
Remote Sensing
in 

Water Accounting
and 

Water Planning
Delft 13-Feb-2008 Peter Droogers

Walter Immerzeel
FutureWater
Wageningen

(Prof) Wim Bastiaanssen
TU Delft



Introduction

• Some history

• Water accounting and water planning

• Practical examples
– Downscaling precipitation
– Scenario based modeling
– Groundwater from space

• Future outlook







IWMI website 1997 - 2009
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Introduction

Evapotranspiration (ET) as integrated 
characteristic of irrigation performance
Remote Sensing ET:

high spatial resolution (+)
low temporal resolution  (-)

– only past, limited overpasses

Simulation models
low spatial resolution (-)
high temporal resolution (+)
data requirements (-)
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Results RS
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Model vs. RS
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Model (stochastic) vs. RS
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High Spatial and Temporal 
Water balance
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Green and blue water, global flows



Virtual Water



Irrigation Techniques



Groundwater Recharge Dams



Water Conservation / Reforestation





Challenges

• Actual water use = water supplied.

• Water efficiency vs. water productivity.

• Water consumption (=evaporation and transpiration) from 
rainfed, natural vegetation or bare soils is not considered.

• Water plans: preferred policies vs. unbiased analyses. 

• Forests produce water.

• Understand better, explain clearer



Water Accounting
vs…and

Water Planning



Appropriate Tool Selection

Understand current water resources

Understand past water resources

Options for future
- technical
- socio-economic
- policy oriented

Trend
Past

Today

Future

•Remote Sensing
•Observations
•Analysis
•Statistics

•Models?influence
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Data Sources

locally-
sourced

non-
RS

global
public-domain

RS
Land Cover

Streamflow
Operations

Climate

LAI

Soils

Topography

Socio-Economic

ET
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Iberian Peninsula 

25 x 25 km

TRMM

1 x 1 km

SPOT



Correlation TRMM - NDVI



Residual =
TRMM – P(NDVI)

P(NDVI)

Red: unexplained high green areas
Green: unexplained low green areas  



28 stations



Accounting Indicators
to support 

Water Allocation Planning
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Forest                
Fruit                 
Rainfed               
Shrubland             
Vegetables            
Wheat                 

ETActual (including irrigation)
Scenario: Actual,  All months
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Irri01                
Irri02                

Unmet Demand
Scenario: Actual,  All months
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Actual                
ClimateChange2100     

Groundw ater Storage
All Aquifers,  All months
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Indicators

95395018879Unmet demand (MCM/y)

256128256256256Demand (MCM/y)

Domestic

2,2431,9681,6294,4691,982Unmet (MCM/y)

710848384379841Eactual (MCM/y)

2,8333,1084,4631,6223,094Tactual (MCM/y)

5,0765,0766,0916,0915,076ETpotential (MCM/y)

Irrigation

41,11838,54636,65659,91238,614Unmet demand (MCM/y)

18,24918,04619,06611,78918,011Total consumption (MCM/y)

-951-920-8610-931Aquifer changes (MCM/y)

000-100Reservoir changes (MCM/y)

2,3992,6352,0341,1612,659Basin outflow (MCM/y)

21,60021,60021,96012,96021,600Total precipitation (MCM/y)

Landcov.UrbanIrrTechCC2100Base LineBasin wide



Future Outlook



Al Khufrah Oasis, Libya





Nile Basin, Egypt

In (km3)   Out (km3)   
Outflow Aswan 68.0 ET irrigation 32.0 
Rainfall 0.5 ET other 8.0 
  Industry/domestic 1.0 
  ET seepage 2.3 
    Outflow to sea (rest) 25.2 
Total 68.5 Total 68.5 



Satellite observations: groundwater (GRACE)

• GRACE: Gravity Recovery and Climate Experiment
– NASA satellite
– Two satellites, co-orbiting at 300-500 km altitude
– Seperated along track by 220 km
– Launched March 2002



Saudi Arabia

Saudi Arabia: Annually accumulated 
evapotranspiration (mm) for a 1 km X 
1 km grid in 2003 (Source: 
Bastiaanssen et al., 2006) Trend in terrestrial water storage 

(2003-2008) based on GRACE data 
(based on 100 x 100 km2).



Conclusions / Discussion

• Lack of understanding (by confusing terminology)

• Backward – forward approach

• Scenario approach

• Water accounting vs. Future accounting



Thank You


