of the 
project involved the assessment and mapping of 
climate change vulnerability throughout the region. 
The assessment was based on potential climate 
impacts including:

sea-level rise and coastal hazards• 

extreme rainfall and urban stormwater • 
management

extreme heat and human health effects• 

bushfi re• 

natural ecosystems and assets. • 

These were assessed against three main groups 
of exposure, sensitivity and adaptive capacity 
indicators. The study found that overall the inner 
city councils of Botany Bay, Leichhardt, North 
Sydney, Randwick, Rockdale and Sydney, had 
the highest levels of climate change vulnerability. 
Sea-level rise was a key driver of risk for the 
Botany Bay, Leichhardt, Manly, Rockdale and 
Sydney councils, all of which were considerably 
more vulnerable than the average. 

The vulnerability for each local government was 
spatially variable because of different levels of 
climate exposure, higher sensitivity to damage 
and/or a limited capacity to adapt with almost every 
Council having at least one impact area to which 
it had a high degree of vulnerability. Interestingly 
the study found that demographics, socio-economic 
conditions and response capabilities are often 
equally, if not more, important than biophysical 
hazards, in determining the level of vulnerability to 
climate change and the potential for harm.

The study identifi ed that the most common barriers 
to managing climate change included differing 
levels of community social capital; perceptions of 
risk and knowledge; the need for infrastructure risk 
appraisal; planning and development; and existing 
decision-making processes. 

This project was recently awarded the 2009 Eureka 
Award for ‘Innovative solutions to climate change’. 

Further information on the project is available at 
www.sydneycoastalcouncils.com.au
Source: Preston et al. 200834
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5
A large number of people, critical services, and 
commercial and tourist activities are located in low 
elevation areas of Cairns at risk of storm tides.59

A risk assessment60 found that a 1 per cent AEP 
(1-in-100 year) storm tide event (2.15m above 
AHD plus wave set up, shallow water wind waves 
and breaking sea wave) associated with a cyclone 
could affect more than 2,500 buildings with above 
fl oor inundation (Figure 5.20) and fl ood up to 
100 kilometres of roads with 0.5 metres or more of 
water. Under this scenario, over-fl oor inundation 
would also affect the Calvary Hospital, police 
headquarters, an ambulance station, Cairns City 
Council head offi ce, and nineteen other critical 
facilities (based on 1999 locations).61 

A more severe 0.2 per cent AEP (1-in-500 year) 
event with a storm tide of 3.39 metres above 
AHD (plus wave set up, shallow water wind 
waves and breaking sea wave) could affect over 
8,800 buildings with above fl oor inundation 
(Figure 5.20). Over 90 per cent of the buildings 
in the city, Parramatta Park, Portsmith, Machans 
Beach, Manunda and Cairns North could be 
impacted. It is also likely that 35 critical facilities 
would be inundated with more than 1m of water 
(above fl oor level) and more than 15,000 people 
may need to be evacuated from inundated areas.62

A 0.1 per cent AEP (1-in-1,000 year) storm 
tide event associated with a high Category 3 or 
Category 4 cyclone could be devastating. It should 
also be noted that these estimates are from the 
impacts of storm tide alone, and do not account for 
the impacts of cyclonic winds and intense rainfall 
that would also be associated with a cyclone.

CSIRO has undertaken research into the impact of 
potential changes to tropical cyclones from climate 
change for the Cairns area.63 The modelling of a 
10 per cent increase in cyclone intensity indicated 
that the area inundated by a 1-in-100 year event 
could more than double under climate change 
(Figure 5.21). 

