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“The laws of its (percolating groundwater) existence
and progress cannot be known or regulated. It rises to
great heights, and mouves collaterally by influences beyond
our apprehension. These influences are so secret,
changeable, and uncontrollable, we cannot subject them to
requlations of law, nor build upon them a system of rules,
as has been done with streams of the surface”.

Roath v. Driscoll
Connecticut Supreme Court 1880




Physical scarcity

Economic scarcity

Little or no scarcity
{__ Indicates countries that will import more
than 10 percent of their cereal consumption in 2025

(ROE

Not estimated

Projected water scarcity in 2025.

Source: World Water Forum 2000



INTERLOCKING CRISES
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DEVELOPMENT



The Competition for Water

Use vs. Use

Present vs. Future

Region vs. Region

Quantity vs. Quality

Water vs. Other Natural Resources

Water vs. Other Social Priorities



Potential Water Conflicts Arise:

Out of scarcity (permanent and temporary)
Out of differences of goals and objectives

Out of complex social and historical factors (such as pre-existing
antagonisms)

Out of misunderstandings or ignorance
Out of skewed power between localities, regions, or nations
Out of significant data gaps or question of validity and reliability

Out of particular hydropolitical issues at stake (e.g. dam
construction)






Long-term fluctuations in sea surface temperatures have a huge impact on surface temperatures and rainfall around the globe

The Pacific Decadal Oscillation index - the relative mean surface temperature of the Pacific north of 20° latitude
(adjusted to exclude the long-term warming trend). Low values are linked to lower global surface temperatures

@ Global surface temperature A Major volcanic eruptions causing cooling
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The Atlantic Multidecadal Oscillation index - the relative mean surface temperature of the Atlantic north of the
equator (adjusted to exclude the long-term warming trend). High values correlate with summer rainfall in India
and the Sahel region of Africa, but lower summer rainfall in the western US

Trend information only for: @ Sahel rainfall @ India rainfall @ Atlantic hurricanes
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SPECIAL REPORT GLOBAL WARMING

BE
WORRIED.
BE

WORRIED.

Climate change isn't some vague
future problem=it% already
damaging the planet at an alarming
pace, Here's how it affects you, your
kids and their kids as well

EARTH AT THE TIPPING POINT
HOW IT THREATENS YOUR HEALTH

HOW CHINA & INDIA CAN HELP
SAVE THE WORLD—OR DESTROY IT

THE CLIMATE CRUSADERS



http://www.time.com/time/magazine/0,9263,7601060403,00.html
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Extent and severity of the 2003 drought



CLIMATE

Nary a Drop
to Spare _

Drought grips the West oo ; ‘ : 3 n eas : hed Earth Five years into a severe drought,
s : : 1 3 A enough water to meet the diverse needs in the
r United States. Farmers are leaving dry fields fallow,
N . : g NG, T are imposing water-use restrictions on residents, and
Messner family have : " S i < 5 : 148 - ctric plants are scaling back power production.
farmed the land near Twin . § %

Falls, Idaho, but none had ever b : N {mr,::’e:gw:'é’jmal
seen it get this dry. It’s worse even oo dy i 5 : 3 > X% A3l Survey data)

Gillette,
YVyoming W

hree generations of the

 Height of county
P indicates volume.
of fresh water use.

il Probahile crop Joss, high fire risk,
freguent water shortages
! W - Crop damage, fire risk, water
Lakeside, NS shortages developing
Nebraska %

than during
the Dust Bowl

years of the 1930s. \
“In the 80-plus-year >
) L

history of the canal com-
pany that supplies us water, :
; i Phoenix,
) Los Angeles, Arizona
extremely dry years inarow, says B California
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Everett Messner, 53, whose farm-
land requires extensive irrigation.
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From north to south, the west-
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Current Vulnerabilities of Freshwater Resources and their Management

LISA was forced to built
a desalination plant to
provide drinkahble water,
to Mexico through the
Colorado river.
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causing land
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Cwerexploitation of
water resources
reduced the size ofthe
Aral Sea substantially.

