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CHRS & Affiliates: A truly International TeamUniversity of California Irvine (UCI) and Arizona (UA) 
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May 2005 Drought Workshop - Iran
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Climate And Hydrologic Cycle Connection
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Global Variations in Precipitation (1979-2005)     
90N-90S

Global mean = 2.6 mm/d (Ocean [ 2.8 mm/d ] Land[ 2.1 mm/d ])

• Little or no linear change during period [biggest change is +2% over ocean]

• Ocean and land precipitation tend to compensate

Adler et al.  J. Hydromet.
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Observed changes: Heavy Precipitation

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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Shasta Lake, CA, after 1987-1993 
Extended Drought

Droughts In Historical Context 
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- From Tree Rings

- Analysis of Salt Isotopes from Dry Lake Beds 

Reconstruction of Proxy Records:
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16th century “megadrought”
1930’s dustbowl

>100 year “megadroughts”

2000-year Climate history of central U.S.

Dust
Bowl

2000 yrs. ago Today

The US Breadbasket: The Mid-West

Source: Overpeck 2004
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Overall, the period from 
circa 900 to 1300 was a 
multi-century period of 
generally drier conditions 
throughout the West, 
including droughts of 
magnitude and duration 
not yet experienced in 
modern period.

Provided By Swetnam & Hughes 
UA Tree Ring Lab
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Practices in Factoring in 
Climate and Extreme Hydrologic 

Events in Water Resources:
Engineering Approach:

Control, Store, Use & Deliver for 
Multi-Purposes
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Hoover Dam

Glen Canyon Dam

Central Arizona Project Aqueduct

A Century of Water Resources Development:   Engineering success!
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Addressing “ Climate 
Extremes” in Water 
Resources Planning:

Stochastic  Hydrology  
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Potential Hydrologic Scenario:  Stationarity! 
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Big Challenge For “us”:

Can we Offer Anything 
Better to Help Decision 

making?
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Some Results from Long Time-Scales to 
Seasonal and Inter-Annual Time-Scales  

Climate  Predictions into the Future!           
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A Dryer Future for Southwest US?  
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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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Source: Tom Karl NCDC-NOAA 2007 
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Seasonal Drought Outlook for U.S.  
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Observed Climate Trends  
over Iran:

Recent Droughts!   

Source: Bisher Imam – CHRS 2008
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KERMAN

Data: Dai, 2003 and 2007
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KHORASAN

Data: Dai, 2003 and 2007
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ZANJAN

Data: Dai, 2003 and 2007
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FARS

Data: Dai, 2003 and 2007
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AZARBAYJAN 
E. KHAVARI

Clear Large-Scale Drought Since Late 90s

Data: Dai, 2003 and 2007
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1998-2003 Drought: Largest since 1936 in most of the region1998-2003 Drought: Largest since 1936 in most of the region
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Climate model Predictions about the future?  globally
DJF Precipitation Changes
CM2 - Old model

CM3 - Updated model

Significant differences 
in regional outcomes!

Source: Hadley Center (Climate Change Projections)
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Seasonal Climate  Predictions: Global by IRI     
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Precipitation

Runoff

Streamflow

Soil Moisture

Groundwater

Progression of Droughts

Changnon, 1987
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Summary:
• Presently, the reliability of regional-
scale climate model predictions  fall short 
of meeting the requirements of water 
resources planning. 

Factoring in Resiliency in water resources systems 
design and planning is still the safest approach!    
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May 2005 Drought Workshop - Iran
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Thank You For ListeningThank You For Listening

The Rio Grande River,  NM   Photo:  J. Sorooshian  2005
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Back up slides 
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Potential Hydrologic Scenarios 
1. Precipitation and Runoff Trends 1. Precipitation and Runoff Trends 

(e.g. (e.g. increase/decreaseincrease/decrease))
2. Hydrologic Variability 2. Hydrologic Variability 

(e.g. (e.g. magnitude/severity/durationmagnitude/severity/duration))

Higher Mean

Lower Mean

Higher Variability

Lower Variability
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Shorter Time scale: Extending the Forecast Lead time 
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With improved 
QPF & hydrologic            
model accuracy  



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

Temporal Scale Importance: Daily Precip. at 2 stations
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PDSI

Very WetExtremely Dry

Data Source: Dai 2006
Animation: CHRS

Recent Drought Episodes in the Middle East Region
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Monthly water balance deficit propagation: Some Scenarios 

Changnon, 1987
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Wide-Range of  Impacts on Infrastructure  Design  
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