Figure 5.20 Modelled impact of a 1 per cent AEP (left) and 0.2 per cent AEP storm tide scenario (right).Source: Granger et al 1999.58

Figure 5.21 Storm surge extent from a 1-in-100 year storm under the 
current climate and 2050 climate. Source: Nicholls et al. 2007

Box 5.6 Tropical cyclone and storm tide risk in Cairns

Source: Granger et al. 199964; McInnes et al. 200365; Nicholls et al 200766
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3. Climate change anomalies and their effects



57Image source: Military Times 

(https://www.militarytimes.com/news/your-military/2020/02/12/us-army-africa-commander-were-not-walking-away-from-africa/)

4. Environmental change and conflict

https://www.militarytimes.com/news/your-military/2020/02/12/us-army-africa-commander-were-not-walking-away-from-africa/


Source: https://www.defence.gov.au/Operations/
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2  |  T H E  A U S T R A L I A N  N A T I O N A L  U N I V E R S I T Y  

I. COURSE OVERVIEW 

________________________________________________________________________________ 

 

Learning Outcomes 

 

Upon successful completion of this course, students will have the knowledge and skills to: 

 

1. Identify and explain how environmental conflicts and human security are inter-related; 

2. Analyse the tensions between interests and values of a diversity of actors involved in contemporary 

conflicts over resource access; 

3. Demonstrate knowledge of a specific case of conflict, through the application of the concepts and 

analytical frameworks introduced in the course; 

4. Identify the impact on human security of different alternatives for conflict resolution. 

 

Assessment Summary 

 

Assessment task Value 
Linked  

learning outcomes 
Due date 

Workshop participation 10% 2 n/a 

Mid-term literature review, 1,500 words  30% 1 Wed of week 6 

Essay proposal, 500 words 10% 3, 4 Wed. of week 9 

Final essay, 2,500-3,000 words 50% 1, 2, 3, 4 1
st
 week of exam period 

 

 

Course Outline 

 

Week   Summary 

 

Section 1: Defining terms, actors, and interests 

Week 1  Introduction, course overview, and conflict 

Week 2  Economic development and economic instability 

Week 3  Political institutions and instability 

Week 4  Environmental change and scarcity 

   

Section 2: Causes 

Week 5  Population 

Week 6  Migration 

  Teaching break (no class) 
Week 7  Water 

Week 8  Food 

Week 9  Natural resources 

Week 10    Natural disaster   

   

Section 3: Responses  

Week 11  Domestic responses 

Week 12  International cooperation 

   

  



Source: World Health Organisation 

(http://www.who.int/globalchange/environment/ecosystem_assessment_large.jpg?ua=1)

Environmental change

(WHO diagram)

http://www.who.int/globalchange/environment/ecosystem_assessment_large.jpg?ua=1
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�������DQG�IURP�+RPHU�'L[RQ���(QYLURQPHQWDO�6FDUFLW\�DQG�*OREDO�6HFXULW\��+HDGOLQH�6HULHV��1HZ
�<RUN��)RUHLJQ�3ROLF\�$VVRFLDWLRQ���������7KH�DXWKRU�WKDQNV�WKH�SDUWLFLSDQWV�LQ�WKH�3URMHFW�RQ
�(QYLURQPHQWDO�&KDQJH�DQG�$FXWH�&RQIOLFW��HVSHFLDOO\�SURMHFW�FR�GLUHFWRUV�-HIIUH\�%RXWZHOO�DQG
�*HRUJH�5DWKMHQV��7KH�'RQQHU�&DQDGLDQ�)RXQGDWLRQ�IXQGHG�WKH�DUWLFOH
V�SUHSDUDWLRQ�

����7KRPDV�+RPHU�'L[RQ���2Q�WKH�7KUHVKROG��(QYLURQPHQWDO�&KDQJHV�$V�&DXVHV�RI�$FXWH
�&RQIOLFW���,QWHUQDWLRQDO�6HFXULW\��9RO������1R�����)DOO��������SS���������
����7KH�WKUHH�\HDU�3URMHFW�RQ�(QYLURQPHQWDO�&KDQJH�DQG�$FXWH�&RQIOLFW�EURXJKW�WRJHWKHU�D�WHDP
�RI�WKLUW\�UHVHDUFKHUV�IURP�WHQ�FRXQWULHV��,W�ZDV�VSRQVRUHG�E\�WKH�$PHULFDQ�$FDGHP\�RI�$UWV
�DQG�6FLHQFHV�DQG�WKH�3HDFH�DQG�&RQIOLFW�6WXGLHV�3URJUDP�DW�WKH�8QLYHUVLW\�RI�7RURQWR�

�,QWHUQDWLRQDO�6HFXULW\��9RO������1R�����6XPPHU��������SS������
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1. Greenhouse-induced climate change


2. Stratospheric ozone depletion


3. Degradation and loss of  good agricultural land


4. Degradation and removal of  forests


5. Depletion and pollution of  fresh water supplies


6. Depletion of  fisheries

Homer-Dixon’s (1994) causes of  conflict



H1 (simple-scarcity wars): Decreasing supplies of  physically 
controllable environmental resources will lead to conflict.


