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Overview 
 
1) The relationship between a warming climate and 

extreme events  
 

2) Basics of climate change projections -> how are 
impacts of climate change predicted?  
 

3) Projected impacts for Australia and California 



Physical affects of a warming climate 
 
 
 

1) Increased rates of evapotranspiration  
 

 
 



Physical affects of a warming climate 
 
 
 
                     2) The atmosphere can hold more moisture   

 
 



Physical affects of a warming climate 
  
 
 

                     3) Change in Sea Surface temperature  



Physical affects of a warming climate 
  
 
 

                    



Observed affects of a warming climate  
  
1) Globally, number of heavy precipitation events have 
likely increased since 1951  

 
• However, there are HUGE regional and sub-

regional variations in trends 
 

2) Unlikely that the number of tropical storms have 
increased, but it is virtually certain the frequency and 
intensity of strong tropical storms have increased  

 
 
Source: Intergovernmental Panel on Climate change, 5th 
assessment, “Observations: Atmosphere and Surface”  
 
 

                    



Projecting the impacts of climate change 

1) First, we must select an emissions scenario… how much Carbon Dioxide?  

“No likelihood or preference is attached 
to any individual scenarios of the set” 
(van Vuuren et al. 2011)  



Projecting the impacts of climate change 

2) Secondly, we must simulate 
the weather’s response to an 
emission scenario 
 
Typically, global climate 
models are used to simulate 
weather from 2000 - 2100 



Projecting the impacts of climate change 

3) Thirdly, statistical analysis on the simulated data set is used to estimate 
impacts/changes in extreme weather 

Projected change in temperature and precipitation for 
Himalaya region (Chaturvedi et al. 2014) 



In Summary 

The relationship between a warming climate and extreme events is 
generally understood and accepted 
 
Projecting changes in extreme weather caused by climate change– 
and therefore estimating the impacts – is highly uncertain and 
speculative! 
 
Because of the uncertainty in greenhouse gas emission, it is 
impossible to estimate climate change impacts with precision 
 
 
However, climate change projections are still useful for 
qualitatively evaluating potential impacts and changes in weather 
patterns 
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Levee Failure 

Vahedifard F., Robinson J.D., AghaKouchak A., 2016, Can Protracted Drought Undermine the Structural 
Integrity of California's Earthen Levees? Journal of Geotechnical and Geoenvironmental Engineering, doi: 
10.1061/(ASCE)GT.1943-5606.0001465. 

Levee failures at the 
peak of Australia’s 
Millennium Drought in 
Murray Riverbank (a) 
before-collapse; (b) 
after-collapse (courtesy 
of Professor Tom 
Hubble and Elyssa De 
Carli). 



Levee Failure 

An aerial view of the failure of the Wilnis levee in the Netherlands, early Tuesday 26th August 2003 following overnight 
flooding superseded a drought season. A 100 meter long section of the levee collapsed, causing the evacuation of around 
2,000 inhabitants (courtesy of Koen Suyk, EPA/Newscom) – Vahedifard et al., 2016. 



Drought Threatens Levees 

Potential weakening mechanisms imposed on earthen levees due to drought (see Vahedifard F., Robinson J.D., AghaKouchak A., 2016, Can 
Protracted Drought Undermine the Structural Integrity of California's Earthen Levees? JGGE, doi: 10.1061/(ASCE)GT.1943-5606.0001465). 



Future Projections:  2020-2099 



Future Projections:  2020-2099 



Changes in Precipitation Extremes 

Global trends of drying and wetting 6-month SPI over the last 32 years. Areas 
showing significant drying (red) and wetting (blue) trends at 95% confidence (0.05 
significance level) - see Damberg L., AghaKouchak A., 2014, Global Trends and 
Patterns of Droughts from Space, Theoretical and Applied Climatology, 117(3), 441-
448. 



