Global Hydrology
Local Problems Move to
Global Syndromes
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THE NATIONAL ACADEMIES

Advisers to the Notion oa Science, Engiseering, ond Medicine

and Extreme Hydrology

TESTING CONVENTIONAL WISDOM

Land precipitation is changing significantly over broad areas

»
| Central North America (816 mm)

tem North Amenca (1163 mm) j | Northem Europe (748 mm)

 Mean land PPTT 2-3%
globally over last century

¢ WInnerS/loserS Smoothed annual anomalies for precipitation (%) over land from

: 0 . : 1900 to 2005; other regions are dominated by variability.
¢ Vanablhty INCreasing J 4 IpccyAR4 2007 W




THE NATIONAL ACADEMIES

Advisers to the Notion o Science, Engiseering, ond Medicine

U.S. Streamflow Trends, by Percentile

Streamflow Trends, 1944-2003, 530 Stations

No. of Stations with Signifi

hydrologic realities

(slower processes, complex Y
Spatlal pa tterns/processes 2ZUSGS source: updated from Lins and Siack, 1999, Geophys, Res. Lett, n, 229
including geology, biology,

land use, engineering “WETTER BUT
...Scale mismatches also) LESS EXTREME”




Relative Change in Discharge per Person fromn Contemporary
to 2030 for Climate and Population Change Scenarios

e

(ECHAM5 A1B scenario
and 2000 Population)

Population Change Only )
(20c3 scenario ;
and 2030 Population)

Climate and Population
Change '
(ECHAMS A1B scenario

and 2030 Population)

Vérésmarty, Levy, et al. --Recent work DISChaIQE/PErSON, oy £ 0.8-1.2 > S
: > 1.2

reported to National Intelligence Council DISCNOIGE/PEISON: T tow mopuiction densiy




Precipitation [mm/yr] Air Temperature [°C]

Runoff Change [mm/yr]
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Rockstrom et al., Nature 2009
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Nature: September 30 issue

Global Threats to Human Water Security and River Biodiversity
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Mapping dual threats to water security for
biodiversity and humans
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Global Threats to Human Water Security and River Biodiversity

Rivers maintain unique biotic resources and provide critical water supplies to people. The Earth's limited supplies
of fresh water and i iodiversity are to human mi of and
waterways. Multiple environmental stressors, such as agricultural runoff, pollution and invasive species, threaten
rivers that serve 80 percent of the world’s population. These same stressors endanger the biodiversity of 65
percent of the world’s river habitats putting thousands of aquatic wildlife species at risk. Efforts to abate fresh
water degradation through highly engineered solutions are effective at reducing the impact of threats but at a
cost that can be an economic burden and often out of reach for developing nations.

Download article and
Supplementary
Information:




Major Sources of Threat to
Inland Waters: Four Themes

Watershed Disturbance
*Cropland
sImperviousness
Livestock density
*Wetland disconnectivity

Pollutants
*Soil salinization
*Nitrogen loads
*Phosphorus loads
*Mercury deposition
*Pesticide loads
*TSS loads
*Organic (BOD) loads
*Potential for acidification
« Thermal impacts

Water Resource Development
*Small dam density
«Large dam impacts (residency time A)
*River network fragmentation
«Consumptive use (loss/supply)
«Water crowding (population/supply)
*Cropland crowding (area/ supply)

Biotic Threats
Invasion level (non-native fish)
*Non-native fish species richness
«Catch pressure
*Aquaculture

N = 23 global data fields
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AZ GWSP
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WebFigure 3: Impacted river reaches downstream of GRanD reservoirs in Africa.