H2 (group-identity conflicts): Large population movements 
caused by environmental stress will lead to conflict.


H3 (deprivation conflicts): Environmental scarcity will lead to 
increased economic deprivation and disruption social institutions 
which will lead to conflict

63

Homer-Dixon’s expected relationships



Environmental change shrinks the resource pie. 


Population growth divides the pie into smaller slices.


Unequal resource distribution means that some groups get 
disproportionately large slices. 

64

Homer-Dixon’s (1994) sources of  renewable resource scarcity
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�(QYLURQPHQWDO�6FDUFLWLHV�DQG�9LROHQW�&RQIOLFW�_���

�DQG�LW�KDV�D�PDMRU�XQLYHUVLW\�WKDW�VHUYHG�DV�DQ�RUJDQL]DWLRQDO�EDVH�IRU�UDGLFDOV

�WKDW�EHFDPH�WKH�FRUH�RI�6HQGHUR��7KH�XQLYHUVLW\
V�UHPRWHQHVV�DOVR�PHDQW

�WKDW�VWXGHQWV�ZHUH�GLVSURSRUWLRQDWHO\�IURP�WKH�SHDVDQWU\��DQG�FRXOG�WKHUH�

�IRUH�UHWXUQ�WR�WKHLU�FRPPXQLWLHV�ZLWK�HDVH��PRUHRYHU��WKH\�ZHUH�OHVV�OLNHO\
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�RZQHUV�WR�OHDYH�WKH�UHJLRQ��7KH�9HODVFR�UHJLPH�GLG�QRW�ILOO�WKH�YDFXXP�ZLWK

�QHZ�SROLWLFDO�DQG�VHFXULW\�LQVWLWXWLRQV��LQ�SDUW�EHFDXVH�DQ�HFRQRPLF�GRZQ�

�WXUQ�ODWHU�LQ�WKH�GHFDGH�UHGXFHG�WKH�JRYHUQPHQW
V�UHVRXUFHV�IRU�WKH�WDVN�
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Conflict

Env.t’l 
scarcity

Yes No

Yes  

No

Is Homer-Dixon’s (1994) case selection process useful in 
reaching generalisable conclusions?
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What are a few costs and benefits of  only looking at cases 
where there is both environmental scarcity and conflict?

Lecture question #2



69Image source: Military Times 

(https://www.militarytimes.com/news/your-military/2020/02/12/us-army-africa-commander-were-not-walking-away-from-africa/)

4. Environmental change and conflict

https://www.militarytimes.com/news/your-military/2020/02/12/us-army-africa-commander-were-not-walking-away-from-africa/


70Image source: https://medium.com/@uncclearn/4-climate-change-
dynamics-that-might-contribute-to-existing-or-future-conflicts-8e8d48ba76c1 

5. Climate, resources, and conflict
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War/conflict/crisis Primary commodities

American revolution trade routes & commodities

American civil war cotton & other agricultural commodities, 
slave labor

Chile-Bolivia’s War of  the Pacific, 
1879-83 nitrate

Finnish-Soviet war nickel

Iraq’s invasion of  Kuwait oil

Liberia timber

Sierra Leone diamonds

Côte d’Ivoire cocoa

South China Sea dispute oil

Examples of  int’l/domestic resource conflicts



Non-renewables like oil and mineral resources 
can be more easily converted into state power.


States that are more dependent on non-
renewables are poorer.

72

Why are non-renewable resources more likely 
to cause conflict?
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Manantali Dam, Mali



75



76
Source: https://www.domain.com.au/news/canberras-light-rail-could-drive-up-property-values-along-tram-line-20160617-gowyke/
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Continue to rely on resource but compensate those who 
have limited resource access.


Shift economy away from resources that are being depleted.


Both strategies require government resources.