Drrinking water
are affected hy
fluoride and
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More than 70% of
Bangladesh was
inundated by the flood
in 1998
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Water Stress Indicator: Withdrawal-to-Availability Ratio
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Low Stress Mid Stress  High Stress Very High Stress

Water withdrawal: water used for irrigation,
livestock, domestic and industrial purposes (2000)
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Groundwater Resources of the World

] "f& '-;
b e "-\_T...[h—- e

| Lo -

Dther Geographic ard Climate Featuras

Surface Water
] soleried magedly

Hydrogenlogy
[ majer grourdwaier basin with highly-producivse aguikers [ posrees
B o= rosmeak ko reon penawed grouncwaler rescunss [rainfal - 200 mmdy)

[] areawith compiex sinuctura Ineiding somaimparkan] aguifars

] wreawth ganorally poor squikrs, Iocaly mvariin by nver-tod cquies —— meorrher

& |BGH , Hannower
Fab 2003




I

:[ Water catchments

[ ] caspionsea

I:l Mudterranean e

106000

Z | [ Siack Sea andi Sea of Az

.




Why 1s IWRM Needed?

Water 1s becoming increasingly scarce, more
competition among uses, increased demands

Need more efficient mgmt within each sector

Social needs, values evolve - need comprehensive,
multiobjective approaches (envir, SusDev, equity)

Set priorities for investment strategy;
Put water to best use, greatest social value

Strategies for emergencies-mitigate worst impacts
of floods, droughts



Integrated WRM

Integration 1s an IDEAL which can be approached
through better coordination and restructuring

Integration of policies, institutions, sectors,
planning, management & regulatory decisions

Modern water resources management requires
constant adaptation to new needs, ideas,
technologies and societal preferences

New flexible organizations, reconfigured agencies
are needed to accomplish new mgmt objectives



The “Three Paradigms”

INEPA] National Environmental Policy Act/1970

[WFD]  Water Framework Directive/2000

[IMDGs] Millennium Development Goals/2000



SOME EXAMPLES OF PARADIGM SHIFT

* From extrapolative to anticipatory thinking and
planning

* From elitist to participatory water planning and
management

* From supply-driven to demand-driven water
policies

* From economic emphasis to water as public good

* Recognition of various types of water such as
“Blue Water,” “Green Water,” “Virtual Water,”
etc.



Water Alternatives - 2008 Volume 1 | Issue 2

Figure 2. Distribution of large dams across the mainland SADC region (image, courtesy of Peter Ashton).
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Water Alternatives - 2008 Volume 1 | Issue 2

Figure 3. Inter-basin transfers (IBTs) and the SADC regional integration (image, courtesy of Peter

Ashton).
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THE PROPOSED BENEFIT-SHARING APPROACH
The proposed benefit-sharing approach is based on nine key elements, which differ fundamentally from

the traditional paradigm as elucidated below.

Turton: Benefit-sharing approach for transboundary waters Page | 184
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A comparison of the traditional paradigm and the proposed benefit-sharing approach, based on the
nine key elements developed in this paper, is presented in table 1.

Table 1. Comparison of the traditional paradigm and the proposed benefit-sharing approach.

Element

Traditional paradigm

Benefit-sharing paradigm

Perspective on
water

National
sovereignty

Institutional
architecture

National
security

Scale of
optimization

Basket of
options

Scale and
remedy

Data

Decision-making

Water is treated as a finite stock.

Fear of the erosion of sovereignty
stunts institutional development
(Turton, 2002).

Centralized decision-making and
hierarchical structure within the
context of a negotiated regime
(Conca, 2006).

Water resource management is
subsumed to national security
concerns, trying to cascade security
from the top down.

Level of the state within the context
of a river basin results in a smaller
range of potential solutions.

Limited by viewing water as a stock
with the scale of optimization being
the state and basin.

The potential impact of the remedy is
limited by the lower scale of
optimization.

Sometimes classified, generally not
freely shared and usually contested
(Warner, 1996; Phillips et al., 2006).

Centralized and hierarchical designed
to protect against the erosion of
sovereignty, but always taken against
a background of imperfect knowledge
and mediated by the prevailing threat-
perception (Turton, 2003a).

