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Climate Change in Hawai‘i

How much 
more should 
we expect?

How much 
change have 
we already 

seen?



Hawai‘i Temperature Index

McKenzie, M.M., Giambelluca, T.W., and Diaz, H.F. Accepted. Regional 
temperature trends in Hawai‘i: a century of change, 1917-2016. 
International Journal of Climatology.

100-yr change = +0.52°C (+0.94°F)



Model Projections



How About Rainfall Change in Hawai‘i?



Changing Rainfall
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The Orographic Cloud



Two Ingredients Needed to Produce Rainfall

1. Moist air
2. Rising Air



Cloud Formation

• Clouds in Hawai‘i are made up of tiny liquid drops 
• The drops form through condensation







Climate Change Can Affect Our Rainfall by:

• Making the air more or less moist
• Making it easier or harder for air to rise



As Climate Warms:
Air Becomes More Moist



Trade Wind Inversion



TWI Trends

Cao et al. (2007)

TWI affected 
Hawai‘i more of 
the time starting 
in early 1990s

The pattern of 
more TWI days 
per year has 
continued.

Longman et al. (2015)



Hawai‘i Climate Change
It’s getting drier, especially in Kona

Decreases statewide — including most of O‘ahu

Frazier et al. (2018)

Wet Season Dry Season



500-yr Hawaiian Winter Rainfall Reconstruction

Diaz et al. (2016)



Stream Base Flow Also in Decline

Oki, D.S., 2004, Trends in Streamflow Characteristics in Hawaii, 1913-2003: U.S. Geological Survey Fact 
Sheet 2004-3104, 4 p. 



Model Projections



Rainfall Extremes

Kaua‘i: April 2018 – 49.69 inches – A new US record for 24-hr rainfall



2018 Eastern and Central North Pacific Tropical Storm/Hurricane Season

Hurricane Hector
Hurricane Lane

Hurricane Norman

Hurricane Olivia

Hurricane Walaka

Five hurricanes passed near or though the islands last season

• Change in 
number of 
storms 
uncertain. 

• Storms 
becoming 
stronger.

• Storms to 
produce more 
intense rainfall.



LANE



Observed
Max = 401 mm (16 in)

Observed
Max = 646 mm (25 in)

Observed
Max = 655 mm (26 in)

Observed
Max = 434 mm (17 in)

Hurricane Lane Rainfall



Climate Change in Hawai‘i  
• Warming at a faster rate ET Increase, More heat waves
• Air becoming more moist: RF Increase
• Lifting becoming more difficult: RF Decrease
• Windward areas become wetter
• Leeward and high elevation areas become drier
• Storms become less frequent but more intense

– More droughts – More wildfires
– More floods – Higher proportion of rainfall running off

• Sea level rise – Coastal flooding



Hawai‘i’s Rain Gauge Network
• Number of stations operating at any given time 

– Peaked in 1968 (over 950 stations)
– Large declines since the 1980s
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The Rain Gauge Network
• Monthly RF database of 2,224 rain gauge sites (1837-2012)
• Average length of record: 24 years



Current Rain Gauge Network
• # Current Stations (as of 2010): 435
• # Current Stations with > 50 years of data: 130

– Most of the current stations were installed within the last 30 years

134 Gauges

117 Gauges

6 Gauges

6 Gauges

11 Gauges

112 Gauges

49 Gauges

0 Gauges



8 Gauges Proposed



HaleNet
• We need more than rain gauges
• Where possible, we should add other sensors



Mahalo!
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