78

Coping strategies



Climate change is a threat multiplier for instability. (Salehyan 

2008: 316 quoting US military officers’ report; emphasis added)


No evidence yet that environmental degradation is a 
necessary or sufficient condition for armed conflict.


What is important is the interactive effect of  
environmental and political systems.


“In short, resource scarcity, natural disasters, and long-
term climatic shifts are ubiquitous, while armed conflict 
is rare; therefore, environmental conditions, by 
themselves, cannot predict violent outbreaks.” (Salehyan 
2008: 319; emphasis added) 79

Climate change and conflict



Develop better measures of  political institutions.


Develop exogenous measures (natural conditions that 
humans cannot control) of  environmental stress.


Model endogenous relationships (e.g. between environment 
pressures and political failures).


Look for interactive, contingent effects.

80

Areas for research improvement (Saleyhan 2008)



The environmental and social costs of  
resource extraction


The environmental impacts of  conflict

81

Two additional factors (Buhaug & Theisen 2012)



If  you can think it, Hsiang et 
al.(2013) probably tested it.

82

How many links between climate 
and conflict can you think of?
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Quantifying the Infl uence of Climate 

on Human Confl ict

Solomon M. Hsiang,* Marshall Burke, Edward Miguel

Introduction: Despite the existence of institutions designed to promote peace, interactions between 

individuals and groups sometimes lead to confl ict. Understanding the causes of such confl ict is 

a major project in the social sciences, and researchers in anthropology, economics, geography, 

history, political science, psychology, and sociology have long debated the extent to which climatic 

changes are responsible. Recent advances and interest have prompted an explosion of quantitative 

studies on this question.

Methods: We carried out a comprehensive synthesis of the rapidly growing literature on climate and 

human confl ict. We examined many types of human confl ict, ranging from interpersonal violence 

and crime to intergroup violence and political instability and further to institutional breakdown 

and the collapse of civilizations. We focused on quantitative studies that can reliably infer causal 

associations between climate variables and confl ict outcomes. The studies we examined are experi-

ments or “natural experiments”; the latter exploit variations in climate over time that are plausibly 

independent of other variables that also affect confl ict. In many cases, we obtained original data 

from studies that did not meet this criterion and used a common statistical method to reanalyze 

these data. In total, we evaluated 60 primary studies that have examined 45 different confl ict data 

sets. We collected fi ndings across time periods spanning 10,000 BCE to the present and across all 

major world regions.

Results: Deviations from normal precipitation and mild temperatures systematically increase the 

risk of confl ict, often substantially. This relationship is apparent across spatial scales ranging from a 

single building to the globe and at temporal scales ranging from an anomalous hour to an anoma-

lous millennium. Our meta-analysis of studies that examine populations in the post-1950 era sug-

gests that the magnitude of climate’s infl uence on modern confl ict is both substantial and highly 

statistically signifi cant (P < 0.001). Each 1-SD change in climate toward warmer temperatures or 

more extreme rainfall increases the frequency of interpersonal violence by 4% and intergroup 

confl ict by 14% (median estimates). 

Discussion: We conclude that there is more agreement across studies regarding the infl uence of cli-

mate on human confl ict than has been recognized previously. Given the large potential changes in 

precipitation and temperature regimes projected for the coming decades—with locations through-

out the inhabited world expected to warm by 2 to 4 SDs by 2050—amplifi ed rates of human confl ict 

could represent a large and critical social impact of anthropogenic climate change in both low- and 

high-income countries.

FIGURES AND TABLE IN THE FULL ARTICLE

Fig. 1. Samples and spatiotemporal resolu-
tions of 60 studies examining intertemporal 
associations between climatic variables and 
human confl ict.

Fig. 2. Empirical studies indicate that clima-
tological variables have a large effect on the 
risk of violence or instability in the modern 
world.

Fig. 3. Examples of paleoclimate reconstruc-
tions that fi nd associations between climatic 
changes and human confl ict.

Fig. 4. Modern empirical estimates for the 
effect of climatic events on the risk of inter-
personal violence.

Fig. 5. Modern empirical estimates for the 
effect of climatic events on the risk of inter-
group confl ict.

