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 Climate – Hydrology - Extremes   
Nothing new about the occurrence 

of hydrologic Extremes 
What is new: 

•  The recent predictions (i.e., IPCC ) that with the 
intensification of hydrologic cycle (due to 
warming), we will experience more hydrologic 
extremes - invalidating the stationarity assumption ?  

•  With the increase in population & urbanization, 
impacts of extremes will be more severe on     
society (resources, infrastructure,  etc.)   
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Challenges Posed by Hydrologic Extremes: 

•  Floods: The Primary Hydrologic Hazard   
• Heavy Precipitation 
• Rapid melting of snow  

•  Droughts: Major impact on water supply 
availability  

• Lack of precipitation     
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What Do “Instrumental”   
Records Tell Us?  

Hydrologically-Relevant Climate Variables  
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Changes in Precipitation: U.S.A 

   From 1908-2002: 

  Total annual precipitation across 
the contiguous U.S. increased 7% 

  Heavy daily Precipitation events 
have increased by 20% 

  Rainfall associated with warmer 
climates are more due to extreme 
events compared to colder climates  

Facts from Observations 
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Observed changes: Drought    

•  U.S. droughts show  
pronounced multi-year  
to multi-decadal  
variability, but no  
convincing evidence  
for long-term trends  
toward more or  
fewer events. 

Drought activity during the 20th and early 21st Century 
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A Dryer Future for Southwest US?   
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Hydrologically-Relevant Climate Variables  

What are the hydrologic 
predication requirements and 
how well are we satisfying 
them?  
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Short Range  Long Range  

hours days weeks months seasons years decades 

Required Hydrometeorologic Predictions   

Forecast Requirements 

Short-range Mid-range Long-range 
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Recent Assessment of Seasonal Climate Forecasts  
• “ of the dozens of forecast techniques 
proffered by government, academic, 
private-sector climatologists, all but 
two are virtually useless, according to 
a new study” Livezey &Timofeyeva - BAMS, 

June 2008.   
•  “About the only time forecasts had 
any success predicting precipitation 
was for winters with an El Nino or a 
La Nina” 

Quoting from    
Science, Vol. 321, 
15th August 2008  
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Short Range  Long Range  

hours days weeks months seasons years decades 

Climate-Scale  approaches to addressing hydrologic extremes     

Forecast Requirements 

Long-range 

• Use of climate models:   
down-scaling and ensemble 
schemes 

• Traditional statistical 
hydrology methods:  
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Short Range  Long Range  

hours days weeks months seasons years decades 

Climate-Scale  approaches to addressing hydrologic extremes     

Forecast Requirements 

Mid-range Long-range 

• Use of climate models:   
down-scaling and ensemble 
schemes 
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Climate Model Downscaling to Regional/Watershed Scales 

Generation of Future Precipitation  Scenarios  
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Generation of Future Runoff  Scenarios  

Downscaled Precipitation to Runoff Generation    
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Recent Assessment of Climate Models 

  Regional trends in extreme events 
are not always captured by current 
models 

  It is difficult to assess the 
significance of these discrepancies 
and to distinguish between model 
deficiencies and natural variability  

How Accurate Are Global Climate Models? 
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Climate Model Downscaling to regional/watershed Scale 

 A Valid Question to Ask:  
Given the Current State of Climate Models (especially at 

regional scales) , What is the added-value of all the 
Downscaling Studies over traditional statistical 
hydrology methods in water resources studies? 
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Climate-Scale  approaches to addressing hydrologic extremes     

Forecast Requirements 

Mid-range Long-range 

• Use of climate models:   
down-scaling and ensemble 
schemes 

• Traditional statistical 
hydrology methods:  
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Probability density function 
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Statistical Hydrology: “synthetic” streamflow Generation   
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Potential Hydrologic Scenario:  Stationarity!    
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Sept 1951 Elephant Butte, NM Jan 2003 
Middle Rio Grande Basin, NM AD Grissino-Mayer, Baisan, 

Morino, & Swetnam, 2001 

Statistical Hydrology Developed Based on Stationarity Assumption   
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Impact of Nonstationarity on Water Resources   
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Potential Hydrologic Scenarios    

Lower Variability 
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Increase in Runoff not always due to Increase in Precip. 

Before 

After 

Undisturbed  v.s. Urbanized  
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• Presently, the accuracy of regional-scale 
climate model  fall short of meeting the 
requirements of water resources planning. 

•  The value of Traditional stochastic hydrology 
methods should not be underestimated. 
Research is required to advance their 
capability to address non-stationarity.    

  Factoring in Resiliency in water resources systems 
design and planning is still the safest approach!     

What is the Message? 
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Back up slides  
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Some of the Issues facing  
the Arid & Semi-Arid 

Regions: 

Implications of Hydrologic Variability 

(Extremes)   
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Water balance in Semi Arid Regions    

Source: Eric Small, NMT now at CU Boulder 
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Interspaces are sources of runoff, Canopies are sinks for runoff 

Source: Eric Small, NMT now at CU Boulder 

  grasslands    deep rooted shrubs. 



Center for Hydrometeorology and Remote Sensing, University of California, Irvine 

Soil 

Runoff  Runoff   Infil 

 Infil 

Soil 
GRASSLAND 

SHRUBLAND 

3 m 

0.5 m 

Study 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Groundwater Aquifer�

Groundwater Aquifer�
Animation Assisted by: Wei Chu and Gi-H. Park 

  Impact of Vegetation Cover Change  on Infiltration  



Center for Hydrometeorology and Remote Sensing, University of California, Irvine 

Recharge through semiarid soils
Conventional   hypothesis: 

Net water fluxes always downward,  
regardless of climate 

New    hypothesis: 
Xeric vegetation maintains  
net upward moisture fluxes 

Recharge ~ 2 mm/yr 
= gw for 400,000 households 

Recharge ~0.02 mm/yr 
= gw for only 4,000 households 

Slide contents from Walvoord & Phillips 2002, NMT 
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 Recent Articles About the efficacy of climate models  
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How About Drought Frequency Analysis Methods? 

 Not to my Knowledge.  No comprehensive program until 
recently. 
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