Lehner et al. Frontiers in Ecology and
the Environment (in review)

Global Water
System Project
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CALCULATION OF
KEY WATER INDICATORS

Global RIMS

Global Rapid Indicator Mapping System for
Water Cycle & Water Resource Assessment

DIAn = domestic, industrial, agricultural water use
(km3 yr-1)incell n
YDIAp = DIA in cell n plus all upstream cells (km3 yr-1)
n
= YDIA;
i=1
Rp = locally-generated runoff (mm/yr)
Ap = area of cell n (km2)
QLn = 10° » Rn * Ap = locally generated discharge
(km3 yr-1)
n
Qcn = 2(1) L; = river corridor discharge (km3 yr-1)
f=
DIAn/Qcn = local relative water use (unitless)
2DIAp/Qcn = water reuse index (unitless) Key (cell n)
n = position of cell in river "

network

total number of
upstream cells plus
cell in question

DIAnp 3DIAp
3

Qcn ’ Qcn

Combined Indicator: N Pollution + Timing Shift (normalized 0-1)

Equation used

Frequency Histogram for the Calculated Data
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freshwater species are
extinct or imperiled

From: Strayer and Dudgeon (2010), J-NABS

« Have FW systems moved from the Holocene

into the Anthropocene?
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Two Views of Planet Earth: circa 2000
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Percent with Improved
Drinking Water Sources

B <50%

[] 50%-75%
[ 76%-90%
Bl 91%-100%
[] Insufficient data

« $100B ? globally from
health costs and
decreased productivity

* Political not technical
failure..no esoteric
technology needed

Percent Using
Improved Sanitation

B <50%

[ ] 50%-75%
[ 76%-90%
Bl 91%-100%
[T Insufficient data

7

Figure 7.14. Proportion of Population with Improved Sanitation Coverage, 2002 (WHO/UNICEF 2004)

WHO/UNICEF 2004, 2010



Human Water Security

Large $$ & Energy Costs
o , * Treat symptoms rather

g : <—— Incident Threat e ClIEEE
T . » Strand poor & BD under
0, Beneficiary Effect of Investments high levels of threat
5° : « Water management
£ < Atenuated Threat . impacts (like from dams)
= o 1 | | | benefit rich countries impair BD and

05 1025 5010 25 Ecosystem Services

GDP (PPP) 103 USD per capita
Infrastructure investments are huge: $0.75Trillion/yr for OECD & BRIC alone by 2015

C. Why so different?

>
Earth System
Science Partnership




In Conclusion

* Pandemic fingerprint of human-induced
impacts on water systems.../ocal effects
move to regional and global syndromes

* Human Water Security (HWS) and
Biodiversity (BD) at high levels of incident
Threat...persist into the future

* Engineering interventions reduce Threat to
HWS in developed world.... "stranding ”
developing world HWS and global BD in state
of high Threat



In Conclusion

* Integrated, "soft path” and “ounce-of-
prevention” alternatives can spare
developing world the costly (in $$ & environmental
terms) Strategy of treating symptoms and not
causes

...but we need interdisciplinary perspectives,
technologies to monitor & simulate, and
broad-thinking in policy-making & planning
.. visioning ~ sustainable water futures
requires insights from the past
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* Peter Davies

OUTPUTS AND METHODOLOGY CAN BE FOUND IN:

Vorosmarty et al. (2010) “Global threats to human water
security and river biodiversity”, Nature 467: 555-561 (30 Sept.
issue)

For more information: www.riverthreat.net ; Email: contact@riverthreat.net



ARCTIC SYSTEM SCIENGE ™
AND POLICY SUPPORT

A CALL-TO-RESEARCH

Individual agency
program
managers T T o




—Arctic Ocean and Sea Ice Tipping Points

- Biology & Feedbacks
—Marine Ecosystems Plus
—Terrestrial Ecosystems incl. Freshwater Inter-D

« Human systems Themes

—Arctic human communities



Represents product of >20 researchers
& practitioners (2008 Seattle Workshop)

SOCIETAL APPLICATIONS
« Human Health Research
« Climate Change Mitigation
» Public & Private Infrastructure Vulnerabilities
» Subsistence Harvest & Commercial Fisheries
 Non-renewable Resource Extraction
* |ce Navigation
* Oil Spill Preparedness, Response, Restoration



o detect, study, and/or predict.

4: Scales of human perception are much different than those
associated with the study of natural systems.

5: Information has not been well structured to facilitate cross-scale
studies.

6: Science conclusions and uncertainties require beftter translation
into information for policymakers.
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Scaling Studies in Arctic Research
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ARCTIC SYSTEM SCGIENGE™
AND POLICY SUPPORT

A CALL-TO-RESEARCH

For more information:
See: www.arctic.gov

U.S. ARCTIC RESEARCH COMMISSION

Email: info@arctic.gov