Changes in Precipitation Extremes 

  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  

Source: Tom Karl NCDC-NOAA 2007  



Changes in Precipitation Extremes 

Stationary Assumption in GEV: Parameters 𝜃 = 𝜇,𝜎, 𝜉  do not depend on time 
(statistical characteristics of extremes are time invariant) 
 
 
Nonstationary Assumption in GEV: Parameters  𝜃 = 𝜇,𝜎, 𝜉  are time-dependent 
(statistical characteristics of extremes changes over time) 
 

𝝁 𝒕 =  𝝁𝟏t + 𝝁𝟎  
                                
𝝁 𝒕 =  𝝁𝟏t + 𝝁𝟎     𝞂 𝒕 =  𝞂𝟏t + 𝞂𝟎        

𝑌𝑖  ~ GEV(µ,σ, ξ) 

𝑌𝑖  ~ GEV(𝝁𝟏t + 𝝁𝟎,σ, ξ) 

𝑌𝑖  ~ GEV(𝝁𝟏t + 𝝁𝟎, 𝝈𝟏t + 𝝈𝟎, ξ) 

http://amir.eng.uci.edu/neva.php 



Station Name State Latitude Longitude    
Battle Mountain NV 40.616 116.866 
Beaumont CA 33.929 116.975 
Idyllwild CA 33.747 116.714 

Non-stationary Precipitation Intensity-Duration-Frequency (IDF) 

Difference between the nonstationary and stationary precipitation extremes estimates for different return periods and durations (top two 
rows: 1-hr duration; bottom two rows: 2-hr duration) in mm/hr and percent (%). The boxplots show the median (center mark), and the 25th 
(lower edge) and 75th (upper edge) percentiles. 
Cheng L., AghaKouchak A., 2014, Precipitation Intensity-Duration-Frequency Curves for Infrastructure Design in a Changing Climate, 
Scientific Reports, 4, 7093: http://www.nature.com/srep/2014/141118/srep07093/full/srep07093.html 
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Non-stationary Precipitation Intensity-Duration-Frequency (IDF) 
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Non-stationary Precipitation Intensity-Duration-Frequency (IDF) 



Changes in Precipitation Extremes 

Trends in 3-hr and 6-hr rainfall extremes in Australia. Triangles statistically significant upward trend at 95% confidence. Circles show stations 
that do not exhibit a statistically significant trend (Source: White, T., Australia’s Precipitation Intensity-Duration-Frequency Curves in a 
Changing Climate, MS Thesis, Univ. of Melbourne, 2014).  



The rate of sea level rise since the mid-
19th century has been larger than the 
mean rate during the previous two 
millennia (high confidence). Over the 
period 1901 to 2010, global mean sea 
level rose by 0.19 [0.17 to 0.21] m. 



Nuisance Flooding  

Nuisance flooding occurs when high 
tide level exceeds the local elevation 

Storm Surge 

Nuisance Flooding 

Historically, it would take a strong 
storm to cause nuisance flooding 
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Nuisance flooding occurs when high 
tide level exceeds the local elevation 

Storm Surge 

Nuisance Flooding 

Nuisance Flooding 

Nuisance flooding become more 
frequent due to sea level rise 

Due to sea level rise, even high 
tide can result in nuisance flooding 

Historically, it would take a strong 
storm to cause nuisance flooding 



Nuisance Flooding  

Moftakhari et al., 2015, Geophysical Research Letters, Link: https://t.co/dXGKcwf5Dd  
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Moftakhari et al., 2015, Geophysical Research Letters, Link: https://t.co/dXGKcwf5Dd  

https://t.co/dXGKcwf5Dd


Nuisance Flooding  

Nuisance flooding occurs when high 
tide level exceeds the local elevation 

Storm Surge 

Nuisance Flooding 

Nuisance Flooding 

Nuisance flooding become more 
frequent due to sea level rise 

Due to sea level rise, even high 
tide can result in nuisance flooding 

Historically, it would take a strong 
storm to cause nuisance flooding 

The results suggest that on average, an 80±10% local SLR causes the median 
of the NF distribution to increase by 55±35% in 2050 under RCP8.5. The 
projected increase in NF will have significant socio-economic impacts and 
pose public health risks in coastal regions. 



Nuisance Flooding  

Percent (%) change in SLR 
and NF relative to the 
historic period; Percent 
changes calculated using 
the 50th quantile of 2050 
projections (RCP 8.5) are 
represented in the color 
scale (the 25th and 75th 
quantile of 2050 
projections are shown in 
parentheses.  Brown 
represents a higher 
percent change in 
SLR/NF, while yellow 
represents a lower 
percent change in SLR/NF 
relative to the other 
gauges shown. 

Moftakhari et al., 2015, Geophysical Research Letters, Link: https://t.co/dXGKcwf5Dd  

https://t.co/dXGKcwf5Dd


Questions? 
 
Amir AghaKouchak, 
University of California, Irvine 
Email:  amir.a@uci.edu 
Twitter:   @AmirAghaKouchak 
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