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Pleas, complaints on indicators…heard many times

• WWDR-1 and 2 --long lists of potential indicators
(>150, 66 respectively)

• Tables highly fragmentary across countries
• Poor integration across chapters
• Some address H2O directly, others only tangentially
• Recycled from other sources but few unique value-

added products
• Similar issues raised in many other assessments of

indicators & monitoring
• So…the WWDR “report card series” provides:

 No time series of report card grades



Innovation-averse?

• “irregular updating”, “key
    information still missing”,
   “some monitoring systems
    …. of little use”, “monitoring
    systems poorly described”

• And then the statement
   “impressive progress 
   using global spatial 
   information”



Contributions from Earth System Science
• Augmenting in situ networks in severe decline
• Operational satellite-based monitoring of the

hydrosphere
• 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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The Geophysical Picture   Social Science Data

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

•Notion of tradeoffs w/in basinVörösmarty et al. (2005), Millennium Assessment,
     Conditions & TrendsWorking 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
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Climate variability
=

Hydrological variability

Vörösmarty et al. AMBIO 34: 230-236

Distinctions between
Climate/Climate Variability
and
Hydrology/Hydrological
Variability

The Role of River Corridors
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• Agriculture
distributed into
relatively dry areas

• Much of African
cropland unserved
by irrigation

• Irrigation water use
greatest in driest
zones, made
possible in part by
river corridor flows

• River corridors --
opportunities for
water resources but
likely to feel impacts
of any major “GR2”
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From: Weiskel et al. 2007, WRR

A NATIONAL WATER
ACCOUNT
FRAMEWORK

From: Vörösmarty et al. 2005, MA-Water



By country

Report…..

--WWAP Web
--Parallel Indicator Docs From: 2006 PILOT EPI



Across countries

…example-some water
components of the EPI
(Env. Performance Index) From: 2006 PILOT EPI

Report…..
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• GOALS of the GWSP Indicators Effort:
- Develop new class of metrics depicting the GWS,

built on geospatial data on geophysics,
biology/BGC, socio-economic information

- Develop information-rich means to engage
partners: Inside and outside of GWSP



 Integrated Approaches to Global Water Resource Assessment
and Global Change Studies

Links Geophysics of Water, Governance, Vulnerability, Supply Limitations Imposed
by Pollution & Ecosystem Flow Requirements



THE OVERARCHING GOAL OF GSI:
“State-of-the-Global Water System”

Application 1:
A Definitive

ESS-based Global
Water Resource

Assessment

Application 2:

GWS Change and

Its Significance

Powered by GWSP Data Sets, Models, Thematic Activities
Outside Affiliates and “Demands” of the Users



• Tasks and supporting activities (from Spring 2005)
– Hands-on Workshop in Wallingford
    (Water Wealth/Poverty) (June 2005)
    1st Issues in GWS
– Preparatory technical meeting in
    Durham (EcoHydrology Mapping)
    (April 2007)
– Development of tools and data sets
– TISORL Cross-Cutting Workshop (Theme 4)
    (Sept. 2007)

Highlights of Recent Progress



The key data sets are classified into five broad categories (number of indicators): 

  1. Flow and Hydrology (11) 

  2. Hydrologic Connectivity / Floodplains (6) 

  3. Barriers / Fragmentation (2) 

  4. Land Use / Watershed Characteristics (5) 

  5. Biodiversity (after consultation with Diversitas) 

Target basins for high resolution prototype tests (with plans for eventual global coverage): Orange 

(S. Africa), Murray-Darling (Australia), Rio Grande (US, Mexico), Columbia (US), Sao 

Francisco (Brazil), Mekong (int'l SE Asia), Danube (int'l Europe), Yellow (China), Ganges-

Barahmaputra (int'l S. Asia), Volta (int'l W. Africa) 

 

Data/Tool Preparation for
TISORL: User-defined
Data “bundles” (Durham ‘07)

Ecohydrological Mapping Exercise (EME)



Exploration of EM Indicators:
Murray-Darling Test Case

Individual Index*: (X-Xmin) / (Xmax-Xmin)

