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Most fresh water in Hawai’i orginates with clouds that are produced by the orographic process.

You may have heard the term climate change. What does this term mean? What are the main 
climate features of Hawai‘i ? What is happening to the climate on our planet? What impacts of 
climate change are happening in Hawai‘i ? How can Hawai‘i communities adapt to these impacts?

The purpose of this booklet is to discuss these questions and more.
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A. What are weather and climate? 
To learn about climate change we need to understand the difference between weather and cli-
mate. Weather is the short-term condition of the atmosphere�MR�E�WTIGM½G�TPEGI��WYGL�EW�[LIVI�
you live. Is it raining today? Where is the wind blowing from and how strong is it blowing? Is the 
air hot or cool? How cloudy is the sky?

Climate is the long-term�EZIVEKI�[IEXLIV�TEXXIVR�MR�E�WTIGM½G�TPEGI�SV�VIKMSR��;LIR�WGMIRXMWXW�
HIWGVMFI�XLI�GPMQEXI�MR�E�TPEGI��XLI]�YWI�QIEWYVIQIRXW�ERH�SFWIVZEXMSRW�SJ�XLI�[IEXLIV�XLEX�
LEZI�FIIR�QEHI�SZIV�HIGEHIW��8LI�GPMQEXI�MR�E�TPEGI�LEW�ZIV]�FMK�IJJIGXW�SR�XLI�TPERXW��ERMQEPW��
and people who live there. Ecosystems are especially sensitive as they evolve under a particular 
GPMQEXI�ERH�[LIR�MX�GLERKIW��XLI�IGSW]WXIQ�FIGSQIW�WXVIWWIH��-J�GPMQEXI�GLERKIW�VETMHP]��WSQI�
species may face extinction.

Hawai‘i has a climate in which the weather patterns change from a wetter season (winter) to 
a drier season in the summer (Figure 1
��EPXLSYKL�MX�GER�VEMR�EX�ER]�XMQI�SJ�XLI�]IEV��3XLIV�
TPEGIW�SR�SYV�TPERIX�LEZI�GPMQEXIW�[LIVI�XLI�[IEXLIV�GLERKIW�WMKRM½GERXP]�SZIV�XLI�]IEV��*SV�
I\EQTPI��QER]�TPEGIW�LEZI�ZIV]�GSPH�WRS[]�[MRXIVW�ERH�ZIV]�LSX�WYQQIVW�

Climate describes what kind of weather you can expect to happen. Weather describes what 
MW�EGXYEPP]�LETTIRMRK��-J�]SY�ZMWMX�E�TPEGI�MR�XLI�[IXXIV�WIEWSR��]SY�WLSYPH�I\TIGX�XLEX�MX�[SYPH�
FI�VEMR]��,S[IZIV��SR�XLI�HE]W�XLEX�]SY�ZMWMX��XLI�[IEXLIV�GSYPH�EGXYEPP]�FI�HV]��-X�[EW�TVSFEFP]�
VEMR]�FIJSVI�]SY�ZMWMXIH��ERH�MX�[MPP�TVSFEFP]�FIGSQI�VEMR]�EKEMR�EJXIV�]SY�PIEZI�

B. What are the main climate features of Hawai‘i?
,E[EM´M´W�PSGEXMSR��XSKIXLIV�[MXL�XLI�VEMR��[MRH��WIEWSRW��ERH�XLI�ZEVMEFMPMX]�SJ�XLIWI��QEOI�XLI�
unique climate found in the islands. Each of these factors is discussed in detail on the following 
pages.

Weather in Hawai‘i

Figure 1 In Hawai’i, the weather changes from a wetter season (winter) to a drier season (summer). 
Hawai’i’s heaviest rains come from winter storms between October and April. 
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1. Location 

The climate in Hawai’i is generally warm with windy conditions and lots of water vapor in the 
air. This is known as high humidity. The map (Figure 2) shows two factors that play the biggest 
roles in causing this climate:

 Q Hawai’i is located in the tropics;
 Q Hawai’i is surrounded by the ocean in all directions

Locations in the tropics get a lot more energy from the Sun than places that are farther away 
from the equator. This location is the main reason that Hawai’i is warm and humid. Tem-
peratures range from daily highs of 85 - 90°F (29 - 32°C) during the summer months to 79 
- 83°F (26 - 28°C) during the winter months1. Where most people live in Hawai‘i (at lower 
IPIZEXMSRW�RIEV�XLI�SGIER
��XLI�XIQTIVEXYVI�VEVIP]�VMWIW�EFSZI����*�����'
�SV�HVSTW�FIPS[�
���*�����'
��,S[IZIV��XIQTIVEXYVIW�EVI�GSSPIV�MR�XLI�QSYRXEMRW�EX�LMKLIV�IPIZEXMSRW��-R�JEGX��
the three highest mountains (Figure 3
�SJ�1EYRE�/IE���������JX��������Q
�ERH�1EYRE�0SE�

1 Climate of Hawaii, Wikipedia, 2015. Sanderson, M. (ed.), 1993, Prevailing Trade Winds: Weather and Climate in 
Hawaii. University of Hawai‘i Press, Honolulu, 126pp. http://www.wrcc.dri.edu/narratives/HAWAII.htm    
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Figure 2 Hawai‘i is located in the tropics of the north central Pacific Ocean.

Hawai‘i's Location
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��������JX��������Q
�SR�,E[EM³M�-WPERH��ERH�,EPIEOEPEã���������JX��������Q
�SR�1EYM�EVI�WS�LMKL�
that they can receive snowfall even though they are located in the tropics.

The Hawaiian Islands are made of steep volcanoes that extend into the cold air thousands of 
feet (hundreds of meters) above sea level. The air temperature in Hawai’i depends on your 
elevation and which side of an island you are on. Locations at high elevations are cooler than 
PSGEXMSRW�RIEV�WIE�PIZIP��-R�EHHMXMSR��FIGEYWI�XLI�QSYRXEMRW�GER�FPSGO�XLI�RSVQEPP]�[MRH]�GSR-
HMXMSRW��[MRH[EVH�ERH�PII[EVH�WMHIW�SJ�XLI�MWPERHW�GER�LEZI�HMJJIVIRX�EMV�XIQTIVEXYVIW��ERH�VEMR�
patterns). 

8LI�SGIER�WYVVSYRHMRK�,E[EM³M�LEW�E�PEVKI�MR¾YIRGI�SR�XLI�GPMQEXI��8LI�EZIVEKI�WIE�WYVJEGI�
temperature varies throughout the course of the year by only about 6°F (3.3°C); from a low 
SJ�EFSYX����*�������'
�FIX[IIR�PEXI�*IFVYEV]�ERH�1EVGL�XS�E�LMKL�RIEV����*�������'
�MR�PEXI�
September or early October. This creates a very stable climate that does not change as much 
as places outside the tropics where temperature can vary by several tens of degrees from one 
season to the next. 

-J�XLI�MWPERHW�SJ�,E[EM³M�HMH�RSX�I\MWX��XLI�EZIVEKI�ERRYEP�VEMRJEPP�SR�XLI�SGIER�WYVJEGI�MR�XLMW�
PSGEXMSR�[SYPH�FI�EFSYX����MRGLIW�������GIRXMQIXIVW
��-RWXIEH��XLI�EGXYEP�EZIVEKI�MW�EFSYX����
MRGLIW������GIRXMQIXIVW
��8LI�TVIWIRGI�SJ�XLI�MWPERHW�GEYWIW�ER�EHHMXMSREP����MRGLIW������GIR-
timeters) of rain that otherwise would not fall. The high topography of the volcanic islands is 
VIWTSRWMFPI�JSV�XLMW�EHHIH�TVIGMTMXEXMSR��WII�XLI�RI\X�WIGXMSR
��%X�1X��;EM³EPI³EPI�SR�/EYE³M��XLI�
ERRYEP�EZIVEKI�VEMR�QIEWYVIW�ER�I\XVESVHMREV]�XSXEP�SJ�����MRGLIW�������GIRXMQIXIVW��SV�SZIV�
���JIIX
��8LMW�MW�XLI�LMKLIWX�VIGSVHIH�ERRYEP�EZIVEKI�VEMRJEPP�MR�XLI�[SVPH�

Figure 3 The Hawaiian Islands are characterized by high rugged topography 
that is an important factor in determining the weather

Ni‘ihau
O‘ahu

Lăna‘i

Kaua‘i

P A C I F I C  O C E A N

Honolulu

156o 157o 158o 159o 160o 155o W
Longitude

Moloka‘i

Kaho‘olawe

Maui

Lihue

Kaunakakai

Hilo
Kailua-Kona

21o

20o

22o

N

19o

La
tit

ud
e

Mauna Kea

Mauna Loa

+DOHDNDOă

Ko‘olau Range
Mt. Wai‘ale‘ale

Hawai‘i

W i n d w a r d

L e e w a r d

Hawai‘i



6
Copyright  2016 PREL

Climate Change in Hawai’i

6

2. Types of Rain and Trade Winds 

8LIVI�EVI�X[S�QEMR�OMRHW�SJ�MWPERHW�MR�XLI�4EGM½G�3GIER��LMKL�MWPERHW��WYGL�EW�XLI�IMKLX�QEMR�
,E[EMMER�-WPERHW
�ERH�PS[�MWPERHW��WYGL�EW�XLI�EXSPP�MWPERHW�SJ�4ETELEãREYQSOYEãOIE�1EVMRI�2E-
XMSREP�1SRYQIRX��ERH�XLI�1EVWLEP�-WPERHW
��%GVSWW�XLI�4EGM½G��GSQQYRMXMIW�SJ�TISTPI�SR�FSXL�
OMRHW�SJ�MWPERHW�LEZI�LSQIW��KVS[�JSSH��KS�½WLMRK��ERH�HVMRO�JVIWL�[EXIV��8LI�JVIWL�[EXIV�XLEX�
they have comes from the type of rain that falls where they are located. 

*VSQ�HE]�XS�HE]��XLIVI�EVI�X[S�GSQQSR�OMRHW�SJ�VEMR�XLEX�JEPP�MR�,E[EM³M�ERH�SXLIV�4EGM½G�MW-
PERHW��3RI�OMRH�SJ�VEMR�LETTIRW�IZIV][LIVI��SZIV�XLI�STIR�SGIER��SR�PS[�MWPERHW��ERH�SR�LMKL�
islands. This kind of rain happens because warm air rises (a process called convection). Above 
XLI�XVSTMGEP�4EGM½G�3GIER��XLI�VMWMRK�[EVQ�EMV�LEW�WS�QYGL�[EXIV�ZETSV�MR�MX�XLEX�XLI�[EXIV�ZE-
TSV�GSRHIRWIW��ERH�JSVQW�PS[�GPSYHW�[LIR�MX�VIEGLIW�XLI�GSSPIV�EMV�EFSZI�MX���8LI�GSRHIRWIH�
water then falls as rain that is called convective rain (Figure 4).

High islands cause a second type of rain. When warm humid air is forced to rise up the slopes 
SJ�E�LMKL�MWPERH��XLI�GSSP�EMV�MX�IRGSYRXIVW�GEYWIW�XLI�[EXIV�ZETSV�XS�GSRHIRWI��QEOMRK�GPSYHW�
and rain. This is called orographic rain (Figure 5
��:IV]�SJXIR��XLI�FEWI�SJ�XLI�GPSYHW�JSVQIH�
in this manner creates a clear horizon marking the transition where the rate of condensation 
increases so much that clouds form and rain precipitates.