Water is treated as a less finite flux with
technological capacity becoming a key
variable (Homer-Dixon, 2000).

Sovereignty is never eroded by agreement
potentially using a PNA model (Nielsson,
1990).

Decentralized decision-making in a matrix-
styled structure potentially within the
context of a PNA model (Nielsson, 1990;
Turton, 2008b).

Human security generates many types of
benefits that can be shared, building
security from the bottom up.

Level of the hydro-political complex above
the state and basin results in a larger
range of potential solutions (Ashton and
Turton, 2008a; Turton and Ashton, 2008;
Turtan, 2008b).

Broader in focus, because water is viewed
as a flux, with the scale of optimization
being the hydro-political complex.

The remedies to water constraints are
sourced outside of the water sector (Allan,
2000) in a hydro-political complex.

Declassified, freely shared,
institutionalized and usually uncontested
(Turton, 2003b; 2008b).

Decentralized and matrix-styled with fears
of the potential erosion of sovereignty
attenuated by a possible PNA model
(Nielsson, 1990). Institutionalized data
attenuates the background of imperfect
knowledge.

Resulting
configuration of
hydro-political
dynamics

Zero-sum, competitive and unstable in
its fundamental configuration, with a
high potential for conflict (Phillips et
al., 2006).

Positive-sum and stable in its fundamental
configuration, with a growing incentive for
cooperation (Turton et al., 2008h).

Turton: Benefit-sharing approach for transboundary waters

Page | 193



Basics of the New Paradigm

Duty to Cooperate
Conjunctive Management
Integrated Management
Equitable Utilization
Sustainable Use

Minimization of Environmental Harm



THREE KEY ISSUES IN COMPREHENSIVE
WATER RESOURCES PLANNING & MANAGEMENT

. “Management”
Governing /
water \ .
“Subsidiarity”

Value
Vallling Price
water = ——
Cost

Reasonable
Sharing /
water \

Equitable



Recharge contributing to
transboundary flow

INTERNATIONAL
BOUNDARY

Discharge from
transboundary flow

Local ﬂowK.g

systems

Transboundary
flow direction

Puri, S. & El Naser, H. (2003).
Schematic of a transboundary
aquifer. In “Intensive use of
groundwater. Challenges and
opportunities”
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reservoir

artificial or
induced

recharge
regulating
pumping

discharge

aquifer
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URBAN-INDUSTRIAL

A system of conjunctive use of surface water and groundwater, comprising a surface reservoir and two aquifers, one of which is located upstream
from the surface reservoir. The diagram also shows the different areas of water demand (urban, industrial and irrigation). Depending on the
availability of water in the reservoir, a certain level of demand is met either from surface reserves, or jointly with groundwater, or exclusively
by the latter. This system can be complemented with artificial recharge operations so that river water may be stored in the aquifer



Five Major Legal Principles that are Shaping
and Will Further Affect the Practice of
“Hydrodiplomacy”

. The Principle of international water and the concept of an
international “watercourse;”

. The Principle of reasonable and equitable utilization, a
principle that has generated interminable debates and
interpretations as to “reasonableness’™ and “equity;”

. Obligation not to cause significant harm and the exercise of
due diligence 1n the utilization of an international
watercourse;

. The Principle of notification and negotiations on planned
measures; and

. The Duty to cooperate, including regular exchanges of data.
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The Legal Assessment Model

Data Collection Tools

Relevant Factors
Matrix: Provides format
and method for
collection of requisite
data & information

Legal Audit: Method
for reviewing existing
law at international and
national levels

Glossary of Terms:
Defines terms used In
LAM from Interdisciplinary
perspective
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Data
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* Phase Il
Data
Analysis

Final Phase

B e P AT e VRS

Assesses the quality
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available of the data
collected in Phase |

Determine most
appropriate method of
evaluation based on

Phase Il data analysis

Apply most appropriate
method of evaluation to
determine whether
current utilisation of a
TWS is consistent with
“equitable and
reasonable utilisation”
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Sources of Uncertainty in the Water
Management Process

1. Data
- physical, chemical, biological, etc.
- scale problems (temporal and spatial)

2. Model

- parameter values

- numerical solution (approximations)

