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ONTPRO. THE CHANGING NATURE OF WATER SECURITY
g AND ITS SOCIO-ENVIRONMENTAL STRESSES

Water Security and Conflict Session, MIT Global Change Forum
March 23, 2023 Cambridge, MA

Many thanks to: Chas Fant, Xiang Gao, Cypress Frankenfeld, Andrei Sokolov, Shelli Orzach, Alyssa McCluskey,
Jen Morris, Angelo Gurgel, Seb Eastham, Sergey Paltsev, Ken Strzepek, and John Reilly




HOW CAN AND SHOULD WE DEFINE AND QUANTIFY WATER
“SECURITY”

Broad diffusion of metrics across regions; scales; framing; and indicator
formulation.

Historically, definitions and interpretations have varied with geographic
regions and research aims. Thus - actors (scholars, planners, managers, and

) ] . . ) In May 2018, UN Water reported that “the world
stakeholders, etc.), are using the concept in widely diverging ways.

is not on track to achieve SDG6” by 2030

Notwithstanding the palpable rise in use, a comprehensive understanding of puneshs Mo
how water security is conceptualized and employed in different contexts R pesce dustce
around the world is limited.

y % Institutions

More recently - “security” is seen more thru a lens of humans’ achievement

through development. Water fits within this broader definition embracing N Dy
political, health, economic, personal, food, energy, environmental and other SUSTXIFjABLE
concerns and acts as a central link between them.” UN-Water/United Nations Simate DEVELOPMENT 8.5

A, ¢
Action G- 2 ALS Equality
w -

UN-Water on “water security” — define as the capacity of a population to:

» Safeguard sustainable access to adequate quantities and acceptable quality
of water.

* Sustain livelihoods, human wellbeing, and socio-economic development. — W

* Protect against waterborne pollution and water-related disasters. nequltes SRR o

Infrastruﬂure
* Preserve ecosystems in a climate of peace and political stability.
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Water Risk Index in 2050 Paris Forever Scenario
(2021 Global Change Outlook MIT Joint Program)

TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

Legend 7 ,
:’ Transboundary River Basin§';
| Basin Country Unit Boundaries

Country Boundaries

BRINGING AND BRIDGING
TOGETHER CONCEPTS OF
WATER SECURITY AND

CONFLICT
* Reliability

* Quality

* Quantity

* Safe and equitable access

* Environmental provisioning of water
* Transboundary water resources

* Multitude of metrics

WWEF, 2009; UNEP, 2009; WEF, 2011; UN-
Water, 2013; UNESCO, 2013
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S GOING BEYOND “WATER WARS”
/“*( MACRO VS. MICRO AND INTRA- VS. INTER- NATIONAL

”/ WATER SECURTIY AND “CONFLICT”

A\

Early 2000s studies noted basins with potential for political stresses — within 5 to 10 years.
Basins included: Kunene; Okavango; Orange; Limpopo; Incomati; Lake Chad; Sengal; Ganges,
Brahmaphutra; Meghna; Mekong; Saleen and Ob. Nearly 20 years after these studies - no
widespread violent conflict occurred.

A transboundary violent conflict that did occur is in Euphrates-Tigris — but primarily
precipitated by the U.S. invasion of Iraq and subsequent militia-charged political/ethnic
turmoil. Powell et al. (2017) and Swain (2015)

Sub-national “conflicts” have been on the rise and dominate the global rise in water-related
“conflicts” (Water Conflict Chronology - Pacific Institute, 2022)

Simply put, water-security conflicts are (seemingly) becoming more granular — and contexts
and definitions of conflict have moved well beyond limited focus on military risks and
conflicts (WMO and Gerlak et al., 2018).

Thus, water-related conflicts can be categorized as follows: (Pacific Institute, 2022)

Trigger: Water as a trigger or root cause of conflict, where there is a dispute over the
control of water or water systems or where economic or physical access to water, or

scarcity of water, triggers violence.

