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What is the difference? 



Learning Objectives 

 

1. Understand basic ideas for estimating water availability 

2. Familiarize with data products for deriving different 

water availability terms 

3. Understand the possibilities and limitations for 

estimating water availability using different approaches 

4. Familiarize with the applications 



(O. Heffernan) 



(O. Heffernan) 



(O. Heffernan) 
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DROUGHT INDICES (LOTS OF THEM) 

• Percent of Normal (PN) 
• Standard Precipitation Index (SPI) 
• Palmer Drought Severity Index (PDSI) 
• Crop Moisture Index (CMI) 
• Surface Water Supply Index (SWSI) 
• Reclamation Drought Index (RDI) 
• Evapotranpiration Deficit Index (ETDI) 

Eden, U. (2012) Drought assessment by evapotranspiration mapping 
in Twente, the Netherlands. Enschede, University of Twente Faculty 
of Geo-Information and Earth Observation (ITC), 2012. 

http://www.itc.nl/Pub/Home/library/Academic_output/AcademicOutput.html?p=13&y=12&l=20


Let there be light 

(NASA)



Water cycle and its link to climate 

(Su, et al., 2010, Treatise on Water Science)



Wind

Land-Atmosphere Interactions 
- Terrestrial Water, Energy and Carbon Cycles
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Wet Condition: Maximum Transpiration 
 

Transpiration limited by plant water 
availability in the root zone 

What is Drought ?

Dry Condition: No transpiration 



Quantitative Approaches for Drought Monitoring and 
Prediction

• Approach 1: Surface Energy Balance 
– To derive relative evaporation & relative soil moisture in the 

root zone from land surface energy balance 
– To define a quantitative drought severity index (DSI) for 

large scale drought monitoring 
 

• Approach 2: Soil Moisture Retrieval 
– To determine surface soil moisture 
– To assimilate surface SM into a hydrological model to derive 

root zone soil moisture 
 

• Approach 3: Total water budget  



Climate & 
Satellite 

Information 
System

Drought Monitoring & Prediction

Decision 
Makers

Meteorological 
Data

Surface Energy Balance System 
(SEBS)

Drought Information System
(Drought Severity Distribution)

Internet

Surface Soil Moisture

Data Assimilation
(to infer root zone 
water availability)



From Energy Balance to Water Balance
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R: Relative Plant Available Soil Water Content 
DSI: Drought Severity Index 

(Su et al., 2003) 



Relationship of evaporative fraction to surface variables 
(albedo, fractional vegetation coverage and surface 
temperature) 

• The relative evaporation is given as 
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Relationship of evaporative fraction to surface variables 
(albedo, fractional vegetation coverage and surface 
temperature) 

• The relative evaporation is given as 

The SEBS algorithm (Su, 2002; Jia et al., 2003) 



Relationship of evaporative fraction to surface variables 
(albedo, fractional vegetation coverage and surface temperature) 



Relation of evaporative fraction to surface variables 
(an example) 



Normalized temperature difference versus albedo



Normalized temperature difference versus albedo



Normalized temperature difference versus albedo 



Comparison to Soil Moisture Measurements  

April 2000
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Time Series of Drought Severity Index



Tibetan Plateau observatory of plateau scale soil moisture and 
soil temperature (Tibet-Obs)  

Su, Z., et al. 2011, Hydrol. Earth Syst. Sci.

www.hydrol-earth-syst-sci.net/15/2303/2011/

ESA Dragon programme
EU FP7 CEOP-AEGIS project

(Su et al., 2011, HESS) 

http://www.hydrol-earth-syst-sci.net/15/2303/2011/


Mean sm at Maqu site (depth of 5 cm)
VUA-NASA sm from AMSR-E data

Organic soils
Sandy loam soil

Preliminary validation results



Quantification of uncertainties in global products 
 

(Su, et al., 2011)

(Su et al., 2011, HESS) 



Maqu SMST Network – validation results 



Ngari SMST Network – validation results 



How can we use this information 
for drought monitoring and 

prediction? 



WACMOS.org



Continental scale simulations
1 Jan – 9 Dec 2009, grid resolution 25 KM

Skin temperature Precipitation
(convective + non-convective)

Latent heat flux 
(Evaporation/transpiration)

Soil moisture of top layer Soil moisture  of second layer



Climate change impacts and adaptation in River Basins 

wacmos.org 31



Example of the Yellow River Basin (upper basin vs whole basin) 

wacmos.org 32



Example of the Yellow River Basin (upper basin vs whole basin) 

wacmos.org 33

TWSC3 = TRMM_PC –  GLDAS_ETC – In-situ_ RC   
(anomaly of total water storage change) 

GLDAS_TWSC2 = P - ET - R  
(Anomaly)  



How shall we define droughts? 

Dark blue is less than one standard deviation from the mean. For the normal 
distribution, this accounts for 68.27% of the set; while two standard 
deviations from the mean (medium and dark blue) account for 95.45%; and 
three standard deviations (light, medium, and dark blue) account for 99.73%. 
(vikipedia) 

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


How shall we define droughts? 

The probability that a normal deviate lies in 
the range μ − nσ and μ + nσ is, 

Value range category 

μ−1σ < F > μ+1σ Near normal 

μ−2σ < F <= μ-1σ Moderately dry 

μ−3σ < F <= μ-2σ Severely dry 

             F <= μ-3σ Extremely dry 

μ+1σ <= F < μ+2σ Moderately wet 

μ+2σ <= F < μ+3σ Severely wet 

μ+3σ <= F Extremely wet 
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GLDAS derived Standardized total water storage index – drought situation 
 



Describe 
• Trends (change) 

• Variability (natural cycle) 

• Outliers 
 

 Understand 

• Attribution (variability vs. error) 

• Consistency Process (e.g. Volcanic eruption, fire/aerosol) 

• Feedback links (e.g. ENSO teleconnection) 
 

 

A Roadmap From Process Understanding To Adaptation 

 

Detect 
• Hot Spot 
• Quality issue 
• Outside Envelope 
 

 
 
Predict 
• Impacts 
 
Adapt 
• Consequences 
 
 



Impacts and projections in water resources

• Q1: What are observed 
impacts to water 
resources in Yangtze due 
to climate and human 
changes ?

• Q2: Will the changes in 
the Yangtze River Basin 
influence the East Asian 
monsoon patterns?

• Q3: What will be the 
spatial/temporal 
distribution of water 
(sediment) resources in 
21st century ? 



Yes, it is water availability! 
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