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Å Knowledge of risks and opportunities 

Å Monitoring and early warning information 

services 

Å Response capability 

Å Reliability- reducing frequency of failure 

Å Robustness-maintain economic performance and environmental goals 

under a range of uncertain conditions 

Å Resiliency-rapid rate of recovery from events (droughts, floods) 

Å Vulnerability-reduced severity of the consequences of failure 

Å Reduced Brittleness-inability to accommodate threshold changes 

(system already managed to maximum efficiency)  

What does effective adaptation require? 



Regional variation in  
global temperature  
and precipitation 
trends  
over the last 30 
years 

World Development Report 2010 

Precipitation 

Temperature 



 Increased potential for  both longer dry spells and more 
intense rainfall 

World Development Report 2010 



Groundwater depletion trends 

(groundwater 30% of available freshwater on the planet) 

1000 on the legend is equal to one cubic kilometer of depletion per year 
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How do we ñusuallyò adapt? 

· Infrastructure/assets 

 

·Technological process optimization 

 

· Institutional and behavioral changes or reinforcement 

 

·Crisis, learning and redesign 



Need for exchange of experience and learning 

among different basins  

How is awareness of slow onset problems in the 

context of  seasonal to decadal-scale variability and 

longer-term change developed ? 

How are adjustments and adaptations being 

designed, implemented, and evaluated ? 



Others: 

 
COLORADO BASIN  

MURRAY-DARLING BASIN  

GUADIANA BASIN  



Comparative dimensions 

·Number of states sharing resources 

·Allocation as volume or %flow 

·Allocation structure 

·Critical events -Seasonal, Annual, Decadal flows 

·Shortage criteria and procedures 

·Conflict resolution 

·Linking climate and hydrologic modeling 

·Inclusion of uncertain but potentially significant 

changes in climate 



Colorado River Water Supply & Use 
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The Iberian Peninsula 

 

Á Portugal and Spain share five river basins: Minho, Lima, Douro, Tejo and 

Guadiana, covering and area of 268 500 km2 of which 21% belong to Portugal and 

represent 65% of the Portuguese territory.  

Á  95% of this area is occupied by the 

Douro, Tejo and Guadiana river basins 

 

Á Portugal and Spain, have been 

celebrating several Treaties and 

Conventions since the 18th Century, 

having in mind the establishment of a 

common water management coordination.  
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Albufeira Convention 4 

Work Groups: 

 

Å Flow regime, droughts 

and emergency situations 

Å Information exchange 

Å Hydraulics structures 

security and floods 

Å Water Framework 

Directive and Water Quality 

 

Goal-Establishment of an ecological  

river flow regime 



Defined of Operational Indicators between countries 

(at the river basin level): 

1. Regional Characterization (water sources and water uses); 

2. Definition of Unit Area of Analysis (associated demand); 

3. Risk and Vulnerability analysis of water supplies for different water 

uses; 

4. Selection of representative Indicators especially on demand 

5. Simulation and Validation. 

Adaptation validation through Drought Impacts 

evaluation 
 

Indicators must be validated through the comparison with real drought impacts 

(needed a better systematization of Drought Impacts record); 

 

Developments in Drought monitoring in  

Portugal/Spain  
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Less than 10% of itôs catchment yields > 90% flow 

Large in scale but less flow in an average year than the      

Amazon in a day  

 

 

 

 

 

 

 

 

The Murray ï an ñexotic riverò 



Modified catchments, 

nutrient and suspended 

sediment loads and habitat 

Very high nutrient and 

suspended sediment loads 

Catchment Conditions 



Lower rainfall = much lower 
Streamflow 

CSIRO and Australian Bureau of Meteorology, 2007) 



Modernising and Extension

Investigations and strategy

Info. Management and reporting

Analysis and forecasting

Set and administer a new cap

MDBC operations

Northern Aust and Great Artesian Basin

On farm efficiency

Metering, monitoring, accounting

Improving river operation

Delivery system efficiency

Purchasing entitlements
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Modernising  

Irrigation 

Addressing  

over-allocation 

http://www.aha.net.au/ 

Water for the future: All figures in A$ million  

Costing over ten years TOTAL: approx A$12.9 billion (about US$9 billion) 



Colorado River Interim Guidelines -  

Buying time to think-A robust approach? 

