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Changing Climate: Global Temperature

NOAA National Centers for Environmental information, Climate at a Glance: Global Time Series, published 
March 2022, retrieved on March 21, 2022 from https://www.ncdc.noaa.gov/cag/

https://www.ncdc.noaa.gov/cag/
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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



Hawai‘i Temperature Index

McKenzie, M.M., Giambelluca, T.W., and Diaz, H.F. 2019. 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)





Kagawa-Viviani, A.K., and Giambelluca, T.W. 2020.  Spatial patterns and trends in surface air temperatures and 
implied changes in atmospheric moisture across the Hawaiian Islands, 1905–2017. Journal of Geophysical 
Research-Atmospheres 125(2): e2019JD031571, doi: 10.1029/2019JD031571.

100-yr change = 
+1.2°C (+2.16°F)

100-yr change = 
+1.7°C (+3.06°F)



Model Projections

Elison Timm, O. (2017), Future warming rates over the Hawaiian Islands based on elevation-dependent 
scaling factors. Int. J. Climatol, 37: 1093-1104. https://doi.org/10.1002/joc.5065

℃

https://doi.org/10.1002/joc.5065


How About Rainfall Change in Hawai‘i?



Changing Rainfall
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Diaz, H.F., and Giambelluca, T.W. 2012. Changes in atmospheric circulation patterns associated with high 
and low rainfall regimes in the Hawaiian Islands region on multiple time scales. Global and Planetary Change
98-99: 97-108, doi: 10.1016/j.gloplacha.2012.08.011.



500-yr Hawaiian Winter Rainfall Reconstruction

Diaz, H.F., Wahl, E.R., Zorita, E., Giambelluca, T.W., and Eischeid, J.K. 2016. A five-century reconstruction 
of Hawaiian Islands rainfall. Journal of Climate 29: 5661-5674, doi: 10.1175/JCLI-D-15-0815.1. 



Hawai‘i Climate Change

Decreases RF trends statewide

Wet Season Dry Season

Frazier, A.G., and Giambelluca, T.W. 2017. Spatial trend analysis of Hawaiian rainfall from 1920 to 2012. International Journal of Climatology 37: 2522-2531, doi: 10.1002/joc.4862.



Model Projections of Future Rainfall
Elison Timm, O., Giambelluca, 
T.W., and Diaz, H.F. 2015. 
Statistical downscaling of rainfall 
changes in Hawai‘i based on the 
CMIP5 global model projections. 
Journal of Geophysical Research-
Atmospheres 120: 92-112, doi: 
10.1002/2014JD022059.

Zhang, C., Wang, Y., Lauer, A., 
& Hamilton, K. (2012). 
Configuration and Evaluation of 
the WRF Model for the Study of 
Hawaiian Regional 
Climate, Monthly Weather 
Review, 140(10), 3259-
3277. https://journals.ametsoc.o
rg/view/journals/mwre/140/10/m
wr-d-11-00260.1.xml

https://journals.ametsoc.org/view/journals/mwre/140/10/mwr-d-11-00260.1.xml


Rainfall Extremes

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



What about changing ecosystems and climate 
change?



Areas dominated by the most widespread invasive tree species 
in Hawaiʻi use more water than native dominated areas

Giambelluca, T.W., Mudd, R.G., Huang, M., Nullet, M.A., Asner, G., Martin, R., Ostertag, R., Miyazawa, Y., Litton, C. 2016. Light availability 
controls ecosystem fluxes in native and non-native tropical montane wet forests in Hawai‘i. Abstract B31G-0560 presented at the American 
Geophysical Union Fall Meeting, San Francisco, December 2016.

LE/Rn: the fraction of 
net radiation used for 
evapotranspiration

Thurston: native 
dominated field site in 
Hawaiʻi Volcanoes 
National Park

Olaʻa: non-native 
(strawberry guava –
dominated field site in 
Hawaiʻi Volcanoes 
National Park



Strong positive 
response to radiation

Strong positive 
response to humidity

Negative responses 
to moisture

Projected future climate change will increase ET, especially in non-native forests

Giambelluca, T.W., Mudd, R.G., Huang, M., Nullet, M.A., Asner, G., Martin, R., Ostertag, R., Miyazawa, Y., Litton, C. 2016. Light availability 
controls ecosystem fluxes in native and non-native tropical montane wet forests in Hawai‘i. Abstract B31G-0560 presented at the American 
Geophysical Union Fall Meeting, San Francisco, December 2016.

This statistical analysis was used to predict 
how future climate changes will affect 
evapotranspiration in native and non-native 
forest communities in Hawaiʻi.



Land Stewardship in the Face of Climate Change
Changing Climate

• Higher temperatures 
• Higher ET

• Changing rainfall
• Lower average RF likely in some areas – more frequent droughts
• Higher extreme rainfall likely – more extreme flooding

• For areas getting drier
• Need more water for irrigation
• Greater fire frequency

Changing Vegetation
• Some invasive forest species use more water
• Increasing water use with climate change greater for non-native ecosystems

Land Stewardship
Natural Areas

• Preventing expansion of non-native species into native ecosystems
• Controlling/eradicating invasive species 
• Maintain clear stream channels

Working Lands
• Promoting sustainable agricultural practices
• Reducing fire risk
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