Figure 4 Convective rain occurs when moist warm air rises and the water vapor condenses, 
forms low clouds and then precipitates or falls as rain.

&RQYHFWLYH�5DLQ�DW�:DLPăQDOR��2¶DKX
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%W�QIRXMSRIH�IEVPMIV��LMKL�QSYRXEMRW�MR�,E[EM³M�KIX�QSVI�VEMR�XLER�GSEWXEP�EVIEW��8LMW�MW�FI-
cause air is much colder up the slopes of a high mountain compared with the air at sea level. 
;LIR�[EVQ��LYQMH�EMV�FPS[MRK�MR�JVSQ�XLI�SGIER�LMXW�E�QSYRXEMR��XLEX�EMV�MW�JSVGIH�YT[EVH�
MRXS�XLI�GSPHIV�QSYRXEMR�EVIEW��%W�XLI�EMV�FIGSQIW�GSPHIV��MXW�[EXIV�ZETSV�GSRHIRWIW�JVSQ�XLI�
KEW�WXEXI�MRXS�XLI�PMUYMH�WXEXI��ERH�JSVQW�[EXIV�HVSTPIXW��8LIWI�[EXIV�HVSTPIXW�FIGSQI�GPSYHW��
WYTTSVXIH�F]�YT[EVH�VMWMRK�EMV�GYVVIRXW��JVSQ�[LMGL�VEMR�JEPPW�SR�XLI�MWPERH��

0S[�EXSPP�MWPERHW��WYGL�EW�JSYRH�MR�4ETELREYQSOYEãOIEã�ERH�XLVSYKLSYX�1MGVSRIWME�ERH�4SP]RIWME��
are usually made of coral sand and gravel. Low islands do not cause humid air to condense 
because these islands do not have tall topography that extends into the cold air at high elevations. 
The main source of fresh water on a low island comes from convective rain that moves across 
the ocean and happens to pass over the island. Both convective rain and orographic rain result 
JVSQ�EMV�EX�LMKLIV�IPIZEXMSRW�FIMRK�GSSPIV��ERH�XLIVIF]�GEYWMRK�QSVI�GSRHIRWEXMSR��8LI�HMJJIV-
IRGI�MW�XLEX�SVSKVETLMG�VEMR�GSQIW�JVSQ�QSYRXEMRW�JSVGMRK�XLI�EMV�XS�UYMGOP]�VMWI��[LMPI�GSRZIG-
tive rain results from warm air rising due to being less dense than cold air. 

Figure 5 Orographic rain occurs when warm humid air is forced to rise up the slopes of a high island and 
the cool temperatures it encounters causes the water vapor to condense, making clouds and rain.

2URJUDSKLF�5DLQ�DW�.XDORD��2¶DKX
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8LI�MRGVIEWI�MR�VEMRJEPP�XLEX�SGGYVW�EW�]SY�GPMQF�XS�LMKLIV�IPIZEXMSRW�IRHW��LS[IZIV��[LIR�]SY�
reach the Trade Wind Inversion (TWI) level (Figure 6a). The TWI can be seen as the top of 
XLI�QSYRXEMR�GPSYH�PE]IV��EX�X]TMGEPP]�FIX[IIR�������ERH�������JIIX�������XS������QIXIVW
�SJ�
elevation.  The inversion forms when warm dry air from higher in the atmosphere sinks over 
the Hawaiian Islands and encounters cooling air rising up the slopes of the mountains. This 
condition of dry warmer air above cooler air causes cloud formation to stop. Conditions above 
XLI�8;-�EVI�ZIV]�HV]�ERH�XLI�IRZMVSRQIRX�SJ�XLI�LMKLIWX�TIEOW�MR�,E[EM´M��WYGL�EW�SR�1EYRE�
/IE��1EYRE�0SE��ERH�,EPIEOEP³M��EVI�arid as a result (Figure 6b).   

The TWI is formed by warm air that is carried from the equator by currents high in the atmo-
sphere. This air sinks to the ocean surface in the region around Hawai‘i and forms an impor-
tant belt of wind that blows across the ocean surface called the trade wind. The trade wind is 
discussed in a latter section of this booklet.

8LI�VEMR�ERH�XVEHI�[MRHW��GSQFMRIH�[MXL�,E[EM³M´W�VYKKIH�XSTSKVETL]��EVI�GVMXMGEP�JEGXSVW�MR�MXW�
hydrologic cycle. Because the Islands’ towering peaks and cliffs form a barrier to the moisture-
PEHIR�XVEHI�[MRHW��EW�XLMW�EMV�VMWIW�EKEMRWX�XLI�MWPERH�XLI�JEPPMRK�XIQTIVEXYVI�EPPS[W�GSRHIRWEXMSR�
to outpace evaporation��JSVQMRK�JEQMPMEV�VEMR�GPSYHW��8LYW��EQSRK�XLI�VMHKI�XSTW�ERH�SR�XLI�
windward�WMHIW�SJ�XLI�MWPERHW��XLI�WMHIW�JEGMRK�IEWX�SV�RSVXLIEWX
��SVSKVETLMG�VEMR�JEPPW�JVSQ�XLIWI�
GPSYHW�ERH�VYRW�HS[R�XLI�ZSPGERMG�WPSTIW��4SVSYW��TIVQIEFPI�PEZE�ERH�PE]IVW�SJ�ZSPGERMG�GMRHIV�
WXSVI�XLI�[EXIVW�XLEX�WIIT�YRHIVKVSYRH��;MRH[EVH�WPSTIW�ERH�QSYRXEMRSYW�TIEOW��P]MRK�FIPS[�
XLI�8;-��XLEX�JEGI�MRXS�XLI�XVEHI�[MRHW��EVI�XLI�WMXIW�SJ�KVIEXIWX�VEMRJEPP��8LIWI�PSGEXMSRW�VIGLEVKI�
underground aquifers�JVSQ�[LMGL�VIWMHIRXW�HVE[�TVIGMSYW�JVIWL[EXIV��ERH�XLEX�JIIH�WXVIEQW�XLEX�
RSYVMWL�[IXPERHW�ERH�PS[PERH�XEVS�EKVMGYPXYVI��FIJSVI�IZIRXYEPP]�¾S[MRK�MRXS�XLI�SGIER�

Figure 6a. Warm dry air from the upper 
atmosphere often sinks over the Hawaiian 
Islands. This air stops the rise of the cooler 
air that has been forced up the mountain. 
This phenomenon is called the Trade Wind 
Inversion (TWI). b. The tops of these oro-
graphic clouds show the position of the TWI 
on the slopes of Mauna Kea, Hawai‘i. Note 
how dry the land is by the lack of vegeta-
tion.  

&ORXG�DQG�5DLQ�)RUPDWLRQ�RQ�+LJK�,VODQGV

a.

b.
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&IGEYWI�QSWX�VEMR�JEPPW�SR�XLI�VMHKIW�ERH�[MRH[EVH�WMHIW�SJ�XLI�MWPERHW��leeward areas tend 
XS�FI�WIQM�EVMH�SV�EVMH��*SV�MRWXERGI��XLI�ERRYEP�VEMRJEPP�EZIVEKIW����MRGLIW�����GIRXMQIXIVW
�
and less in leeward coastal areas while at the other extreme the annual average exceeds 300 
inches (762 centimeters) along the windward slopes.

3. Seasons and Variability

8LI�[IEXLIV�ERH�GPMQEXI�MR�,E[EM³M�LEZI�FIIR�SFWIVZIH�ERH�EREP]^IH�WMRGI�XLI�½VWX�EVVMZEP�SJ�
LYQERW��ERH�LEZI�FIIR�WGMIRXM½GEPP]�QIEWYVIH�JSV�SZIV�E�GIRXYV]��,E[EM³M�I\TIVMIRGIW�WIZIVEP�
GPMQEXI�TEXXIVRW��MR�EHHMXMSR�XS�FIMRK�KIRIVEPP]�[EVQ�ERH�LYQMH��3RI�SJ�XLI�QSWX�MQTSVXERX�
TEXXIVRW�MW�XLEX�HYVMRK�XLI�]IEV�XLIVI�EVI�X[S�WIEWSRW��E�[IXXIV�WIEWSR�XLEX�MW�GSSPIV�ERH�E�
drier season that is warmer. 

Native Hawaiians have long recognized these two seasons. Kau (May through September) is 
XLI�JVYMXJYP�WIEWSR�[LIR�XLI�WYR�MW�QSVI�HMVIGXP]�SZIVLIEH��XLI�[IEXLIV�MW�[EVQIV��[MHIWTVIEH�
VEMRWXSVQW�EVI�VEVI��ERH�[MRHW�JVSQ�XLI�RSVXLIEWX�ERH�IEWX��XLI�XVEHI�[MRHW��EVI�QSWX�VIPMEFPI��
Ho‘oilo��3GXSFIV�XLVSYKL�%TVMP
�MW�XLI�WIEWSR�[LIR�XLI�WYR�MW�MR�XLI�WSYXL��XLI�[IEXLIV�MW�
GSSPIV��ERH�XLI�XVEHI�[MRHW�EVI�QSWX�SJXIR�MRXIVVYTXIH�F]�SXLIV�[MRHW��Table 1). 

Feature Kau (May-September) Ho‘oilo (October – April)

Sun position More directly overhead

Wind Persistent trade winds

Temperature

Rain Drier

Warmer

To the south

Intermittent trade winds

Wetter

Cooler

-R�QSWX�TEVXW�SJ�XLI�XVSTMGW��VEMRJEPP�MW�LMKLP]�ZEVMEFPI�JVSQ�SRI�]IEV�XS�ERSXLIV�ERH�,E[EM³M�MW�
no exception. Figure 7 shows the yearly rainfall in inches measured at Honolulu International 
%MVTSVX�FIX[IIR�XLI�]IEVW������ERH�������2SXI�XLEX�XLI�EQSYRX�SJ�VEMR�GLERKIW�E�PSX�JVSQ�
]IEV�XS�]IEV��7SQI�]IEVW�LEH����MRGLIW������GIRXMQIXIVW
�SV�QSVI�SJ�VEMR��[LMPI�SXLIV�]IEVW�

Figure 7 The amount of rainfall in Hawai‘i has a lot of variability from one year to the next.
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LEH����MRGLIW�������GIRXMQIXIVW
�SV�PIWW�SJ�VEMR��8LMW�OMRH�SJ�GLERKI�MR�VEMRJEPP�MW�EPWS�E�REXYVEP�
JIEXYVI�SJ�XLI�GPMQEXI�MR�QER]�4EGM½G�MWPERHW�XLEX�EVI�RIEV�XLI�IUYEXSV��7GMIRXMWXW�WE]�XLEX�XLI�
amount of rainfall has a lot of variability2 (natural change from year to year).

)ZIR�MR�EVIEW�SJ�ZIV]�LMKL�VEMRJEPP��[MXL�QSRXLP]�EZIVEKIW�EFSZI����MRGLIW�������GIRXMQIXIVW
��
XLI�VEMRJEPP�MR�ER]�TEVXMGYPEV�QSRXL�QE]�HSYFPI�SV�XVMTPI�JVSQ�SRI�]IEV�XS�ERSXLIV��ERH�XLIVI�
may be occasional months with only one or two inches (2.5 to 5 centimeters) of rain. 