                            or I (X-Xmin) / Xmax-Xmin) I

Composite Threat Index * =
    ( [N Potential load]
       + [Peak flow timing shift]
          +  [Change in Flow Variability] ) / 3

Good condition is 0
     Highly threatened is 1

* Truncated at 10th, 90th percentile



• DEFINE WATERSHED STATE
BASED ON LOCAL AND
RECURSIVE INDICES

• GOOGLE AND OPEN MAP
SERVERS

• MAP SYSTEM STATES OVER
SPACE & TIME



…then along comes Halpern & company





FW Response to Halpern et al
Discussions fueled by beer, wine,

and caffeinated beverages

GOAL: To convene, execute, and synthesize the outcomes
from a joint GWSP-DIVERSITAS Workshop on Global
Threats to Freshwater, resulting in a strategic paper to
Science that will serve as the freshwater analogue or
complement to the Halpern et al. (2008) contribution on
human threats to the world's oceans.



Through….
two primary maps presented in the paper, which are

effectively two geographies of:

1. Global threats to the freshwater resource base for human use,
which would necessarily consider water for the domestic,
industrial, and agricultural sectors; and,

2. Global threats to freshwater required and made available to
natural ecosystems

…focus on “well-reasoned” threats



 

1 Converted Agricultural Land 0.31 0.28 0.0620 0.0532

2 Imperviousness 0.20 0.25 0.0400 0.0475

3 Livestock Density 0.26 0.25 0.0520 0.0475

4 Soil Salinization 0.23 0.22 0.0460 0.0418

1.00 1.00

5 Nitrogen Loads 0.18 0.15 0.0576 0.0360

6 Phosphorus Loads 0.11 0.14 0.0352 0.0336

7 Mercury 0.30 0.00 0.0960 0.0000

8 Pesticides 0.22 0.14 0.0704 0.0336

9 Water Erosion 0.03 0.18 0.0096 0.0432

10 Organic Loads (BOD) 0.12 0.19 0.0384 0.0456

11 Potential Acidification 0.04 0.11 0.0128 0.0264

12 Thermoelectric Cooling 0.00 0.09 0.0000 0.0216

1.00 1.00

13 Dam Density 0.81 0.65 0.0891 0.1495

14 Floodplain Connectivity 0.19 0.35 0.0209 0.0805

1.00 1.00

15 Relative Loss of Discharge 0.47 0.26 0.1692 0.0598

16 Discharge Coefficient of Variability 0.15 0.12 0.0540 0.0276

17 Timing Shift of Maximum Flow 0.04 0.13 0.0144 0.0299

18 Change of Flow Range 0.09 0.12 0.0324 0.0276

19 Change of Frequency of Zero Flow 0.07 0.19 0.0252 0.0437

20 Relative Water Withdrawal vs. Supply 0.10 0.10 0.0360 0.0230

21
Residency Time Change Downstream 

from Dams
0.08 0.08 0.0288 0.0184

1.00 1.00

22 Invasive Fish Species 0.50 0.36 0.0050 0.0396

23 Catch Pressure 0.50 0.64 0.0050 0.0704

All Themes 
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1.00 1.00 1.00 1.00 1.00 1.00
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Calculation Strategy
• Conjoin classes of threat
   through consensus-based
   weightings (0-1)

• “Themes” and within-theme
    “drivers”
•  Threat routed through
networks, normalized
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GWSP-DIVERSITAS
PARTNERSHIP

• Consensus-based effort

• Map & assess threats to
-Human water supply
-Aquatic biodiversity

• >20 global, geospatial data
sets on 5 theme areas
(watershed disturbance,
pollutants, habitat
fragmentation, flow distortion,
invasive species)

    threat

    threat

>threat
to BD

>threat
to HWS

BD=biodiversity HWS=human water supply

Aggregate
Biodiversity

Threat



With that introduction….
….the lab will continue with some
       hands-on experiments with the
         Global-RIMS toolkit and some
             demonstration data sets

See: http://riverhealth.sr.unh.edu/



This is a work-in-progress….
….and the lab exercise was prepared as a
     service to you, for instructional purposes only
.…as a professional courtesy please do not cite
      cite or redistribute any data sets or indicators

See: http://riverhealth.sr.unh.edu/
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