\Aloaannan: \A/Iatar ac 2 wwiaannm nf canflict whaoarvro waratar rocAliveoace Ay wwiakoar cvvetarmce

WATER
QUALITY

Ganoulis, J., Fried, J. (2018)

1988-1993
Drought
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1995

Syrian wheat
production

self-sufficient
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: INTEGRATED GLOBAL SYSTEM MODEL FRAMEWORK

PROJECT RISKS IN THE NATURAL, MANAGED, AND BUILT ENVIRONMENTS

GLOBAL CHANGE

EPPA REGIONS

EPPA (Version 6): Chen et al., 2015; Earth- DISTRIBUTION OF
Human System System Components: Sokolov et al., PLAUSIBLE REGION AL OUTCOMES

Emissions Prediction and Policy Analysis (EPPA) 2009, Monier et al., 2013, Schlosser et -
National and/or Regional Economic Development, al., 2012 %\ﬁ ,‘& ,‘;‘,‘ﬁ
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IGSM-WRS: Strzepek, K., C. A. Schlosser, A. Gueneau, X. Gao, C. Processes (MITgcm) (TEM & NEM)

Fant, E.Blanc, and, B. Rasheed, and H. Jacoby (JAMES, 2013).

ESSMENT SuB-REGION

MULTI-SECTOR HUMAN AND NATURAL FORCES AND THEIR CHANGES.

HOW MUCH DOES MITIGATION HELP? WHERE DO WE ADAPT AND SUSTAIN?



MID-CENTURY WATER STRESS: CLIMATE MITIGATION CAN REDUCE - BUT NOT ELIMINATE -

HEIGHTENED RISKS OF GLOBAL POPULATION WITH INCREASED “WATER STRESS”

1) “Environmental water-stress” index: basin use of water has exceeded one-
third of its natural replenishment

2) "Societal water-stress” index: basin where 15% (or higher) of the basin’s
annual water demands cannot be met

Change in Global Population Exposed to Combined Water Stress
700 T

— Paris Forever
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— Population Only
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Unavoidable Under any Climate
or Climate-Target Actions
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2021 Global Change Outlook - MIT Joint Program

High-priority basins or regions include: the Arabian Peninsula, Brahmaputra, Danube, Huang He, Indus,
Ganges, Murray-Darling, Niger, Nile, Rio Grande, Southern Mediterranean, Volta and the Zambezi.

5.8 BILLION PEOPLE IN BASINS EXPOSED TO SOCIETAL WATER
STRESS (WATER-SUPPLY SHORTFALL). MORE THAN HALF OF THE
WORLD'S POPULATION WILL BE EXPOSED TO STRESSES ON ITS
WATER SUPPLY BY 2050

3.6 BILLION PEOPLE IN BASINS EXPOSED TO ENVIRONMENTAL
WATER STRESS (WITHDRAWAL BURDEN).

3.2 BILLION PEOPLE IN BASINS EXPOSED TO SOCIETAL AND
ENVIRONMENTAL WATER STRESS CONDITIONS.

3 OUT OF EVERY 10 PEOPLE WORLDWIDE WILL LIVE IN BASINS
WHERE SOCIETAL AND ENVIRONMENTAL PRESSURES ON WATER
RESOURCES WILL BE EXPERIENCED.

AGGRESSIVE CLIMATE MITIGATION REDUCES MIDCENTURY
POPULATION-UNDER-STRESS INCREASES BY ~10%.

CONSERVATIVE OUTLOOK - LACKS WATER QUALITY
CONSIDERATIONS (STAY TUNED).




CHANGE IN WATER STRESS RISKS (UNMET DEMAND)
MAPS SHOW 75TH PERCENTILE (1-IN-4 CHANCE OF HIGHER CHANGE) AT 2050

BENEFICIAL IMPACTS OF EFFICIENT MUNICIPAL AND INDUSTRIAL CONSUMPTION
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AT MID-CENTURY - WATER STRESS IS UP ACROSS THE CONTIGUOUS U.S. - REGARDLESS OF CLIMATE ACTION.