- bugs in the model code

- model structure (process equations, hydrogeological conceptual model)
3. Context — framing of problem

- ambiguity (multiple framing) among decision makers and stakeholders

- external factors not accounted for study

- legislation, regulatory conditions, etc.
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Uses and Limitations of Observations, Data, Forecasts, and Other Projections in
Decision Support for Selected Sectors and Regions

Land Observation: Satellite Observations Radar and Airborne
Precipitation Surface Temperature: Terra, Aqua, Geostationary Observations
e Satellite (GOES) Precipitation
. Precipitation: TRMM, Aqua, GOES -
O ot sctivaient Soil Moisture: Aqua, TRMM, NPOESS Snow water equivalent
SEALEL G PIE LS Snow cover: Aqua, Terra
Snow guantity: Agua
Groundwater: GRACE
Land usefcover: Terra, Aqua, Landsat
Surface radiation: GOES, Tema, Agua, ASTER
Observation
Supply Models Integrated Models Demand Models
NWSRFS 4——— GCMs: NEP Eta »| AWARDS ET Toolbox
MMS PRMS Land surface models: Noah, MOSAIC, VIC,
Catchment, CLM2, SWAT
In-stream water quality: QUALZE
Watershed loading and transport: HSPF
Input
RIVERWARE
Impacts Models/DSTs
Economic
Vulnerability
Environmental
Management Palicies,
Day-to-day ! L
Operations Strategic Instltuyons.
Planning Design
Decisions
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COMPONENTS

ET Interception/Evapotranspiration

- Interception of rainfall by the canopy

- Drainage from the canopy

- Evaporation from the canopy surface

- Evaporation from the soil surface

- Uptake of water by plant roots and its
transpiration

OC Overland and Channel flow
- Surface runoff
- Routing in rivers

UZ Unsaturated Zone flow
- Infiltration
- Moisture distribution

SZ Saturated Zone flow
- 3D groundwater flow
- Exchange with boundaries



Towards a Strategy of “Vigilance”

Flexible responses, 1.¢., operational and strategic
flexibility
Proactive commitment, in terms of environmental

scanning and through an emphasis on risk rather than

Crisis management
River basin focus and robust transnational “regimes’

9

Combinations of global approaches and national
plans

Ecosystemic emphasis and environmental
interdependencies

Integrated, comprehensive management, capacity
building and organizational mobilization.



UNDERLYING TRANSFORMATIONS

VOLATILITY

® TURBULENCE AND UNCERTAINTY
VULNERABILITY

® INTERDEPENDENCIES AND RISK
VIGILANCE

® ENVIRONMENTAL SCANNING AND PREPAREDNESS



VULNERABILITY

Fragile Physical Environment

= environmental degradation

= lack of ecosystem resilience

= history of extreme hydrological events
Fragile Economy

= economic inequalities/disparities
= 1nadequate funding

Lack of Local Institutions

= lack of social resilience

= poor social protection

= marginalization

= capacity for recuperability

Lack of Preparedness

= 1nadequate warning systems

= lack of training

= lack of community mobilization




Suggested Water Sharing Indicators

Interdependency indicator as exemplified by the amount of
water inflow from other river basins

Cooperation indicator measured by the number of significant
joint projects, treaties or other formal agreements

Vulnerability indicator resulting from the ratio of water demand
and supply

Fragility indicator “measured” in terms of environmental
deterioration and social unrest (especially poverty and rivalries)
within and between countries

Development indicator as summarized by competence,
commitment for dealing with and managing water-related
conflicts



Requisites for the Transition

* The Need for New Paradigms

— Sustainability, heterarchy, co-evolution

* The Understanding of New Contexts

— “Raplexity,” interdependence, globalization

* The Emergence of New Methodologies
— Cumulative, synergistic, diachronic impacts
— Indicators, DSS, data-information, judgement

— Computational prowess



Emerging Operational Principles

* Envisioning

Share the dream, share the goals
* Empowerment

Joint decision making, power sharing
* Enactment

Implementation, civic engagement



The 3 R’s

Rethinking —, new paradigms

Reorganizing organizational mobilization

—

Retooling new skills and resources
—
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