6EMRJEPP�ZEVMEFMPMX]�MW�JEV�KVIEXIV�HYVMRK�,S³SMPS��[LIR�SGGEWMSREP�WXSVQW�QE]�IRZIPST�IRXMVI�MWPERHW�
SV�TEVXW�SJ�MWPERHW�ERH�GSRXVMFYXI�ETTVIGMEFP]�XS�VEMRJEPP�XSXEPW��*SV�FSXL�,MPS�ERH�,SRSPYPY��XLI�
Ho‘oilo variability in January rainfall is about 10 times greater than the Kau variability in August 
VEMRJEPP��,MPS�MR�KIRIVEP�XIRHW�XS�KIX�QYGL�QSVI�VEMR�XLER�,SRSPYPY��FYX�XLI]�FSXL�LEZI�XLI�WEQI�
seasonal change towards wetter and more variable rain in Ho‘oilo compared with Kau.

4. Regional Wind and Rain Patterns
The trade winds are an important aspect of the weather and climate in Hawai‘i. They are cre-
ated at the 2SVXL�4EGM½G�,MKL��ER�EVIE�XS�XLI�RSVXLIEWX�SJ�,E[EM³M�[LIVI�EMV�XLEX�LEW�GSSPIH�
WMROW�XLVSYKL�XLI�EXQSWTLIVI�SRXS�XLI�SGIER�WYVJEGI��;LIR�EMV�WMROW�XLVSYKL�XLI�EXQSWTLIVI��
it creates an area of high atmospheric pressure on Earth’s surface. This movement creates the 
XVEHI�[MRHW��EW�XLI�EMV�[MPP�¾S[�E[E]�JVSQ�XLI�LMKL�TVIWWYVI�XS[EVH�EVIEW�SJ�PS[IV�TVIWWYVI��

8LI�2SVXL�4EGM½G�,MKL�VSXEXIW�MR�E�GPSGO[MWI�HMVIGXMSR��Figure 8) creating winds that travel 
to the west and southwest. These winds become the trade winds that blow across the tropical 
4EGM½G�VIKMSR�XS�1MGVSRIWME�ERH�FI]SRH��

8LI�IEWX�XS�[IWX�XVEHI�[MRHW�TPE]�E�PEVKI�VSPI�MR�XLI�GPMQEXI�SJ�XLI�XVSTMGEP�4EGM½G�3GIER��MRGPYHMRK�
Hawai‘i. These winds can change during a climate pattern called the El Niño Southern Oscillation 

��8S�PIEVR�QSVI�EFSYX�GPMQEXI�ZEVMEFMPMX]�WII�XLI�4')4�FSSOPIX�±4EGM½G�'PMQEXI�:EVMEFMPMX]²�LXXT���TGIT�TVIP�
SVK�VIWSYVGIW�TEGM½G�GPMQEXI�ZEVMEFMPMX]�

Figure 8 The North Pacific High is a high-pressure region in the atmosphere that is located to the 
northeast of Hawaii. Air in the North Pacific High rotates in a clockwise direction making the trade 
winds that travel outward toward the west and southwest. 

7KH�1RUWK�3DFLÀF�+LJK�&UHDWHV�WKH�7UDGH�:LQGV

North Pacific High

Trade Winds
Commonwealth
 of the Northern 
Mariana Islands

Guam
+DZDL¶L

equator

American Samoa
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�)273
��)273�MW�E�TIVMSHMG�¾YGXYEXMSR�MR�WIE�WYVJEGI�XIQTIVEXYVI�EGVSWW�XLI�GIRXVEP�ERH�IEWXIVR�
XVSTMGEP�4EGM½G�3GIER��VERKMRK�ER][LIVI�JVSQ�����*�XS�����*����'�XS���'
�GSQTEVIH�XS�RSVQEP��-R�
EHHMXMSR�XS�WMKRM½GERXP]�EJJIGXMRK�XLI�4EGM½G�MWPERHW��)273�LEW�FMK�IJJIGXW�SR�GPMQEXI�MR�ZIV]�HMWXERX�
locations around the world. 

There are 3 types of ENSO patterns.  
        Q  When the winds are normal it is called a neutral year.  
        Q �;LIR�XLI�XVEHI�[MRHW�EVI�WXVSRKIV�XLER�RSVQEP��WGMIRXMWXW�GEPP�MX�E�La Niña year.  
        Q �;LIR�XVEHI�[MRHW�EVI�[IEOIV�XLER�RSVQEP��SV�EFWIRX��WGMIRXMWXW�WE]�XLEX�MX�MW�ER�)P�2MyS�]IEV��

Table 2�WYQQEVM^IW�XLI�HMJJIVIRGIW�FIX[IIR�RIYXVEP�]IEVW��)P�2MyS�]IEVW��ERH�0E�2MyE�]IEVW�

-R�ERIYXVEP�]IEV��RSVQEP�GSRHMXMSRW
��XLI�SGIER�[EXIV�EVSYRH�,E[EM³M�XIRHW�XS�FI�WMQMPEV�XIQ-
TIVEXYVI�EW�[EXIVW�MR�XLI�GIRXVEP�ERH�IEWXIVR�TSVXMSRW�SJ�XLI�4EGM½G�3GIER��2SVQEP�PIZIPW�SJ�
IZETSVEXMSR�ERH�[MRHW�TVSZMHI�JSV�X]TMGEP�EQSYRXW�SJ�VEMR�XLEX��MR�XLI�TEWX�HIGEHI��LEW�XVIRHIH�
toward increasing drought (an extended period of dry conditions).

-R�ER�)P�2MyS�]IEV��XVEHI�[MRHW�EVI�[IEOIV�XLER�RSVQEP�SV�EFWIRX��8LMW�EPPS[W�[EVQ�SGIER�
[EXIV�XS�QMKVEXI�E[E]�JVSQ�XLI�[IWXIVR�XVSTMGEP�4EGM½G�XS[EVH�XLI�IEWXIVR�4EGM½G�3GIER��
Sea surface temperatures in Hawai‘i are higher than normal and there may be more tropical 
cyclones�XLER�YWYEP��-R�XLI�[IWXIVR�ERH�GIRXVEP�4EGM½G��[LIVI�,E[EM´M�MW�PSGEXIH
��XLIVI�QE]�FI�
more rainfall than normal as El Niño conditions grow and develop. But as an El Niño comes to 
E�GPSWI��GSRHMXMSRW�EVI�YWYEPP]�HVMIV�ERH�XLIVI�MW�E�KVIEXIV�GLERGI�SJ�HVSYKLX���

-R�E�0E�2MyE�]IEV��,E[EM³M�XIRHW�XS�I\TIVMIRGI�GSPHIV�XLER�YWYEP�WIE�WYVJEGI�XIQTIVEXYVIW��
7XVSRK�XVEHI�[MRHW�FPS[�EGVSWW�XLI�SGIER�WYVJEGI�XS[EVH�XLI�XVSTMGEP�WSYXL[IWX�4EGM½G��
This raises the level of the ocean in that region and can cause coastal erosion (land loss due 
XS�[EZI�EGXMSR
�ERH�HEQEKMRK�¾SSHW�HYVMRK�king tides (the highest tides of the year) in the 
6ITYFPMG�SJ�XLI�1EVWLEPP�-WPERHW��XLI�*IHIVEXIH�7XEXIW�SJ�1MGVSRIWME��ERH�6ITYFPMG�SJ�4EPEY��-R�
,E[EM³M��WIE�PIZIP�TSWMXMSR�MW�RSX�WXVSRKP]�EJJIGXIH�F]�)273��FYX�VEMRJEPP�MW��0E�2MyE�]IEVW�XIRH�XS�

Table 2 The effects of ENSO conditions in Hawai‘i

Feature Neutral ENSO Year El Niño ENSO Year La Niña ENSO Year

Wind Normal east to west trade 
winds

Weaker than normal with 
occasional westerly winds

Stronger than normal trade 
winds

Rainfall Usual amounts of rainfall 
with normal variability

Hawai‘i may be wetter than 
usual but this pattern seems 
to be changing as recent 
La Niña years have brought 
less than normal rain

Sea Level Usual sea level with normal 
tide variability

Ocean level is near to 
slightly above normal. 
High surf on north shores 
of islands that can cause 
coastal erosion and flooding

Ocean level may be slightly 
below normal with normal 
tide variability

As El Niño develops there is 
more rainfall than normal. 
As El Niño comes to an end, 
Hawai’i tends to be drier 
than usual, and can 
experience drought

Table 1 (162�&RQGLWLRQV�DQG�WKH�(IIHFWV�RI�(162�&KDQJHV�LQ�+DZDL¶L
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LEZI�QSVI�VEMRJEPP�XLER�RSVQEP��,S[IZIV��XLMW�ETTIEVW�XS�FI�GLERKMRK�EW�VIGIRX�0E�2MyE�]IEVW�
have brought less than normal rain.

The signature of El Niño and La Niña years is the temperature of the sea surface in the central  
ERH�IEWXIVR�4EGM½G�3GIER�EVSYRH�XLI�IUYEXSV��(YVMRK�ER�)P�2MyS�]IEV��XLI�XIQTIVEXYVI�MW�[EVQ-
IV�XLER�EZIVEKI��ERH�HYVMRK�E�0E�2MyE�]IEV��XLI�XIQTIVEXYVI�MW�GSSPIV�XLER�EZIVEKI��Figure 9). 

0 2 4-2-4

Sea surface temperature anomaly (°C)

El Niño La Niña

Figure 9 These maps of the Pacific Ocean show the changing sea surface temperature, 
relative to the average, during El Niño and La Niña years. 

(O�1Lño La Niña

5. Extreme Weather Events

Extreme weather events are another important climate feature in Hawai‘i. An extreme weather 
event is the kind of weather that can cause a lot of damage and problems for ecosystems and 
TISTPI��8LI�QEMR�I\XVIQI�[IEXLIV�IZIRXW�XLEX�LETTIR�MR�,E[EM³M�EVI�HVSYKLXW��XVSTMGEP�G]GPSRIW��
and intense rainstorms.

i. Drought 

(IWTMXI�VIPEXMZIP]�LMKL�ERRYEP�VEMRJEPP�EQSYRXW�MR�GIVXEMR�PSGEXMSRW��1X��;EM³EPI³EPI��/EYE³M��
/S³SPEY�6ERKI�SR�3³ELY��ERH�SXLIVW
��,E[EM³M�WYJJIVW�XLI�RIKEXMZI�IJJIGXW�SJ�HVSYKLX�EPQSWX�
every dry season. Studies3�MR�,E[EM³M�WLS[�E�HIGPMRMRK�EQSYRX�SJ�VEMRJEPP�SZIV�XLI�TEWX�GIRXYV]��
[LMGL�LEW�EGGIPIVEXIH�MR�XLI�TEWX���HIGEHIW��(YVMRK�HVSYKLX��[MPH½VIW�MRGVIEWI��KVEWWPERHW�ERH�
GIVXEMR�XVII�WTIGMIW�XIRH�XS�HV]�SYX�ERH�HIJSPMEXI�SV�PSWI�XLIMV�PIEZIW��WXVIEQ�¾S[�MW�VIHYGIH��
and Hawai‘i water wells show a decrease in water level. 