Fig. 6. Projected temperature change by 2050 
as a multiple of the local historical SD (σ) of 
temperature.

Table 1. Primary quantitative studies testing 
for a relationship between climate and con-
fl ict, violence, or political instability.

SUPPLEMENTARY MATERIALS

Supplementary Text
Figs. S1 to S4
Tables S1 to S4
References (140, 141)
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Table 1. Primary quantitative studies testing for a relationship between
climate and conflict, violence, or political instability. “Stat. test” is Y if the
analysis uses formal statistical methods to quantify the influence of climate
variables and uses hypothesis testing procedures (Y, yes; N, no). “Large effect”
is Y if the point estimate for the effect size is considered substantial by the
authors or is greater in magnitude than 10% of the mean risk level for a 1s

change in climate variables. “Reject b =0” is Y if the study rejects an effect size
of zero at the 95% confidence level. “Reject b = 10%” is Y if the study is able
to reject the hypothesis that the effect size is larger than 10% of the mean risk
level for a 1s change in climate variables. –, not applicable. SSA, sub-Saharan
Africa; PDSI; Palmer Drought Severity Index; ENSO, El Niño–Southern Os-
cillation; NAO, North Atlantic Oscillation; N. Hem., Northern Hemisphere.

Study Sample
period

Sample
region

Time
unit

Spatial
unit

Independent
variable

Dependent
variable

Stat.
test

Large
effect

Reject
b = 0

Reject
b = 10% Ref.

Interpersonal conflict (15)
Anderson et al. 2000* 1950–1997 USA Annual Country Temp Violent crime Y Y Y – (34)
Auliciems et al. 1995† 1992 Australia Week Municipality Temp Domestic violence Y Y Y – (29)
Blakeslee et al. 2013 1971–2000 India Annual Municipality Rain Violent and

property crime
Y Y Y – (42)

Card et al. 2011†‡ 1995–2006 USA Day Municipality Temp Domestic violence Y Y Y – (37)
Cohn et al. 1997§ 1987–1988 USA Hours Municipality Temp Violent crime Y Y Y – (30)
Jacob et al. 2007†‖ 1995–2001 USA Week Municipality Temp Violent and

property crime
Y Y Y – (35)

Kenrick et al. 1986¶ 1985 USA Day Site Temp Hostility Y Y Y – (27)
Larrick et al. 2011†‡‖ 1952–2009 USA Day Site Temp Violent retaliation Y Y Y – (36)
Mares 2013 1990–2009 USA Month Municipality Temp Violent crime Y Y Y – (39)
Miguel 2005†‡ 1992–2002 Tanzania Annual Municipality Rain Murder Y Y N N (40)
Mehlum et al. 2006 1835–1861 Germany Annual Province Rain Violent and

property crime
Y Y Y – (43)

Ranson 2012†‖ 1960–2009 USA Month County Temp Personal violence Y Y Y – (38)
Rotton et al. 2000§ 1994–1995 USA Hours Municipality Temp Violent crime Y Y Y – (31)
Sekhri et al. 2013† 2002–2007 India Annual Municipality Rain Murder and

domestic violence
Y Y Y – (41)

Vrij et al. 1994¶ 1993 Netherlands Hours Site Temp Police use of force Y Y Y – (28)
Intergroup conflict (30)

Almer et al. 2012 1985–2008 SSA Annual Country Rain/temp Civil conflict Y Y N N (65)
Anderson et al. 2013 1100–1800 Europe Decade Municipality Temp Minority expulsion Y Y Y – (63)
Bai et al. 2010 220–1839 China Decade Country Rain Transboundary Y Y Y – (50)
Bergholt et al. 2012‡# 1980–2007 Global Annual Country Flood/storm Civil conflict Y N N Y (75)
Bohlken et al. 2011‖# 1982–1995 India Annual Province Rain Intergroup Y Y N N (44)
Buhaug 2010# 1979–2002 SSA Annual Country Temp Civil conflict Y N N N (22)
Burke 2012‡‖# 1963–2001 Global Annual Country Rain/temp Political instability Y Y N** N (71)
Burke et al. 2009‡‖#†† 1981–2002 SSA Annual Country Temp Civil conflict Y Y Y – (64)
Cervellati et al. 2011 1960–2005 Global Annual Country Drought Civil conflict Y Y Y – (54)
Chaney 2011 641–1438 Egypt Annual Country Nile floods Political Instability Y Y Y – (70)
Couttenier et al. 2011# 1957–2005 SSA Annual Country PDSI Civil conflict Y Y Y – (53)
Dell et al. 2012# 1950–2003 Global Annual Country Temp Political instability

and civil conflict
Y Y Y – (21)

