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Climate Change is Happening 
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PIRCA, 2012 

TWI frequency increasing 
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Observed Global Warming 
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(>800 m) 

Observed trends: Temperature 

Giambelluca et al., 2008, Geophysical Research Letters  



(>800 m) 

Observed trends: Temperature 

Giambelluca et al., 2008, Geophysical Research Letters  



Trade wind inversion becoming 
more frequent 

7 Photo: S. Crausbay 
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Krushelnycky et al. 2016 
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Dry Periods are Increasing 



Dry Periods are Increasing 

Chu et al., 2010 



Dry Periods are Increasing 
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Statewide Rainfall is Decreasing 

PIRCA 2012, updated from Chu & Chen 2005  



Change in annual rainfall per decade 
1978-2007 
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Maui average:  
-8.1% per 
decade 

A. Frazier, unpubl. 



Change in annual rainfall per decade 
1978-2007 
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Maui average:  
-8.1% per 
decade 

1920-2007 Slope: -2.86% per decade  
1978-2007 Slope: -10.40% per decade 

A. Frazier, unpubl. 
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Base Flow in Streams is Decreasing 



Base Flow in Streams is Decreasing 

Oki, 2004; Bassiouni & Oki, 2012 



Storms and Floods 

• Global trends toward more intense rainfall events 

 

 

 

 

 

 

• Decrease in intensity observed in Hawai’i 
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 Simple Daily Intensity Index, 
Honolulu  

Chu et al, 2010 
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We are here 

Meehl et al. 2012 

Multiple possible futures 
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Projected Temperature 
Increases 
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IPCC AR5, 2014 



• Stronger tropical storms in the future globally 

 

 

 

 

 

 

 

• Potential higher intensity and frequency near Hawaii (Murakami et al., 2013) 

Storms and Floods 



Projecting Precipitation is Really 
Difficult 

• Island scale 
pushes the 
limit of climate 
modeling. 

• Wetter 
windward, 
drier leeward? 

• Drier overall, 
parched 
leeward? 
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SD RCP 8.5 SD RCP 4.5 DD A1B 
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2100 native biome affinity 

Projections yield multiple possible 
futures for habitats 

Current 

Fortini et al. in review 
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2100 native biome affinity 

Projections yield multiple possible 
futures for habitats 

Fortini et al. in review 



SD RCP 8.5 SD RCP 4.5 
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2100 native biome affinity 

Projections yield multiple possible 
futures for habitats 

Fortini et al. in review 



SD RCP 8.5 
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2100 native biome affinity 

Projections yield multiple possible 
futures for habitats 

Fortini et al. in review 



Ocean changes affect terrestrial 
and aquatic habitats 
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Gattuso et al. Science 2015 

Photo Ian Jones, USFWS 

Photo B. Harry, NPS 



Ocean changes affect terrestrial 
and aquatic habitats 

29 
Gattuso et al. Science 2015 

Photo Ian Jones, USFWS 

Photo B. Harry, NPS 
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Coastal Wetlands 

Sea level rise projection for Keālia Pond National Wildlife Refuge, Maui 
Image courtesy of H. Kane and C. Fletcher  
 31 



Future Changes in Hawai‘i’s Climate: 
Warmer and Drier 

• High Confidence: 
– Increasing temperatures 
– Increasing sea level 

• More questions: 
– Lower mean rainfall? 
– Fewer heavy rainfall events? 
– More frequent drought events? 
– Higher rates of evaporation? 
– Reduced streamflow? 
– Reduced groundwater recharge? 
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