6ERGLMRK��GVST�MVVMKEXMSR��EUYEXMG�IGSW]WXIQW��ERH�TPERX�GSQQYRMXMIW�EPP�I\TIVMIRGI�[EXIV�VI-
PEXIH�WXVIWW�HYVMRK�XMQIW�SJ�HVSYKLX��)ZIV]�XLVII�SV�JSYV�]IEVW��XLI�HVSYKLX�MW�IWTIGMEPP]�WIZIVI��
(VSYKLXW�X]TMGEPP]�SGGYV�MR�XLI�HVMIV�WIEWSR�QSRXLW�SJ�.ERYEV]�XLVSYKL�.YRI��IWTIGMEPP]�MR�XLI�
last 6 months or so of an El Niño year. 

3 Giambelluca, T.W., Diaz, H.F., Elison Timm, O., Takahashi, M., Frazier, A.G., and Longman, R. 2011. Regional 
climate trends in Hawai‘i. American Geophysical Union Fall Meeting, San Francisco, December 2011.    
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(YVMRK�TEVXMGYPEVP]�WXVSRK�)P�2MyS�HVSYKLX��VEMRJEPP�GER�HIGVIEWI�HYVMRK�XLI�HV]�WIEWSR�ERH�XLI�
PIRKXL�SJ�XLI�HV]�WIEWSR�GER�FI�I\XIRHIH��8LI�[SVWX�VIGSVHIH�HVSYKLX�[EW�MR�������[LIR�
,E[EM³M�VIGIMZIH�WMKRM½GERXP]�PIWW�XLER�XLI�EZIVEKI�VEMRJEPP��8LI�)P�2MyS�MR������[EW�WXVSRK�ERH�
the drought in 2016 was severe.

It is not clear how drought will change in the future. Some climate models predict an increase 
MR�XLI�WXVIRKXL�ERH�JVIUYIRG]�SJ�JYXYVI�)P�2MyS�GSRHMXMSRW��[LMGL�WYKKIWXW�XLEX�HVSYKLX�[MPP�
increase as well. Models also predict that wet places will get wetter and dry places will get 
HV]IV��FYX�XLEX�SZIVEPP��,E[EM³M�[MPP�I\TIVMIRGI�HV]IV�GSRHMXMSRW��8LMW�TSWIW�ER�EHETXEXMSR�GLEP-
lenge to Hawai‘i’s water managers and policy makers to develop new water recovery and 
delivery systems that protect the natural resources of the ahupua‘a and ensure people can ac-
cess water on all inhabited areas of the islands. 

ii. Tropical Cyclones

�:IV]�WXVSRK�WXSVQW�MR�XLI�IUYEXSVMEP�4EGM½G�3GIER�VIKMSR�EVI�GEPPIH�±XVSTMGEP�G]GPSRIW²�
(Figure 10
��8VSTMGEP�G]GPSRIW�LEZI�WXVSRK��HEQEKMRK�[MRH�ERH�ZIV]�LIEZ]�VEMRJEPP�XLEX�PIEHW�XS�
¾SSHMRK��8VSTMGEP�G]GPSRIW�XLEX�EVVMZI�MR�XLI�,E[EMMER�-WPERHW�YWYEPP]�JSVQ�SJJ�[IWXIVR�1I\MGS�
ERH�'IRXVEP�%QIVMGE�MR�XLI�[EVQ�GSEWXEP�[EXIVW�SJ�XLI�IEWXIVR�4EGM½G��8LI�LYVVMGERI�WIEWSR�
SJ½GMEPP]�WXEVXW�SR�.YRI���ERH�I\XIRHW�XLVSYKL�2SZIQFIV�����,S[IZIV��XLI�WXSVQMIWX�TIVMSH�
generally falls from July through September.

Figure 10 In late August, 2015 there were 3 hurricanes in the region of Hawai‘i: Kilo, 
Ignacio, and Jimena. The Pacific hurricane season of 2015 set a new record for number 
of tropical cyclones in a single season – 15.

7KUHH�+XUULFDQHV�1HDU�+DZDLL��$XJXVW������

8VSTMGEP�G]GPSRIW�EVI�GPEWWM½IH�MRXS���X]TIW�SR�XLI�FEWMW�SJ�XLIMV�[MRH�WTIIH��8LI���X]TIW�EVI�EW�
follows:

��,YVVMGERI��%R�MRXIRWI�XVSTMGEP�[IEXLIV�W]WXIQ�[MXL�E�[IPP�HI½RIH�GMVGYPEXMSR�ERH�WYWXEMRIH�
[MRHW�SJ����QMPIW������OQ
�TIV�LSYV�SV�LMKLIV��-R�XLI�[IWXIVR�4EGM½G��LYVVMGERIW�EVI�GEPPIH�
X]TLSSRW��MR�XLI�-RHMER�3GIER��XLI]�EVI�GEPPIH�G]GPSRIW�

��8VSTMGEP�WXSVQ��%R�SVKERM^IH�W]WXIQ�SJ�WXVSRK�XLYRHIVWXSVQW�[MXL�E�HI½RIH�GMVGYPEXMSR�ERH�
maximum sustained winds of 39 to 73 miles (63 to 117 km) per hour.

Kilo
Ignacio

Jimena
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��8VSTMGEP�HITVIWWMSR��%R�SVKERM^IH�W]WXIQ�SJ�GPSYHW�ERH�XLYRHIV�WXSVQW�[MXL�HI½RIH�
circulation and maximum sustained winds of 38 miles (61 km) per hour or less.

-R�,E[EM³M��EPXLSYKL�LYVVMGERIW�LEZI�RSX�FIIR�LMWXSVMGEPP]�GSQQSR��[LIR�WXSVQW�HS�ETTVSEGL�
and hit an island the results can be catastrophic. � This is largely because Hawai‘i’s communi-
XMIW�LEZI�RSX�XEOIR�WYJ½GMIRX�WXITW�XS�TVSXIGX�XLIQWIPZIW��XS�JEGXSV�MR�XLI�TSXIRXMEP�JSV�ZMSPIRX�
[MRHW�MR�XLI�HIWMKR�SJ�FYMPHMRKW��XS�FYMPH�YT�ERH�E[E]�JVSQ�TSXIRXMEP�WXSVQ�WYVKI��XS�FYV]�
TS[IV�PMRIW��ERH�XS�TPER�JSV�XLI�HE]W�XS�[IIOW�SJ�MWSPEXMSR�ERH�TS[IV�JEMPYVI�XLEX�HIZIPSTW�MQ-
mediately after a storm has hit.

Many factors affect the level of tropical cyclone activity from year to year. Chief among them is 
XLI�WXEXI�SJ�XLI�)P�2MyS�7SYXLIVR�3WGMPPEXMSR�MR�XLI�4EGM½G��1SHIVEXI�XS�WXVSRK�)P�2MyS�]IEVW�
are correlated with increased tropical cyclone activity in the waters around Hawai‘i and the oc-
currence of late season storms. Cyclones are least frequent in La Niña years. 

(YVMRK�XLI�HIZIPSTQIRX�SJ�XLI������)P�2MyS��XLI�'IRXVEP�4EGM½G�EVSYRH�,E[EM³M�I\TIVMIRGIH�
E�VIGSVH�WIXXMRK����XVSTMGEP�G]GPSRIW����SJ�[LMGL�VIEGLIH�LYVVMGERI�WXVIRKXL��FYX�PYGOMP]��RSRI�
of them made landfall among the islands. Scientists5 have concluded that because of climate 
GLERKI��JYXYVI�)P�2MyS´W�SGGYVVIRGIW�[MPP�FI�WXVSRKIV�ERH�QSVI�JVIUYIRX��8LMW�WYKKIWXW�XLEX�
Hawai‘i may experience increased exposure to tropical cyclones as global warming continues.

iii. Intense Rainstorms

�-R�������[LMPI�SRI�SJ�XLI�WXVSRKIWX�)P�2MyS´W�MR�LMWXSV]�[EW�HIZIPSTMRK��,SRSPYPY�I\TIVMIRGIH�
���HE]W�SJ�VIGSVH�WIXXMRK�VEMRJEPP�MR�%YKYWX��7ITXIQFIV��ERH�2SZIQFIV��8LI�GMX]�EPWS�
I\TIVMIRGIH���QSRXLW�SJ�FIPS[�EZIVEKI�VEMRJEPP�XLEX�WEQI�]IEV��VIZIEPMRK�SRI�SJ�XLI�OI]�
JIEXYVIW�SJ�GPMQEXI�GLERKI�ERH�)P�2MyS´W��XLEX�FSXL�HVSYKLX�ERH�VEMR�MRXIRWMX]�XIRH�XS�MRGVIEWI�

(IPYKIW�SJ�VEMR�XLEX�KVIEXP]�I\GIIH�EZIVEKI�PIZIPW�SJ�VEMRJEPP��FYX�XIRH�XS�IRH�UYMGOP]��
characterize intense rainstorms. These downbursts of rain fall at a rate of several inches 
TIV�LSYV��JEV�WYVTEWWMRK�QSVI�RSVQEP�VEMRJEPP�VEXIW�SJ������PMKLX
�XS������LIEZ]
�MRGLIW�SJ�VEMR�
per hour. The impact of these events is to cause short-term ¾EWL�¾SSHW that overwhelm 
XLI�HVEMREKI�GETEGMX]�SJ�SYV�VSEHW��FYMPHMRKW��ERH�HIZIPSTIH�EVIEW��*SV�MRWXERGI��XSVVIRXMEP�
rain caused problems for Oahu drivers and businesses in September 2015 when major 
XLSVSYKLJEVIW�UYMGOP]�¾SSHIH�ERH�GEYWIH�XVEJ½G�XS�GSQI�XS�E�LEPX��;EXIV�SZIV¾S[IH�SRXS�
WMHI[EPOW��QEOMRK�MX�HMJ½GYPX�JSV�HVMZIVW�XS�WII�XLI�VSEH�ERH�GYVF��(YVMRK�MRXIRWI�VEMRWXSVQW��XLI�
EQSYRX�SJ�VEMRJEPP�MW�IRSYKL�XS�½PP�WXSVQ�HVEMR�TMTIW��WS�XLEX�MR�PS[�P]MRK�EVIEW��EW�VEMR�GSRXMRYIW�
XS�JEPP��¾SSHMRK�SJ�SZIV���JIIX�����GIRXMQIXIVW
�GER�HIZIPST�FIGEYWI�HVEMREKI�MW�MRWYJ½GMIRX��8LMW�
amount is enough to cause businesses to close and streets and highways to shut down.

Climate change is projected to cause an increase in the number and intensity of future El 
Niño’s. Thus drought and intense rainstorms can also be expected to increase in Hawai‘i.

���*PIXGLIV��'�,���IX�EP���������0MZMRK�SR�XLI�7LSVIW�SJ�,E[EM³M��9RMZIVWMX]�SJ�,E[EM³M�4VIWW��-7&2������������
��������LXXT���[[[�YLTVIWW�LE[EMM�IHY�T��������������������EWT\� � � �

5 Cai, W., et al., 2014, Increasing frequency of extreme El Niño events due to greenhouse warming. Nature 
'PMQEXI�'LERKI����TT����������� � � �
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6. Summary of Main Climate Features of Hawai’i
Table 3 is a summary of the main climate features in Hawai‘i.

 

Table 3 Main Climate Features

Q  Rain produced by convection and orographic processes

Q Warm and humid days and nights all year in low elevation areas

Q Wetter and drier seasons

Q Cool conditions at high elevations with variable amounts of precipitation  
 depending on orographic effect and trade wind inversion.