Fjelde et al. 2012‡# 1990–2008 SSA Annual Province Rain Intergroup Y Y N** N (55)
Harari et al. 2013# 1960–2010 SSA Annual Pixel (1°) Drought Civil conflict Y Y Y – (52)
Hendrix et al. 2012‡‖# 1991–2007 SSA Annual Country Rain Intergroup Y Y Y – (46)
Hidalgo et al. 2010‡‖# 1988–2004 Brazil Annual Municipality Rain Intergroup Y Y Y – (25)
Hsiang et al. 2011‖# 1950–2004 Global Annual World ENSO Civil conflict Y Y Y – (51)
Jia 2012 1470–1900 China Annual Province Drought/flood Peasant rebellion Y Y Y – (56)
Kung et al. 2012 1651–1910 China Annual County Rain Peasant rebellion Y Y Y – (47)
Lee et al. 2013 1400–1999 Europe Decade Region NAO Violent conflict Y Y Y – (57)
Levy et al. 2005‡‖# 1975–2002 Global Annual Pixel (2.5°) Rain Civil conflict Y Y N** N (49)
Maystadt et al. 2013# 1997–2009 Somalia Month Province Temp Civil conflict Y Y Y – (66)
Miguel et al. 2004#‡‡ 1979–1999 SSA Annual Country Rain Civil war Y Y Y – (48)
O’Laughlin et al. 2012‡‖# 1990–2009 E. Africa Month Pixel (1°) Rain/temp Civil/intergroup Y Y Y – (23)
Salehyan et al. 2012 1979–2006 Global Annual Country PDSI Civil/intergroup Y Y Y – (76)
Sarsons 2011 1970–1995 India Annual Municipality Rain Intergroup Y Y Y – (45)
Theisen et al. 2011‡# 1960–2004 Africa Annual Pixel (0.5°) Rain Civil conflict Y N N N (24)
Theisen 2012‡‖# 1989–2004 Kenya Annual Pixel (0.25°) Rain/temp Civil/intergroup Y Y N** N (14)
Tol et al. 2009 1500–1900 Europe Decade Region Rain/temp Transboundary Y Y Y – (60)
Zhang et al. 2007§§ 1400–1900 N. Hem. Century Region Temp Instability Y Y Y – (59)

Institutional breakdown and population collapse (15)
Brückner et al. 2011# 1980–2004 SSA Annual Country Rain Inst. change Y Y Y – (78)

Continued on next page
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Quantifying the Infl uence of Climate 

on Human Confl ict

Solomon M. Hsiang,* Marshall Burke, Edward Miguel

Introduction: Despite the existence of institutions designed to promote peace, interactions between 

individuals and groups sometimes lead to confl ict. Understanding the causes of such confl ict is 

a major project in the social sciences, and researchers in anthropology, economics, geography, 

history, political science, psychology, and sociology have long debated the extent to which climatic 

changes are responsible. Recent advances and interest have prompted an explosion of quantitative 

studies on this question.

Methods: We carried out a comprehensive synthesis of the rapidly growing literature on climate and 

human confl ict. We examined many types of human confl ict, ranging from interpersonal violence 

and crime to intergroup violence and political instability and further to institutional breakdown 

and the collapse of civilizations. We focused on quantitative studies that can reliably infer causal 

associations between climate variables and confl ict outcomes. The studies we examined are experi-

ments or “natural experiments”; the latter exploit variations in climate over time that are plausibly 

independent of other variables that also affect confl ict. In many cases, we obtained original data 

from studies that did not meet this criterion and used a common statistical method to reanalyze 

these data. In total, we evaluated 60 primary studies that have examined 45 different confl ict data 

sets. We collected fi ndings across time periods spanning 10,000 BCE to the present and across all 

major world regions.

