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ontemporary and future water system --

globe, the U.S., the region

* Highlight contributions from Earth system
science & technology to strategic water
assessment and forecasting

« Announce a NE corridor community-based
hydro-synthesis effort



A Scientific
Data Set
That Has
Mobilized the
Politics of a
Planet
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Water for
development

Maintaining aquatic
ecosystem services




= Contributions from Earth System Science

* |n situ networks
» Operational satellite-based monitoring of the

Present vegetation hydrosphere
e Simulation models and data analysis tools (NWP-

4DDA, GCMs, RCMs, ESMs)
» Geo-referenced social science data
..are creating new ways to view the
“global water crisis”
..to inform policy and
Improve management
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16% of population

84% of global population
served by 50% of global
runoff.
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B 0to 10 High resolution mapping

10 to 50

50 10 100 shows ca. 20%
L] 10010500 population w/ no access
M 500 to 1,000 to renewable water

. - supply

Vorosmarty et al. (2005), Millennium Assessment,
Conditions & TrendsWorking Group

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

*Dry half to experience increasing
pressure on water resource base |,



Relative Change in Discharge per Person fromn Contemporary
to 2030 for Climate and Population Change Scenarios
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Climate Change Only =1
(ECHAMS A1B scenario 4 |
and 2000 Population) AN

economic B 4
development another |7
critical Issue

Climate and Population
Change

(ECHAMS A1B scenario
and 2030 Population)
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— lIrrigation
— Dams and Reservoirs

— Interbasin Transfer/Flow Diversion
e Benefits & Concerns

e Often These are Costly Supply-side
Solutions
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Irrigation & Urban Water Use in Excess of
Sustainable Supplies

Documentary
evidence and
simulations now
converging

Degree of Water Stress
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overuse

» Creates a biodiversity
teleconnection on both

nature & economies

|t " -

35,000 km of ——
hydrovias.... direct
links to

globalization &

food trade
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PANDEMIC ENGINEERING OF SURFACE WATERS
Distortion of Natural Hydrographs

Stored Runoff
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 700% increase in
water held by river
systems

« Several years of
residence time change
in many basins

o Tripling of river runoff
travel times globally
(from 20 up to 60
days)

* Substantial impact on

aquatic biodiversity

* Interception of 30% of

continental TSS flux

Framing Committee/GWSP 2004, Eos AGU Transactions




Nile Delta Irrawaddy Delta
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Total Nitrogen Loadings (MT Nkm2/yr) . * &
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Obvious consequences on: water resources,
aquatic biodiversity, human health
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The Living Planet Index, 1970-99
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The Living Mlanet Index, developad by the World Conservation Monitoring Centre (UNEP-w MO and WWE,
prowides an indicator of the health of the three major ecosystams types of the planet. It is bassd on the population
trendsz of marine, freshwater and forest spocies,




Percent with Improved
Drinking Water Sources
[ <s0%

| 50%-75%
| 76%-50%
91%=100%

sanitation I oo

Figure 7.13. Proportion of Population with Improved Drinking Water Supply, 2002 (WHC/UNICEF 2004)
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[ Insufficient data

1" . billion globally from
“ . health costs and

decreased labor
productivity

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

WHO/UNICEF 2004



“Humans Transforming the Water Cycle:
Community-Based Activities in

Central Goal:

To quantify widespread alteration of
hydrologic systems over local-to-regional
domains focusing on the North East corridor
of the United States over a 500-yr period
(1600 to 2100)

“The 500-year Challenge”

CUAHSI



1800-1900

1900-25

1925-50

1950-75

1975-90

The future

colonial towns and construction
Agrarian to industrial ~ 60-80% land cleared for large farms,

transition introduction of deep plough and guano-based fertilizers,
metropolitan expansion
Industrial urbanization ~ Chemical-based fertilizers,
"inter-urban" rail feeding industrial suburbs
Automotive urbanization Increased fertilizers, large farm operations, wetlands drainage,
suburban expansion
Highway urbanization ~ Modern highway connections, drive-in commerce,
mega-suburbs encroaching upon farmlands, wetlands, forest
Modern urban sprawl ~ Decrease in cultivated land and forest, urban expansion forms,
megalopolis
Post-industrial Regional ecosystem management, climate change, US energy
policy carbon mitigation/sequestration, pollution management
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How and why did hydrauli

engineering evolve in the
NE corridor? And what is
its likely trajectory into the
future?

...emblematic of water development globally

Source : National Inventory of Dams
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EXPLANATION
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Unified “vertically?
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Regional Earth System Modeling

Large Drainage Basin Models

Virtual Watersheds

/

Indicators of Hydro-System State

N

Unified “horizontally for temporal continuity
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Figure 2. Human water-use regimes. The relative magnitudes of normalized human withdrawals (1,
versus return flows (hy,) are plotted on the cenfral plot Example regime is given for South Platte River
Baszin, U.5., bazed on Dennehy ef al. [19593]. The panels show the four end-member regimes that
bound the domain of possible water-use regimes for & hydrologic system. Dashed arrows indicate

fluxes that are either zero or very small relative to the other fluxes on 2ach panel.

For convenience,

the natural-flow-dominated panel asumes humid climatic conditions (F = ET). See text equations (3),
(6), and (T) for definitions of all terms. Fluxes into and out of storage are not shown.

From: Weiskel et al. 2007, WRR
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Paople per km
. E, 001 - 7002

Population density by county
1800, 1890, 1990

Sousce: UMBEG and Cengus Bureau
215138
Mo data




1. POPULATION DENSITY P(R) FOLLOWS THE RELATION:

p(r)=pe™
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radial distance from central core

2. THERE EXIST A CORRELATION BETWEEN OCCUPIED LOCATIONS IN
THE CITY AND THE PROBABILITY OF DEVELOPING EMPTY LOCATIONS

a d(a) . d(b) 5
d(a)< d(b)
p_occupied(a)> p_occupied(b)

L e oL BERLIN 1920

BERLIN 1945

site percolation REAL DATA SIMULATION

D.P.WARD ET. AL, ‘AN OPTIMIZED CELLULAR AUTOMATA APPROACH FOR SUSTAINABLE URBAN DEVELOPMENT IN RAPIDLY
UrBaMIZING REGIONS (1999)

Courtesy: C. Zevenbergen, UNESCO-IHE Delft
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The Day Has Arrived Where We Need to Think of Regional

Carbon Inventories and Regional Ecosystem Management

Climate Change / Current Met Primary Preduction (Ratio)
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science of water, but require social science perspectives

* Regional-scale gives “ground-truth” to global patterns
...... global patterns give context to regional change

* N.E. emblematic of patterns globally: rich set of synthesis
topics & opportunities for environmental surveillance



— 6-8 Weeks In residence Boston Metro Area

— Team-oriented work driven by graduate students & several
mentors

— Topic for 2007
Water in the Northeast: The 16th and 17th Centuries


http://www.wsag.unh.edu/
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