Q  Lots of variability in annual amounts of rain with a long-term trend of   
 declining rainfall

Q Lots of variability in wind speed and wind direction

Q )\XVIQI�[IEXLIV�IZIRXW��HVSYKLX��XVSTMGEP�G]GPSRIW��ERH�MRXIRWI�VEMRWXSVQW

Q 7XVSRK�MR¾YIRGI�F]�GPMQEXI�GSRHMXMSRW�ORS[R�EW�)P�2MyS��0E�2MyE�ERH�XLI�� �
� 2SVXL�4EGM½G�,MKL

Q Breezy with trade winds normally blowing east to west

Table 3 The main features of the climate in Hawai‘i.

C. What is happening to the climate on our planet?
3YV�TPERIX�LEW�FIIR�EVSYRH�JSV�E�ZIV]�PSRK�XMQI��QSVI�XLER�JSYV�FMPPMSR�]IEVW��(YVMRK�XLEX�
XMQI��XLI�GPMQEXI�SJ�XLI�TPERIX�LEW�GLERKIH�QER]�XMQIW��7SQIXMQIW��XLI�GPMQEXI�LEW�FIIR�ZIV]�
GSPH��[MXL�PEVKI�EQSYRXW�SJ�MGI�GSZIVMRK�QSWX�SJ�XLI�PERH�ERH�IZIR�PEVKI�TEVXW�SJ�XLI�SGIER��
7SQIXMQIW��XLI�GPMQEXI�LEW�FIIR�ZIV]�[EVQ�[LIR�IZIR�XLI�TSPEV�VIKMSRW�LEH�PMXXPI�SV�RS�MGI�

1. Global Warming Caused by Burning Fossil Fuels 

*SV�XLI�TEWX��������]IEVW��)EVXL´W�GPMQEXI�LEW�FIIR�ZIV]�GSQJSVXEFPI�JSV�TISTPI�ERH�JSV�XLI�
IGSW]WXIQW�[I�ORS[��&YX�RS[��XLI�GPMQEXI�MW�FIKMRRMRK�XS�GLERKI�FIGEYWI�SJ�LYQER�EGXMZMXMIW��
IWTIGMEPP]�FIGEYWI�[I�FYVR�JSWWMP�JYIPW��SMP��GSEP��ERH�REXYVEP�KEW��QEHI�SJ�JSWWMP�TPEROXSR�ERH�
TPERXW��7MRGI�SYV�LYQER�EGXMZMXMIW�EVI�GEYWMRK�XLI�KPSFEP�EMV�XIQTIVEXYVI�XS�FIGSQI�[EVQIV��
this change is often called global warming, and global warming is causing climate change.

;I�YWI�SMP�XS�QEOI�XLI�JYIP�XLEX�TVSZMHIW�XLI�TS[IV�JSV�XVERWTSVXEXMSR��WYGL�EW�KEWSPMRI�
ERH�HMIWIP�JYIP�JSV�GEVW��FSEXW�ERH�XVYGOW��4ISTPI�EPWS�FYVR�JSWWMP�JYIPW�XS�QEOI�IPIGXVMGMX]�
(Figure 11
��;LIR�[I�FYVR�SMP�ERH�GSEP�ERH�REXYVEP�KEW��XLI�FYVRMRK�TVSHYGIW�KEWIW��IWTI-
cially carbon dioxide (CO2 
��XLEX�XVETW�LIEX�MR�XLI�EXQSWTLIVI��3XLIV�LYQER�EGXMZMXMIW�EVI�EPWS�
producing gases that go into the atmosphere and trap heat. These include cutting down forests 
ERH�KVS[MRK�PEVKI�RYQFIVW�SJ�GS[W��GLMGOIRW��ERH�TMKW�JSV�JSSH��8LMW�XVETTMRK�SJ�LIEX�MR�XLI�
atmosphere is causing Earth’s air temperature to get warmer which is changing the climate. 
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There are two special characteristics of carbon dioxide accumulation that are of particular 
GSRGIVR���
�3RGI�GEVFSR�HMS\MHI�MW�VIPIEWIH�MRXS�XLI�EXQSWTLIVI�WMKRM½GERX�EQSYRXW�SJ�MX�[MPP�
stay there for many centuries essentially causing permanent climate change. 2) Humans are re-
leasing so much carbon dioxide so rapidly that it is causing very fast climate change. This means 
that many plant and animal communities will not have enough time to adjust to the changes. 
-R�WSQI�GEWIW��XLMW�[MPP�GEYWI�I\XMRGXMSR��ERH�SRGI�PMZMRK�SVKERMWQW�KS�I\XMRGX��XLI]�RIZIV�GSQI�
FEGO��6IWIEVGLIVW�LEZI�IWXMQEXIH�XLEX�MJ�KPSFEP�[EVQMRK�I\GIIHW����XS���*��EFSYX���'
�EFSZI�
LMWXSVMG�REXYVEP�PIZIPW�����XS���	�SJ�)EVXLW�WTIGMIW�[MPP�FI�EX�MRGVIEWIH�VMWO�SJ�I\XMRGXMSR��

%PXLSYKL�LYQER�GSQQYRMXMIW�QE]�FI�EFPI�XS�EHETX�XS�E�GLERKMRK�GPMQEXI��QER]�IGSW]WXIQW�
will be permanently damaged. This can have negative impacts on human communities because 
[I�HITIRH�SR�REXYVEP�IGSW]WXIQW�JSV�QER]�XLMRKW�MRGPYHMRK�GPIER�[EXIV��JSSH��REXYVEP�QEXIVMEPW�
JSV�GSRWXVYGXMSR��ERH�XLI�ZIV]�S\]KIR�XLEX�[I�FVIEXL�

2. Global Climate Change

The graph of average global air temperature over the past century shows that the global air 
temperature has been increasing (Figure 12). The temperature data are collected from weath-
IV�WXEXMSRW�EVSYRH�XLI�[SVPH��;IEXLIV�WXEXMSRW�GSPPIGX�MRJSVQEXMSR�SR�XLI�GPSYHMRIWW��EMV�XIQ-
TIVEXYVI��VEMRJEPP��[MRH��EMV�TVIWWYVI�ERH�SXLIV�GLEVEGXIVMWXMGW�SJ�XLI�[IEXLIV��&]�GSRXMRYSYWP]�
GSPPIGXMRK�HEXE�SZIV�E�JI[�HIGEHIW��XLIWI�QIEWYVIQIRXW�EPWS�HIWGVMFI�XLI�GPMQEXI��ERH�climate 
variability of a place. 

;IEXLIV�TEXXIVRW�ZEV]�E�PSX�JVSQ�]IEV�XS�]IEV��,S[IZIV��SZIV�EPP�XLI�]IEVW�MR�XLI�KVETL��XLIVI�MW�
a clear trend that Earth’s climate has been getting warmer. Fifteen of the top 16 warmest years 
have occurred since the start of this century. Global temperatures in the last ten years are 
WMKRM½GERXP]�LMKLIV�XLER�XLI]�LEZI�FIIR�JSV�ER]�SXLIV�XIR�]IEV�TIVMSH�ERH�XLI�LSXXIWX�]IEVW�SR�
VIGSVH�EVI������ERH������

3ZIV�XLI�TEWX�����]IEVW��)EVXL´W�XIQTIVEXYVI�LEW�MRGVIEWIH�EFSYX������*�������'
��;LMPI�XLMW�
EQSYRX�QE]�RSX�WIIQ�ZIV]�QYGL�XS�YW��MX�MW�EGXYEPP]�E�PSX�JSV�TPERIX�)EVXL��%�HIGVIEWI�MR�KPSFEP�
temperature of about 10°F (5.6°C) can cause an ice age. In the geologic past when Earth’s av-
IVEKI�XIQTIVEXYVI�[EW����*�LMKLIV��QSWX�SJ�)EVXL´W�MGI�[EW�KSRI�ERH�WIE�PIZIPW�[IVI�����JIIX�
(30 meters) higher.

Figure 11 When we burn fossil fuels (oil, coal and natural gas), cut down forests, and grow many 
animals as a food source, they produce gases (such as carbon dioxide [CO2 ] and methane [CH4]) that 
stay in the atmosphere and trap heat, causing global warming. a) Oil is used to make gasoline and 
diesel fuel to run cars and trucks. b) Oil, coal and natural gas are burned to make electricity.

&DUERQ�'LR[LGH�(PLVVLRQV�IURP�%XUQLQJ�)RVVLO�)XHOV
a. b.
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The higher global temperatures cause many other changes to weather patterns and condi-
XMSRW�SR�XLI�TPERIX��%W�E�VIWYPX��WGMIRXMWXW�XIRH�XS�YWI�XLI�FVSEHIV�XIVQ�±GPMQEXI�GLERKI²�XS�
describe this. Table 3 provides a list of global climate changes that are happening because of 
global warming. 

Table 3 *OREDO�&OLPDWH�&KDQJHV

Q  Air and ocean temperatures are warming.

Q Glaciers everywhere in the world are melting.

Q The oceans are getting more acidic.

Q Sea level is rising.

Q )GSW]WXIQW��FSXL�SR�PERH�ERH�MR�XLI�SGIERW��EVI�QSZMRK�E[E]�JVSQ�GYVVIRX�� ��������� 
 locations toward locations that are not as hot. This is disrupting natural  
� IGSW]WXIQ�TVSGIWWIW�WYGL�EW�WIEWSREP�QMKVEXMSRW��JSSH�[IFW��QEXMRK�� 
� TVIHEXSV�TVI]�VIPEXMSRWLMTW��ERH�SXLIVW��

Q  ;EVQ�WIEWSRW��MRGPYHMRK�HV]�TIVMSHW��EVI�WXEVXMRK�IEVPMIV�ERH�PEWXMRK�PSRKIV�

Q More of the planet is having tropical climate.

Q 6EMR�TEXXIVRW�EVI�GLERKMRK��+IRIVEPP]��[IX�TPEGIW�EVI�KIXXMRK�[IXXIV��¾SSHMRK
� 
 ERH�HV]�TPEGIW�EVI�KIXXMRK�HV]IV��HVSYKLX
��8LMW�MW�GEYWMRK�MRGVIEWIH�¾SSHMRK� 
 and well as more drought.

Q Tropical cyclones are shifting poleward and increasing in intensity.

Q Periods of extreme heat (heat waves) are more frequent and more intense.

Q Global food production and clean water availability are threatened.

Q Human health is threatened by heat-related illness and wider ranges of vector- 
 borne diseases such as dengue fever.

Table 3 Global climate changes resulting from higher air temperatures.

Figure 12 The annual average temperature of the air at Earth’s surface, 1900-2015.

*OREDO�$QQXDO�7HPSHUDWXUH�+LVWRU\
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These and many other observations show that Earth’s climate system is rapidly changing 
because of global warming. Global climate change affects Hawai‘i in many ways. The rest of this 
booklet focuses on the changes that are already happening and the climate changes that are 
projected to happen. We will also discuss what people in Hawai‘i can do to help protect them-
selves from the damaging effects of climate change.