Results: Deviations from normal precipitation and mild temperatures systematically increase the 

risk of confl ict, often substantially. This relationship is apparent across spatial scales ranging from a 

single building to the globe and at temporal scales ranging from an anomalous hour to an anoma-

lous millennium. Our meta-analysis of studies that examine populations in the post-1950 era sug-

gests that the magnitude of climate’s infl uence on modern confl ict is both substantial and highly 

statistically signifi cant (P < 0.001). Each 1-SD change in climate toward warmer temperatures or 

more extreme rainfall increases the frequency of interpersonal violence by 4% and intergroup 

confl ict by 14% (median estimates). 

Discussion: We conclude that there is more agreement across studies regarding the infl uence of cli-

mate on human confl ict than has been recognized previously. Given the large potential changes in 

precipitation and temperature regimes projected for the coming decades—with locations through-

out the inhabited world expected to warm by 2 to 4 SDs by 2050—amplifi ed rates of human confl ict 

could represent a large and critical social impact of anthropogenic climate change in both low- and 

high-income countries.

FIGURES AND TABLE IN THE FULL ARTICLE

Fig. 1. Samples and spatiotemporal resolu-
tions of 60 studies examining intertemporal 
associations between climatic variables and 
human confl ict.

Fig. 2. Empirical studies indicate that clima-
tological variables have a large effect on the 
risk of violence or instability in the modern 
world.

Fig. 3. Examples of paleoclimate reconstruc-
tions that fi nd associations between climatic 
changes and human confl ict.

Fig. 4. Modern empirical estimates for the 
effect of climatic events on the risk of inter-
personal violence.

Fig. 5. Modern empirical estimates for the 
effect of climatic events on the risk of inter-
group confl ict.

Fig. 6. Projected temperature change by 2050 
as a multiple of the local historical SD (σ) of 
temperature.

Table 1. Primary quantitative studies testing 
for a relationship between climate and con-
fl ict, violence, or political instability.

SUPPLEMENTARY MATERIALS

Supplementary Text
Figs. S1 to S4
Tables S1 to S4
References (140, 141)
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Climate and confl ict across spatial scales. Evidence that temperature infl uences the risk of modern human 

confl ict: (A) local violence in 1° grid cells, (B) civil war in countries, and (C) civil confl ict risk in the tropics. The map 

depicts regions of analysis corresponding to nonparametric watercolor regressions in (A) to (C). The color intensity 

in (A) to (C) indicates the level of certainty in the regression line.
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are very large or very small but with uncertainties
that are also very large, leading us to place less
confidence in these extreme findings. This intui-
tion is formalized in our meta-analysis, which ag-
gregates results across studies by down-weighting
results that are less precisely estimated.

The strength of a finding is sometimes sum-
marized in a statement regarding its statistical
significance, which describes the signal-to-noise
ratio in an individual study. However, in prin-
ciple, the signal is a relationship that exists in the
real world and cannot be affected by the researcher,
whereas the level of noise in a given study’s

finding (i.e., its uncertainty) is a feature specific
to that study—a feature that can be affected by a
researcher's decisions, such as the size of the sam-
ple they choose to analyze. Thus, although it is
useful to evaluate whether individual findings are
statistically significant and it is important to down-
weight highly imprecise findings, individual studies
provide useful information even when their find-
ings are not statistically significant.

To summarize the evidence that each statisti-
cal study provides while also taking into account
its precision, we separately consider three ques-
tions for each study in Table 1: (i) Is the estimated

average effect of climate on conflict quantitative-
ly “large” in magnitude (discussed below), regard-
less of its uncertainty? (ii) Is the reported effect
large enough and estimated with sufficient pre-
cision that the study can reject the null hypothesis
of “no relationship” at the 5% level? (iii) If the
study cannot reject the hypothesis of “no rela-
tionship,” can it reject the hypothesis that the
relationship is quantitatively large? In the litera-
ture, often only the second question is evaluated
in any single analysis. Yet, it is important to
consider the magnitude of climate influence (first
question) separately from its statistical precision,