* \WIDESPREAD MUNICIPAL AND INDUSTRIAL EFFICIENCIES ADAPTATION CAN TURN THE TIDE OF RISK.




Unavoidable Yet (at least) Delayable Risks ‘ - WA
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The intersection of physical stressors, socio-
economic vulnerabilities, and inequities
affect the “hotspot” landscapes of overall
water “security”

Table 4. Summary of results from the combinatory risk metrics considering: 1) flood and water quality; 2) flooding, water quality,
and poverty; and 3) flooding, water quality, poverty, and nonwhite population. The table presents the top-five ranked states (listed
highest to lowest in the column) with the combined risk based on the percentage of counties of the state that are in the top 10%
among the nationally-pooled county values.

Rank Flood and Water Quality Flood Risk, Water Quality Food Ri:?'k, Water Quality, Poverty, and
and Poverty Non-white Population

1 West Virginia 67% West Virginia ~ 60% North Carolina 62%

2 Vermont 50% Kentucky 54% South Carolina 51%

3 New Hampshire  50% North Carolina  48% Arizona 40%

4 North Carolina  45% Arkansas 35% West Virginia 31%

5 Kentucky 40% Arizona 33% Kentucky and Georgia 30%




Many Signs point up for Bioenergy

“...it would be possible to produce twenty-one
times the current primary bioenergy supply and to
even supply all global primary energy demand in
2050, mostly by energy crops... There would be a
significant change in the composition of the

bioenergy supply from today’s mostly firewood to
energy crops... ”

Erreraa et al. (2023, Biomass and Bioenergy)

Projected non-hydropower renewable electricity generation, 2010-2035

billion kilowatthours per year eia
500 _ 5 e
history 2010 projections
400
advanced biofuels

cogeneration
300 biomass

power sector l

industrial CHP
200

wind

100

solar

geothemal
0 waste

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

U.S. Energy Information Administration, Annual Energy Outlook

Sugar and maize yields

Relative Change in 2050

With CO, fertilization

First-generation bioenergy

¢ Lignocellulo

51

sic crop yields

With CO, fertilization

Second-generation bioenergy

0 20

Gernaat et al., 2021 (Nature CC)




What are potential climate-related and land-management

consequences on water quality from bioenergy expansion ?
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WATER QUALITY MODEL

STRESS TESTING

Loading
* Nitrogen & Phosphorus loadings reduced to half of
historic

* Nitrogen & Phosphorus loadings increased by half
of historic

Climate
* Hot (+4C) and Warm (+2C)
* Wet (+50% flow) and dry (-50% flow)

Two socioeconomic growth conditions
e 2050 and 2090

* Domestic and Industrial demands

* Population

Results relative to “Control” scenario w/ historical

loading level
C ﬂrﬁ%%r?ﬁ stressors produce heterogenous and complex response cases acCross

basins.
- Cyanobacteria — resource competition

-  Phytoplankton (potamoplankton) response — productivity vs. mortality

2050 with Wet Basins

Total Nitrogen Changes

- Nitrogen — bacteria (de- and nitrifying), phytoplankton, organics, and

oxygen

- Phosphorus — hydrolysis, phytoplankton productivity/death/respiration and

- a2 al®*

2050 with Hot and Dry Basins

Projected
Temperature
an

Boehlert et al., 2015
Emissions General
Scenarios ~ _ Ci lati
g Chapra et al., 2014
Historical Changes in
Temperature Temperature
and an
Precipitation \ P Precipitation < T
J

Precipitation Soil characteristics, PET, Mt ke tsn
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runoff
N
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population projections
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* Broadening the scope of “security” and “conflict” — necessary yet nebulous

* Metrics, metrics, metrics — flexible, combinatory methods and diagnostics

e Security and conflict — sector specific and granular

* Complexity abounds — not an exercise in deterministic response.

* Emerging climate-related risks can be delayed.

e Solutions to water “security” and avoiding “conflicts” — a case of minimized consequences?

Thank you!