D. What impacts of climate change are happening in Hawai’i?
As shown in Figure 13��XLI�JSYV�QSWX�MQTSVXERX�MQTEGXW��HEQEKIW
�SJ�GPMQEXI�GLERKI�MR�
Hawai‘i are: 

���7IE�0IZIP�6MWI 

Global warming means that air and ocean temperatures are warmer. These higher tempera-
XYVIW�GER�HMVIGXP]�LEVQ�IGSW]WXIQW�ERH�LYQER�GSQQYRMXMIW��*SV�MRWXERGI��[EVQIV�SGIER�
[EXIV�MW�ER�YRLIEPXL]�GSRHMXMSR�JSV�GSVEP�VIIJW�ERH�½WL��-R�EHHMXMSR��XLIWI�LMKLIV�XIQTIVEXYVIW�
are causing one of the most serious climate impacts: WIE�PIZIP�VMWI. 6

Higher ocean temperatures cause the oceans to have a larger volume.7��8LYW��XLI�SGIER�
surface rises. This accounts for about 1/3 of the amount of global sea-level rise today. Higher 

��*SV�QSVI�MRJSVQEXMSR�SR�WIE�PIZIP�VMWI�WII�XLI�4')4�FSSOPIX�±7IE�PIZIP�VMWI�MR�XLI�9�7��%J½PMEXIH�4EGM½G�
-WPERHW²�EX�LXXT���TGIT�TVIP�SVK�VIWSYVGIW�WIE�PIZIP�VMWI�MR�XLI�Y�W�EJ½PMEXIH�TEGM½G�MWPERHW�YWETM�� � � �

7 When something gets warmer, it expands (gets larger) in size. This increase in size happens with solids, 
liquids, and gases.    

Figure 13 Human activities, mainly burning fossil fuels, cutting down forests, and increasing the 
number of animals used for food, are putting more heat-trapping gases, especially carbon dioxide (CO2 ) 
and methane (CH4 ), into the atmosphere. These activities are causing global warming. The five major 
impacts of climate change in Hawai‘i are shown with a graphic image next to each one.

Burning Fossil Fuels

More CO2 in
Atmosphere

More
CO2 in
Ocean

Higher Air and
Ocean Temperatures

(global warming)

Ocean
Acidi!cation

Changing
Rain Patterns

Sea Level
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Increasing exposure
to tropical cyclones

Q    Changing rain patterns
Q����3GIER�EGMHM½GEXMSR

Q    Higher air and ocean temperatures
Q    Sea-level rise
Q    Increasing exposure to tropical cyclones
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EMV�XIQTIVEXYVIW�EPWS�GEYWI�QSYRXEMR�KPEGMIVW�XS�QIPX��ERH�XLMW�[EXIV�¾S[W�MRXS�XLI�SGIER�
(accounting for another 1/3 of global sea-level rise). The last 1/3 of global sea-level rise comes 
from melting ice on Greenland (Figure 14) and Antarctica. As a result of warming seawater 
ERH�QIPXMRK�MGI��SGIERW�LEZI�E�LMKLIV�ZSPYQI��ERH�WIE�PIZIPW�EVSYRH�XLI�[SVPH�EVI�VMWMRK�ERH�
¾SSHMRK�GSEWXEP�EVIEW�

Sea level has risen over the last century on each island in Hawai’i at rates varying from 0.5-1.3 
inches (1.5-3.3 centimeters) per decade8. Accelerating rates of sea-level rise have been de-
XIGXIH�MR�KPSFEP�WIE�PIZIP�HEXE��6EXIW�SJ�VMWI�EVI�TVSNIGXIH�XS�GSRXMRYI�XS�EGGIPIVEXI��VIWYPXMRK�
MR�E�����JSSX��������QIXIV
�VMWI��SV�QSVI��F]�XLI�IRH�SJ�XLI�GIRXYV]��7SQI�WXYHMIW�MRHMGEXI�XLEX�
if we continue to emit greenhouse gases into the atmosphere at the same rate that we have 
FIIR�JSV�XLI�TEWX�JI[�HIGEHIW��XLI�;IWX�%RXEVGXMG�-GI�7LIIX�QE]�GSPPETWI�ERH�WIE�PIZIP�QMKLX�
rise twice as much as currently projected. 

Sea-level rise will cause the ocean to come over the land more often and with more strength. 
8LMW�GSEWXEP�MRYRHEXMSR�[MPP�GEYWI�QSVI�IVSWMSR��PIEHMRK�XS�XLI�HIKVEHEXMSR�SJ�GSEWXEP�IGSW]W-
XIQW��FIEGL�PSWW��ERH�MRGVIEWMRK�HEQEKI�XS�MRJVEWXVYGXYVI�MR�PS[�P]MRK�EVIEW�

(YVMRK�LIEZ]�VEMRWXSVQW��LMKL�WIE�PIZIP�XLEX�¾SSHW�HVEMREKI�W]WXIQW�ERH�VEMWIW�XLI�KVSYRH[E-
XIV�XEFPI�GER�TVIZIRX�XLI�VEMR�JVSQ�HVEMRMRK�SJJ�XLI�PERH��GEYWMRK�IZIR�QSVI�¾SSHMRK��7IE�PIZIP�
VMWI�MW�SRI�SJ�XLI�QSWX�HEQEKMRK�MQTEGXW�SJ�GPMQEXI�GLERKI��IWTIGMEPP]�JSV�MWPERH�GSQQYRMXMIW�

�� 'PMQEXI�'LERKI�-QTEGXW�MR�,E[EM³M��������9RMZIVWMX]�SJ�,E[EM³M�EX�1EâRSE��7IE�+VERX�'SPPIKI�4VSKVEQ��LXXT���
seagrant.soest.hawaii.edu/CCIH   

Figure 14 This sequence of images records the melting of ice on Greenland from 2004 (top left) to 2013 
(bottom right). Darker colors indicate net lowering of the surface elevation of the ice sheet as a result of 
melting over the 10-year period; darkest red is elevation loss of 9.8 ft (3 m). The greatest melting of ice 
occurred over southeastern Greenland.

Greenland Annual Melting



20
Copyright  2016 PREL

Climate Change in Hawai’i

20

2. Changing Rain Patterns 

The amount of rainfall that Hawai‘i receives has been declining over the past century and the 
rate of decline has increased in the past 30 years. Fresh water delivered by rain is essential to life 
MR�XLI�MWPERHW��;I�YWI�MX�XS�MVVMKEXI�EKVMGYPXYVI��MR�QERYJEGXYVMRK��JSV�HEMP]�LSYWILSPH�EGXMZMXMIW��MR�
FYWMRIWWIW�XLVSYKLSYX�XLI�WXEXI��ERH�SJ�GSYVWI�JSV�HVMROMRK��%�HIGVIEWI�MR�VEMRJEPP�GSYPH�VIHYGI�
KVSYRH[EXIV�EUYMJIV�VIGLEVKI�ERH�JVIWL[EXIV�WYTTPMIW��RIKEXMZIP]�MR¾YIRGI�EKVMGYPXYVI�EW�[IPP�EW�
IGSW]WXIQW�MR�VMZIVW�ERH�WXVIEQW��ERH�XLVIEXIR�TPERX�ERH�ERMQEP�GSQQYRMXMIW�MR�SYV�[EXIVWLIHW�9

Several types of observations have been recorded with regard to rain patterns among Hawaiian 
watersheds. Rainfall has become less intense for some locations on the islands of O‘ahu and 
/EYE³M��FYX�LEW�MRGVIEWIH�MR�MRXIRWMX]�MR�XLI�IEWXIVR�VIKMSRW�SJ�XLI�MWPERH�SJ�,E[EM³M��,SRSPYPY�
I\TIVMIRGIH�MRXIRWI�VEMRWXSVQW��PIEHMRK�XS�¾EWL�¾SSHW��HYVMRK�XLI�)P�2MyS�XLEX�SGGYVVIH�MR�
2015. The probability of intense rainstorms rises during El Nino years. The island of Hawai‘i has 
experienced longer periods of drought with an increasing trend in the annual length of dry 
periods from 1980-2011 when compared to the period 1950-1970. Instrument records that 
QSRMXSV�XLI�EQSYRX�SJ�[EXIV�¾S[MRK�MR�WXVIEQW�XLVSYKLSYX�XLI�WXEXI�WLS[�E�HIGVIEWI�MR�XLI�
EQSYRX�SJ�KVSYRH[EXIV�XLEX�GSRXVMFYXIW�XS�WXVIEQ�¾S[��8LMW�HIGPMRI�MR�WXVIEQ�¾S[�VERKIW�
from 20 to 70 percent depending on watershed. 

,S[�[MPP�XLIWI�XVIRHW�TPE]�SYX�MR�JYXYVI�]IEVW#�'PMQEXI�GLERKI��REXYVEP�ZEVMEFMPMX]��GSQTPI\�
XSTSKVETL]��GLERKMRK�PERH�YWI��ERH�SXLIV�JEGXSVW�QEOI�MX�ZIV]�HMJ½GYPX�XS�HI½RMXMZIP]�TVSNIGX�
JYXYVI�VEMRJEPP�TEXXIVRW�MR�,E[EM³M��7SQI�VIKMSRW�GSYPH�I\TIVMIRGI�KVIEXIV�HVSYKLX��[LMPI�SXLIV�
VIKMSRW�GSYPH�I\TIVMIRGI�YRTVIGIHIRXIH�¾SSHMRK��Figure 15). Climate models suggest that 
,E[EM³M�MW�TVSNIGXIH�XS�I\TIVMIRGI�SZIVEPP�HV]MRK��HIGVIEWIH�[MRXIV�VEMR�MR�HV]�EVIEW��ERH�E�
longer and drier dry season. It is important for governments and communities to be prepared 
JSV�HIGPMRMRK�VEMRJEPP��MRGVIEWMRK�HVSYKLX��ERH�MRGVIEWMRK�VEMR�MRXIRWMX]�MR�WSQI�PSGEXMSRW��8LIWI�
ZEVMSYW�TEXXIVRW�EVI�RSX�QYXYEPP]�I\GPYWMZI��*SV�MRWXERGI��MJ�VEMRW�FIGSQI�QSVI�MRXIRWI�MR�WSQI�
PSGEXMSRW�HYVMRK�)P�2MyS�]IEVW��XLI�TSWWMFMPMX]�SJ�HEQEKMRK�¾SSHW�MRGVIEWIW��&YX�MR�XLI�WEQI�]IEV��
the period of drought may become longer and dryer.

��'PMQEXI�'LERKI�-QTEGXW�MR�,E[EM³M��������9RMZIVWMX]�SJ�,E[EM³M�EX�1EâRSE��7IE�+VERX�'SPPIKI�4VSKVEQ��LXXT���
seagrant.soest.hawaii.edu/CCIH    

Figure 15 Flash flooding occurred in downtown Honolulu during 
the El Niño of 2015.

)ORRGLQJ�LQ�+RQROXOX
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3. Increasing Exposure to Tropical Cyclones 

Global warming is increasing Hawai’i’s exposure to tropical cyclones (Figure 16). One study10 
predicts that there will be more frequent tropical cyclones in the waters near Hawai‘i. This is 
RSX�RIGIWWEVMP]�FIGEYWI�XLIVI�[MPP�FI�QSVI�WXSVQW�JSVQMRK�MR�XLI�IEWX�4EGM½G��VEXLIV��MX�MW�TVS-
NIGXIH�XLEX�WXSVQW�[MPP�JSPPS[�RI[�XVEGOW��WLMJXIH�E[E]�JVSQ�XLI�IUYEXSV��XLEX�FVMRK�XLIQ�MRXS�
Hawaiian waters more often. 