1 2 3 40

Standard deviations

Fig. 6. Projected temperature change by 2050 as a multiple of the local
historical SD (s) of temperature. Temperature projections are for the A1B
scenario and are averaged across 21 global climate models reporting in the
Coupled Model Intercomparison Project (CMIP3) (96). Changes are the difference

between projected annual average temperatures in 2050 and average temper-
atures in 2000. The historical SD of temperature is calculated fromannual average
temperatures at each grid cell over the period 1950–2008, using data from the
University of Delaware (131). The map is an equal-area projection.
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Fig. 5. Modern empirical estimates for the effect of climatic events on
the risk of intergroup conflict. Eachmarker represents the estimated effect
of a 1s increase in a climate variable, expressed as a percentage change in the
outcome variable relative to its mean. Whiskers represent the 95% CI on this
point estimate. Colors indicate the forcing climate variable: A coefficient is
positive if conflict increases with higher temperature (red), greater rainfall loss
(blue), greater rainfall deviation from normal (green), more floods and storms
(gray), more El Niño–like conditions (brown), or more drought (orange), as
captured by different drought indices. The dashed line indicates the median

estimate; the top solid black line denotes the precision-weighted mean, with
its 95% CI shown in gray. The panels at right show the precision-weighted
mean effect (circles) and the distribution of study results for all 21 results
looking at intergroup conflict or for the subset of 12 results focusing on
temperature effects (which includes the ENSO and drought studies).
Distributions of effect sizes are either precision-weighted (solid lines) or
derived from a Bayesian hierarchical model (dashed lines). See the
supplementary materials for details on the individual studies and on the
calculation of mean effects and their distribution.
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Source: Kenrick and MacFarlane (1986)



88
Source: Kenrick and MacFarlane (1986:  188)



89Image source: https://medium.com/@uncclearn/4-climate-change-
dynamics-that-might-contribute-to-existing-or-future-conflicts-8e8d48ba76c1 

5. Climate, resources, and conflict



90Image source: https://www.caracaschronicles.com/2016/07/28/el-furrial/

6. A Venezuela case study
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“With more than 4 million displaced, Venezuelans make up the 
world’s second-largest refugee crisis, after Syria’s — but they 
haven’t received nearly as much help from the international -
community. 


Spending on Syrians peaked at more than $5,000 per displaced 
person, the Organization of  American States reported in July. 
Venezuelans have received about $300 per person.


A $738 million appeal by the United Nations and other -
organizations last year has netted less than a quarter of  that goal.”


Anthony Faiola and  Rachelle Krygier. 2019. “As Venezuela’s crisis deepens, the most vulnerable are joining the exodus.” 
Washington Post 8 August.

94



West Texas Intermediate crude oil price in constant US$

95Source: http://www.macrotrends.net/1369/crude-oil-price-history-chart

W. Texas intermediate crude oil prices (constant US$)

http://www.macrotrends.net/1369/crude-oil-price-history-chart


96Source: https://www.bloomberg.com/news/articles/2020-08-06/misery-ranking-will-show-u-s-getting-worse-versus-rest-of-world

Venezuela has the world’s most miserable economy

(According to Bloomberg’s 2020 misery index)



97Source: https://www.bloomberg.com/features/2016-venezuela-cafe-con-leche-index/
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Source: https://www.reuters.com/article/us-venezuela-animals-idUSKCN1AW2NN



100
Source: http://www.miamiherald.com/news/nation-world/world/americas/venezuela/article167335697.html



101Source: https://www.theguardian.com/world/2019/jul/23/venezuela-blackouts-new-normal
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105Source: https://www.washingtonpost.com/news/worldviews/wp/2017/06/29/venezuela-may-be-sliding-into-a-civil-war/



Please watch the Financial Times and France 24 videos on Venezuela. 


While watching these videos, I want you to think about the following question 
and explain why you reached the conclusion you reached:


If  Venezuela does slide into conflict, should it be attributed to: 


1) The political and economic decisions of  Hugo Chavez and Nicholas Maduro


2) US sanctions 


3) Geography and geology


4) Something else (explain what)
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Lecture question #3



107Image source: https://www.caracaschronicles.com/2016/07/28/el-furrial/

6. A Venezuela case study


