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Outline

• Abstraction for DIA
• Water management infrastructure
• Land cover change
• Institutions & pricing
• Climate change
• Reciprocal linkages: 

– Humans settle in moist but not too moist zones
– Water quality



Schematic of Human Activities in Hypothetical 
River Basins

Source: Acreman, M. 1998 “Principles of Water Management for People and the 
Environment,” In: Water and Population Dynamics: Local Approaches to a Global 
Challenge. de Sherbinin & Dompka (eds.). Washington, DC: AAAS.



ABSTRACTION FOR DIA



Night-time Lights as a Proxy for 
Domestic/Industrial Use



GDP: Proxy for Domestic & Industrial Use Source: Sutton & 
Costanza, 2001

Nile Indus

Ganges Mekong



Source: Siebert, Doll, et al. Global Map of Irrigation Areas. University of Frankfurt and FAO.



WATER MANAGEMENT 
INFRASTRUCTURE



Flow Stabilization

• 40,000 large dams, ~800,000 small dams

• Positive effects: water for irrigation, 
industry, and domestic purposes; flood 
control; hydroelectricity

• Negative effects: fragmentation and 
destruction of habitat; loss of species, 
health impacts from stagnant water; loss 
of sediments and nutrients to 
downstream systems

Source: Vorosmarty. 2006 Pilot Environmental Performance Index.



South America: IIRSA

10

• Initiative for the Integration of 
Regional Infrastructure in South 
America (IIRSA)

• Purpose: Regional integration; 
launched in 2000

• EIA: More than 360 infrastructure 
projects, mainly transportation 
(roads, ports, airports, waterways, 
bridges, and railroads) and energy 
(hydropowers, gas pipelines, and 
transmission lines). Each project will 
require a separate assessment.

• Estimated Impacts: Will directly 
impact ~ 2.5 million km2 in South 
America, including, just in Brazil, 137 
conservation units, 107 indigenous 
areas, and 484 areas considered of 
high priority for conservation due to 
biodiversity.



LAND COVER CHANGE



Land Cover Change

• Affects:
– Evapotranspiration
– Infiltration rates
– Runoff quantity
– Runoff timing



Land Cover Change

Source: Matthew Hansen, South Dakota State University



Global gross forest cover loss, 2000 to 2005

(error bars represent 95% confidence intervals for area of gross cover loss)

Source: Matthew Hansen, South Dakota State University



Impervious Surfaces
• Affects flow regulation: Increases 
peaks and valleys in runoff

•Affects water quality through oil 
and gas residues





INSTITUTIONS & PRICING



Institutions & Markets

• Integrated water resources management 
(IWRM) – mostly tested at catchment level

• >400 water sharing agreements (see 
http://www.transboundarywaters.orst.edu/database/) 

• Water laws
– National
– State/provincial

• Economy
– Structure of the economy
– Water markets & pricing

http://www.transboundarywaters.orst.edu/database/�






CLIMATE CHANGE



Climate Change: Precip.-Evaporation (~2030)

1) wet areas getting wetter
2) dry areas getting drier  
3) subtropical dry zones expanding poleward



Climate Change: Projected Change in Runoff (2080)

Source:  Nohara et al.(2006). Impact of climate change on river runoff. 
Journal of Hydrometeorology. 7: 1076-1089, cited in the IPCC AR4 WG-2 
report.



~500 million people live in regions where runoff is 
projected to decline by more than 20% by 2080

Source: Adamo and de Sherbinin (2009). “The impact of climate change on the 
spatial distribution of populations and migration.” Proceedings of the Expert Group 
Meeting on Migration. New York: UN Population Division.



Glacier melt – A quarter of the world s population



Drying up and moving out - Central America



Living with floods and resettlement –
The Mekong Delta



Climate Change Mitigation & 
Adaptation Impacts

• Biofuel 
plantations

• Forest 
plantations

• Hydroelectric 
power facilities

• Water transfer 
schemes

• Sea wall 
construction



RECIPROCAL LINKAGES



Linkages are Reciprocal –
Not Just One Way

Source: de Sherbinin & Dompka (eds.). 1998. Water and Population Dynamics: Local Approaches to a 
Global Challenge. Washington, DC: AAAS.



Population by Köppen Climate 
Classification

-
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Wet Tropical Temperate & Tropical with Dry Season Arid & Semi-Arid

Climate classes: Af, Afi, 
Am, Ami

Climate classes: Aw, Awi, C, 
Ca, Cb, Cc, Cf, Cfa, Cfb, Cfc, 
Cw, Cwa, Cwb, Cwc, Cs, Csa, 

Csb, Csc

Climate classes: BS, 
BSh, BSk, BSk’, BW, 

BWh, BWk, BWk

Note: Cold and Polar climate classes excluded; source data from CIESIN’s Population, Landscape and Climate Estimates v.2

too wet just right too dry



The Geophysical PictureSocial Science Data

•Importance of upstream source 
areas: note Amazon/S. Asian 
contrast 

•Notion of tradeoffs w/in basinSource: Vörösmarty et al. (2005), Millennium 
Assessment, Conditions & Trends Working Group

Humans 
Interacting 
w/ the 
Global 
Water 
Cycle--The 

Picture Today

High resolution mapping 
shows ca. 20% 
population w/ no access 
to renewable water 
supply

•

Driest half Wettest half

84% 16% of population





Water Quality Index (of the 2008 EPI)



Over-allocation to Irrigation 

Bushfire Recovery Impacts Expanding Plantations

Drying & Warming Climate

Uncapped Groundwater Extraction

Expanding Farm Dams

Growing Urban Demand

The Environmental Flows Imperative

Australia: The perfect storm

8 
Water Scarcity Factors

Source: David Lemon, CSIRO 



Conclusions

• We live in the 
antrhopocene

• Human impacts are 
ubiquitous

• Some countries/regions 
are like to experience 
significant water-related 
stress in 21st C.
– China
– India
– Australia
– Middle East
– Central America
– The Mediterranean basin

Countries with two or more risk factors 
(dangerous neighborhood, crisis history, low 
capacity), by % population with <1,000 m3

50% 100%0%

Source: Levy et al. 
2008.
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