Another study11�HSGYQIRXW�E�WLMJX�MR�XLI�^SRI�SJ�QE\MQYQ�[MRH�MRXIRWMX]�XS[EVH�XLI�TSPIW��
E[E]�JVSQ�XLI�IUYEXSV��8LMW�MW�[SVVMWSQI�EW��LMWXSVMGEPP]��QSWX�XVSTMGEP�G]GPSRIW�MR�SYV�VIKMSR�
TEWW�XS�XLI�WSYXL�SJ�,E[EM³M��8LYW��MJ�XLI�^SRI�SJ�QE\MQYQ�[MRH�MRXIRWMX]�WLMJXW�E[E]�JVSQ�XLI�
IUYEXSV��XLIWI�WXSVQW�QE]�JSPPS[�RI[�XVEGOW�XLEX�EVI�WLMJXIH�XS�XLI�RSVXL��ERH�EVI�XLIVIF]�
more likely to impact Hawai‘i.

In yet another study12��GSQTYXIV�QSHIPW�TVSNIGX�XLEX�E�[EVQIV�[SVPH�[MPP�WII�QSVI�JVIUYIRX��
and more intense El Niño’s.  El Niño years are characterized by higher numbers of tropical 
G]GPSRIW�MR�XLI�2SVXL�'IRXVEP�4EGM½G�[LIVI�,E[EM³M�MW�PSGEXIH��*SV�MRWXERGI��MR�XLI�)P�2MyS�
SJ�������XLIVI�[IVI����XVSTMGEP�G]GPSRIW�MR�XLI�VIKMSR��E�VIGSVH�FVIEOMRK�RYQFIV��;MXL�XLIWI�

10 Murakami, H., Wang, B., Li, T., and Kitoh, A., 2013, Projected increase in tropical cyclones near Hawai‘i. 
2EXYVI�'PMQEXI�'LERKI��Z�����%YKYWX��TT����������� � �

11 Kossin, J.P., Emanuel, K.A., and Vecchi, G.A., 2014, The poleward migration of the location of tropical cyclone 
QE\MQYQ�MRXIRWMX]��2EXYVI��Z�������1E]��TT����������� � �

12 Cai, W. et al. (2015) Increasing frequency of extreme El Niño events due to greenhouse warming. Nature 
Climate Change 4, 111–116 (2014) doi:10.1038/nclimate2100   

Figure 16 Hurricane Iniki was the most powerful hurricane to strike Hawaii in recorded history. With 
winds of 145 miles per hour (233 km/hr) it made landfall on September 11, 1992. Iniki caused about  
$1.8 billion in damage and 6 deaths.

+XUULFDQH�,QNL�'DPDJH



22
Copyright  2016 PREL

Climate Change in Hawai’i

22

WXSVQW�JSPPS[MRK�RI[�XVEGOW�XLEX�EVI�GPSWIV�XS�XLI�,E[EMMER�MWPERHW��ERH�[MXL�MRGVIEWMRK�RYQ-
FIVW�SJ�WXSVQW�HYVMRK�)P�2MyS�]IEVW��[LMGL�EVI�KSMRK�XS�SGGYV�QSVI�JVIUYIRXP]
��,E[EM³M�MW�
experiencing increased exposure to tropical cyclones.

4. Higher Air and Ocean Temperatures 

The global average surface temperature in 2015 was the warmest on record and reached 
�����*�������'
�EFSZI�XLI�TVI�MRHYWXVMEP�IVE��8LMW�[EW���	�LSXXIV�XLER�XLI�RI\X�LSXXIWX�]IEV�
and was due to a combination of a strong El Niño and human-induced global warming. The 
]IEVW�����������LEZI�FIIR�XLI�[EVQIWX�½ZI�]IEV�TIVMSH�SR�VIGSVH��[MXL�QER]�I\XVIQI�
[IEXLIV�IZIRXW�¯�IWTIGMEPP]�LIEX�[EZIW�¯�MR¾YIRGIH�F]�GPMQEXI�GLERKI�

The rate of warming air temperature in Hawai‘i has dramatically increased in recent decades. 
'YVVIRXP]��XLI�EMV�MW�[EVQMRK�EX�����*�������'
�TIV�HIGEHI��JSYV�XMQIW�JEWXIV�XLER�LEPJ�E�GIRXYV]�
ago. This can lead to heat waves��I\TERHIH�VERKIW�JSV�TEXLSKIRW�ERH�MRZEWMZI�WTIGMIW��XLIVQEP�
WXVIWW�JSV�XLI�REXYVEP�¾SVE�ERH�JEYRE�SJ�XLI�MWPERHW��MRGVIEWIH�HIQERHW�JSV�IPIGXVMGMX]��MRGVIEWIH�
[MPH½VIW��ERH�TSXIRXMEP�XLVIEXW�XS�LYQER�LIEPXL�

+PSFEPP]��XLI�SGIERW�LEZI�FIIR�EFWSVFMRK�QSVI�XLER���	�SJ�XLI�I\XVE�IRIVK]�XLEX�LEW�EGGY-
mulated MR�XLI�GPMQEXI�W]WXIQ�JVSQ�LYQER�IQMWWMSRW�SJ�KVIIRLSYWI�KEWIW��VIWYPXMRK�MR�LMKLIV�
[EXIV�XIQTIVEXYVIW�ERH�WIE�PIZIPW��7IE�WYVJEGI�XIQTIVEXYVIW�LEZI�[EVQIH������XS������*�
�����������'
�TIV�HIGEHI�MR�XLI�4EGM½G�JSV�XLI�PEWX����]IEVW�13�8SHE]��XLI�SGIERW�EFWSVF�LIEX�EX�
twice the rate they did two decades ago.����3GIER�[EVQMRK�MW�EGGIPIVEXMRK��ERH�QE]�MRGVIEWI�
ERSXLIV�����XS�����*����������'
�FIJSVI�XLI�IRH�SJ�XLI�GIRXYV]��;EVQMRK�WIE�WYVJEGI�XIQTIVE-
XYVIW�GER�MR¾YIRGI�SGIER�GMVGYPEXMSR��RYXVMIRX�HMWXVMFYXMSR��XLI�XIRHIRG]�JSV�GSVEP�GSQQYRMXMIW�
XS�I\TIVMIRGI�FPIEGLMRK��ERH�XLI�REXYVI�SJ�TVIHEXSV�TVI]�VIPEXMSRWLMTW�MR�XLI�QEVMRI�JSSH�GLEMR��
Warming sea surface temperatures will also intensify weather patterns in Hawai’i. The potential 
JSV�QEVMRI�IGSW]WXIQ�HMWVYTXMSR�MW�WMKRM½GERX��

���3GIER�%GMHM½GEXMSR 

3GIER�EGMHM½GEXMSR (Figure 17) is another major impact caused by higher carbon dioxide 
(CO2 
�PIZIPW��;LIR�GEVFSR�HMS\MHI�HMWWSPZIW�MR�XLI�SGIER��MX�JSVQW�E�[IEO�EGMH��%W�I\GIWW�
GEVFSR�HMS\MHI�MR�XLI�EXQSWTLIVI�HMWWSPZIW�MR�XLI�SGIER��MX�GLERKIW�XLI�EGMH�FEWI�GLIQMWXV]�
SJ�XLI�SGIER�ERH�GEYWIW�WIE[EXIV�XS�FIGSQI�QSVI�EGMHMG��T,�MW�XLI�WGMIRXM½G�QIEWYVI�SJ�XLI�
EGMH�FEWI�GSRHMXMSR��%�PS[IV�T,�ZEPYI�MRHMGEXIW�QSVI�EGMHMG�GSRHMXMSRW��8LIVIJSVI��XLI�WMKREXYVI�
SJ�SGIER�EGMHM½GEXMSR�MW�E�WXIEHMP]�HIGVIEWMRK�T,�ZEPYI��8LI�TVSNIGXIH�XSXEP�GLERKI�MR�T,�WLS[R�
in Figure 17 would represent about a doubling of the ocean’s acidity. 

����%YWXVEPMER�&YVIEY�SJ�1IXISVSPSK]�ERH�'7-63��������'PMQEXI�'LERKI�MR�XLI�4EGM½G��7GM��%WWIWWQIRX�ERH�
New Research. V1: Reg. Overview. V2: Country Reports. http://www.cawcr.gov.au/projects/PCCSP/    

14  Glecker, P.J., et al. (2016) Industrial era global ocean heat uptake doubles in recent decades. Nature Climate 
change. doi:10.1038/nclimate2915  
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%R�IWXMQEXIH����XS���	�SJ�XLI�GEVFSR�HMS\MHI�JVSQ�LYQER�EGXMZMX]�VIPIEWIH�MRXS�XLI�EXQS-
WTLIVI�HMWWSPZIW�MRXS�SGIERW��WXVIEQW��ERH�PEOIW��3GIER�EGMHM½GEXMSR�MW�GSRWMHIVIH�ER�MQTEGX�
of climate change because it is caused by the same increase in carbon dioxide that causes 
XLI�SXLIV�GPMQEXI�GLERKI�MQTEGXW��3GIER�EGMHM½GEXMSR�LEVQW�QER]�SJ�XLI�WEQI�QEVMRI�IGS-
W]WXIQW��IWTIGMEPP]�GSVEP�VIIJW��TPEROXSR��ERH�WLIPP½WL�XLEX�EVI�EHHMXMSREPP]�LEVQIH�F]�LMKLIV�
ocean temperatures.

1ER]�GLIQMGEP�VIEGXMSRW��MRGPYHMRK�XLSWI�XLEX�EVI�IWWIRXMEP�JSV�PMJI��EVI�WIRWMXMZI�XS�WQEPP�GLERKIW�
MR�T,��-R�LYQERW��JSV�I\EQTPI��RSVQEP�FPSSH�T,�VERKIW�FIX[IIR������ERH�������%�HVST�MR�
FPSSH�T,�SJ���������GER�GEYWI�WIM^YVIW��GSQEW��ERH�IZIR�HIEXL��7MQMPEVP]��E�WQEPP�GLERKI�MR�XLI�
T,�SJ�WIE[EXIV�GER�LEZI�LEVQJYP�IJJIGXW�SR�QEVMRI�PMJI��MQTEGXMRK�JSSH�[IFW��GLIQMGEP�GSQQY-
RMGEXMSR��VITVSHYGXMSR��ERH�KVS[XL�

7S�JEV��SGIER�T,�LEW�HVSTTIH�JVSQ�����XS�����WMRGI�XLI�MRHYWXVMEP�VIZSPYXMSR��ERH�MW�I\TIGXIH�
F]�JEPP�ERSXLIV�����XS�����T,�YRMXW�F]�XLI�IRH�SJ�XLI�GIRXYV]��-J�[I�GSRXMRYI�XS�EHH�GEVFSR�HM-
S\MHI�EX�GYVVIRX�VEXIW��WIE[EXIV�T,�QE]�HVST�ERSXLIV����	�F]�XLI�IRH�SJ�XLMW�GIRXYV]��XS�����
SV������GVIEXMRK�ER�SGIER�QSVI�EGMHMG�XLER�ER]�WIIR�JSV�XLI�TEWX����QMPPMSR�]IEVW�SV�QSVI�

The building of skeletons in marine creatures is particularly sensitive to acidity. Marine creatures 
WYGL�EW�TPEROXSR��GSVEPW��QSPPYWOW��½WL��ERH�SXLIVW�FYMPH�XLIMV�WOIPIXSRW�SYX�SJ�GEPGMYQ�GEVFSREXI�
(CaCO3
��[LMGL�MW�LMKLP]�ZYPRIVEFPI�XS�EGMHMG�GSRHMXMSRW��0S[IV�T,�QEOIW�FYMPHMRK�WOIPIXSRW�
QSVI�HMJ½GYPX�ERH�QE]�IZIR�GEYWI�GEPGMYQ�GEVFSREXI�XS�HMWWSPZI�MR�WIE[EXIV��1ER]�X]TIW�SJ�
MQTSVXERX�QEVMRI�SVKERMWQW�EVI�XLVIEXIRIH�F]�PS[IV�T,��QYWWIPW��GPEQW��YVGLMRW��WXEV½WL��GSVEP��
^SSTPEROXSR��WYGL�EW�TXIVSTSHW�ERH�JSVEQMRMJIVE
��GSVEPPMRI�EPKEI��½WL��½WL�HIZIPST�E�TSXIR-
XMEPP]�JEXEP�FPSSH�GSRHMXMSR�GEPPIH�EGMHSWMW
��ERH�SXLIVW��%�QENSV�JIEV�EQSRK�WGMIRXMWXW�MW�XLEX�
disruptions to plankton and krill (a tiny crustacean) will ripple throughout the marine food 
GLEMR��MRGPYHMRK�[LEPIW��WIEPW��TIRKYMRW��ERH�SXLIVW
�ERH�LEZI�JEV�VIEGLMRK�ERH�WIVMSYW�RIKEXMZI�
impacts to the entire ocean biosphere.