ÅOperations specified through the full range of operation for Lake 

Powell and Lake Mead 

ÅEncourage efficient and flexible water use and management in the 

Lower Basin through the Intentionally Created Surplus (ICS) 

mechanism 

ÅStrategy for shortages in the Lower Basin2, including a provision for 

additional shortages if warranted 

Å In place for an interim period (through 2026) to gain valuable 

operational experience 

ÅBasin States agree to consult before resorting to litigation 

1. Issued in Record of Decision, dated December 13, 2007; available at 

http://www.usbr.gov/lc/region/programs/strategies.html 

2. Mexico water deliveries are not directly effected by these guidelines  

    (US/DoI Bureau of Reclamation) 

http://en.wikipedia.org/wiki/Pacific_Ocean


III. Conduct Planning Evaluations 

II. Relate to Planning Assumptions 

I. Choose Climate Context 

Instrumental Records:  

observed weather (T and P) 

and runoff (Q) 

Demand Variability  

System Analysis, Evaluate Study Questions 

(related to Resource Management Objectives) 

Operating Constraints Supply Variability  

Paleoclimate Proxies:  

reconstructed runoff (Q) 

statistical modeling 

Instrumental Records:  

observed weather (T and P) 

and runoff (Q) 

watershed simulation 

Period-Statistics 

Global Climate Projections:   

Representing various GCMs, forcings Ą  

bias-correction, spatial downscaling 

Frequencies 

Supply Variability: Blend paleo and projected 
climate? (Reclamation-Brekke and Prairie 2009) 



έ/ƭƻǎƛƴƎέ ǿŀǘŜǊ  ǎȅǎǘŜƳǎΣ ŎƭƛƳŀǘŜ ŀƴŘ ǎŎŀǊŎƛǘȅ 
 

· As yet-Little comprehensive understanding of the long-term and 
widespread consequences of past adaptations 

 

· Complications of changes in the spatial and temporal distribution of 
rainfall,  soil moisture, runoff, frequency and magnitudes of 
droughts and floods are gradually being included in response 
planning 

 

· Systems design, operational inflexibility, and legal and institutional 
constraints still reduce the adaptability of water systems to respond 
to climatic changes 

 

· Compounded by lack of agreement on event definitions, such as 
×ÈÁÔ ÃÏÎÓÔÉÔÕÔÅÓ ÁÎ ȰÅØÔÒÁÏÒÄÉÎÁÒÙȱ ɉÉȢÅȢȟ ÓÅÖÅÒÅ ÁÎÄ ÐÅÒÓÉÓÔÅÎÔɊ 
drought in different place  
· Equitable and reasonable use of water involves definitions of broad 
ÃÏÎÃÅÐÔÓ ÓÕÃÈ ÁÓ ȰÎÏ ÈÁÒÍȟȱ ÁÎÄ ȰÏÐÔÉÍÁÌ ÕÔÉÌÉÚÁÔÉÏÎȱ  

 



Challenges ςwater sharing under much greater 

uncertainty  
·Understanding environmental consumptive use trade-offs and 

environmental management-ȱÂÅÓÔ ÂÅÔÓȱ ÇÉÖÅÎ ÔÈÒÅÓÈÏÌÄÓ ÁÎÄ 
irreversibility ɀ and inflow scenarios 

 

·Thresholds maybe reached beyond which ecosystem service 
provision capacities are irreversibly damaged, or require expensive 
built capital substitutes: 

 

·Triage-which things to keep ticking over, which things to let go: 
this year and in following years with uncertainty  

·Building resilience into new Basin plans ɀ planning a wide range of 
contingencies in sharing shortage ɀdeveloping  triggers for actions  

 



  Best adaptation practices may be 
novel configurations of land and 
water resources- and information to 
support those decisions 

 

  SMART Growth Conservation costs savings on 22 water city and 

district water plans in Colorado-water obtained by conservation is 
still the cheapest option  per AF for development (Kenney et al 
2010) 

 

 

 



Integrated adaptation 

 
1. Large centralized infrastructure 

2. Many small local responses 

3. Changes to risk factors and extreme 

events? 

 

4. What do regions want from 

governments? 

5. How will regional economies adapt? 

 

6. How do we equip regional and local 

communities for greater rates of change? 

 

 



Transitions from 

applications to adaptation: 

Social-structural and 

spatial-temporal, resource 

management 

Limits of co-production 

Social-ecological 

Path dependence  

Organizational boundaries 

Joint monitoring and joint fact-

finding 

IMPACTS VULNERABILITY DEVELOPMENT RESILIENCE 

Watershed transitions 



Maturing Phase 
·Increasingly pressing externalities (rising water tables, land salinity, 

saline return flow, water pollution, stressed floodplain and estuarine 
ecosystems) 

 

·Increasing competition among demands for water but 
interdependence recognized 

 

·Increasing role of  economics in assessment of irrigation projects  

·Recognition of ñwater for the environmentò and the economic 
benefits of the environment  

·Increasing privatisation of water infrastructure  

 

·Definition of the core set of data, information and information 
technologies needed to maintain the minimum acceptable 
level of stewardship in the management of water resources 
and water infrastructure 

 

 

 



 

ñALSO, THE BRIDGE IS OUT AHEADò 

Focus on the critical problems: not just  

asking but answering the right question 