6. El Niño
%R�)P�2MyS�]IEV�MW�HMJJIVIRX�XLER�E�GEPIRHEV�]IEV��8]TMGEPP]��ER�)P�2MyS�]IEV�FIKMRW�MR�XLI�WYQQIV��
TIEOW�MR�XLI�[MRXIV��ERH�IRHW�XLI�JSPPS[MRK�WYQQIV��7SQI�)P�2MyS´W�EVI�YRYWYEPP]�WXVSRK�WYGL�
as the ones that occurred in 1998/1999 and 2015/2016. Others are more moderate such as 

Figure 17 CO2 mixes with seawater to form 
carbonic acid, making the oceans more 
acidic, which threatens marine ecosystems, 
food supply, and the economies of coastal 
communities.  Dissolved carbon dioxide has 
been increasing and pH has been falling 
(solid lines). The dotted lines represent pro-
jections of future effects based on continu-
ing current greenhouse gas emissions.
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MR�����������ERH������������8LIVI�EVI�EPWS�[IEO�)P�2MyS´W��[LMGL�[I�I\TIVMIRGIH�MR�
����������������������ERH������������'PMQEXI�WGMIRXMWXW�TVIHMGX�XLEX�FIGEYWI�SJ�GPMQEXI�
GLERKI��WXVSRK�)P�2MySW�QE]�SGGYV�[MXL�KVIEXIV�JVIUYIRG]��8LMW�GSYPH�TSXIRXMEPP]�LEZI�MQTSV-
tant implications for Hawai‘i.

The effects of these different types of El Niño’s can be quite noticeable in Hawai‘i and may 
LEZI�E�GPIEV�MQTEGX�SR�SYV�[IEXLIV�ERH�SGIER�GSRHMXMSRW��+IRIVEPP]�WTIEOMRK��[LIR�E�TS[IV-
JYP�)P�2MyS�HIZIPSTW��WYGL�EW�MR�����������ERH����������
��WIZIR�X]TIW�SJ�IZIRXW�QE]�SGGYV�
MR�,E[EM³M�XLEX�LEZI�WMKRM½GERX�MQTEGXW�SR�PSGEP�IGSW]WXIQW�ERH�LYQER�GSQQYRMXMIW��8LIWI�
WIZIR�EVI��LIEX�[EZIW��I\XVIQI�VEMRJEPP��JEMPYVI�SJ�XLI�XVEHI�[MRHW��ER�EGXMZI�LYVVMGERI�WIEWSR��
PEVKI�[EZIW�JVSQ�XLI�RSVXL��HVSYKLX��ERH�LMKL�WIE�WYVJEGI�XIQTIVEXYVIW�XLEX�GER�TVSHYGI�GSVEP�
bleaching.

Because climate scientists predict that as the atmosphere warms strong El Niño’s are going to 
SGGYV�QSVI�JVIUYIRXP]�ERH�[MXL�KVIEXIV�WXVIRKXL��,E[EM³M�QE]�I\TIGX�XS�WII�XLIWI�WIZIR�X]TIW�
of events more often in the future. Each of these has particular characteristics that require that 
human communities take steps to adapt to the changing conditions. 

i. Heat Waves

;SVPH[MHI��VIGSVH�LSX�HE]W�RS[�SYXRYQFIV�VIGSVH�GSPH�HE]W�F]�E�JEGXSV�SJ����XS����8LIWI�
GSRHMXMSRW�WIX�XLI�WXEKI�JSV�LIEX�[EZIW��ERH�WGMIRXMWXW�LEZI�TVIHMGXIH�XLEX�F]�QMH�GIRXYV]�
I\XVIQIP]�LMKL�XIQTIVEXYVIW�SFWIVZIH�SRGI�MR����]VW�[MPP�SGGYV�IZIV]���XS���]VW��8LI�XVIRH�SJ�
increasing heat waves is more pronounced in Hawai‘i during the summer months at the begin-
ning of a strong El Niño. 

-R�������XLI�EZIVEKI�XIQTIVEXYVI�EX�XLI�,SRSPYPY�%MVTSVX�[EW�����*�EFSZI�RSVQEP��ERH�XLIVI�
[IVI����VIGSVH�WIXXMRK�[EVQ�HE]W�]IX�SRP]���VIGSVH�WIXXMRK�GSPH�HE]W��,SX�WYQQIV�HE]W�KIR-
erally peak in the period August – October and can lead to sweltering heat that drives people 
to run their air conditioning at home all night long. This puts unusual stress on the ability of util-
MX]�GSQTERMIW�XS�WYTTP]�IRSYKL�IPIGXVMGMX]�XS�QIIX�XLI�LMKL�HIQERH��ERH�MR������ERH������XLI�
Hawaiian Electric Company issued public warnings requesting homeowners to turn off their air 
conditioning at night. 

8LMW�I\GIWWMZI�HIQERH�JSV�IPIGXVMGMX]�GER�PIEH�XS�E�FPEGOSYX��E�HERKIVSYW�WMXYEXMSR�[LIVI�
there is no electricity available. These are exactly the conditions that have unfortunately caused 
fatalities in other urban areas around the world during a heat wave. It has been estimated that 
QSVI�XLER���������TISTPI�LEZI�HMIH�MR�LIEX�[EZIW�WMRGI�������8LI�ZIV]�SPH��XLI�ZIV]�]SYRK��
ERH�XLSWI�[LS�EVI�MPP��EVI�LMKLP]�ZYPRIVEFPI�XS�LIEX�VIPEXIH�WXVIWW�ERH�HYVMRK�E�FPEGOSYX�XLI�PEGO�
SJ�EMV�GSRHMXMSRMRK�MR�XEPP�FYMPHMRKW��LSWTMXEPW��WGLSSPW��ERH�SXLIV�WYGL�PSGEXMSRW��EW�[IPP�EW�XLI�PEGO�
SJ�IPIGXVMGMX]�JSV�XLI�TSPMGI�ERH�½VI�HITEVXQIRXW��GER�TVSHYGI�TSXIRXMEPP]�HIEHP]�WMXYEXMSRW�� 
,E[EM³M�WLSYPH�TPER�JSV�XLIWI�GSRHMXMSRW��EW�MR�E�[EVQIV�[SVPH��[MXL�WXVSRKIV�)P�2MySW��LIEX�
waves are increasingly likely to occur.
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ii. Extreme Rainfall

;SVPH[MHI��XLI�MRGMHIRGI�SJ�I\XVIQI�VEMRJEPP�LEW�MRGVIEWIH���	��8LI�)P�2MyS�SJ�����������
FVSYKLX����HE]W�SJ�VIGSVH�WIXXMRK�VEMRJEPP�XS�,SRSPYPY�GEYWMRK�¾EWL�¾SSHW��MQTEWWEFPI�VSEHW��
and shuttered businesses in many neighborhoods. According to the National Oceanographic 
ERH�%XQSWTLIVMG�%HQMRMWXVEXMSR��MR�%YKYWX�������XLI�,SRSPYPY�%MVTSVX´W�QSRXLP]�XSXEP�SJ������
MRGLIW��������GQ
�SJ�VEMR�[EW�����	�SJ�EZIVEKI�VEMRJEPP�ERH�QSVI�XLER�HSYFPI�XLI�TVIZMSYW�
%YKYWX�VIGSVH�SJ������MRGLIW������GQ
�WIX�MR�������-RXIRWI�VEMRJEPP�MR�PS[�P]MRK�GSQQYRMXMIW�MW�
IWTIGMEPP]�HERKIVSYW��(VEQEXMG�¾SSHMRK��WXEPPIH�XVEJ½G��ERH�HEQEKIH�FYMPHMRKW��GER�QEOI�IRXMVI�
RIMKLFSVLSSHW�MREGGIWWMFPI��TSXIRXMEPP]�MWSPEXMRK�XLI�]SYRK��IPHIVP]��ERH�MPP�JVSQ�GEVIKMZIVW��QIHM-
GEP�WYTTPMIW��JSSH��ERH�[EXIV��

1ER]�,E[EM³M�GSQQYRMXMIW��MRGPYHMRK�QYGL�SJ�,SRSPYPY��WMX�EX�PS[�IPIZEXMSR�EPSRK�XLI�WLSVIPMRI��
2SVQEPP]��VEMRJEPP�HSIW�RSX�EGGYQYPEXI�ERH�GEYWI�¾SSHMRK�FIGEYWI�E�W]WXIQ�SJ�HVEMREKI�TMTIW�
HMZIVXW�XLI�VYRSJJ�MRXS�XLI�SGIER��,S[IZIV��,E[EM³M�LEW�I\TIVMIRGIH�WPS[P]�VMWMRK�WIE�PIZIP�JSV�
EX�PIEWX�XLI�TEWX�GIRXYV]�ERH�WIE[EXIV�MW�RS[�¾SSHMRK�YT�MRXS�XLIWI�TMTIW�ERH�FPSGOMRK�XLI�
VEMR[EXIV�JVSQ�KSMRK�MRXS�XLI�SGIER��8LMW�TVSFPIQ�MW�IWTIGMEPP]�FEH�EX�LMKL�XMHI��[LMGL�SGGYVW�
X[MGI�IEGL�HE]��;LIR�LIEZ]�VEMRJEPP�SGGYVW��XLIVI�MW�PMXXPI�SV�RS�HVEMREKI�YRHIV�XLIWI�GSRHMXMSRW�
ERH�¾EWL�¾SSHW�HIZIPST��;MXL�QSVI�TS[IVJYP�)P�2MyS´W�I\TIGXIH�MR�XLI�JYXYVI��ERH�GSRXMRYMRK�
WIE�PIZIP�VMWI�FPSGOMRK�XLI�HVEMREKI�W]WXIQ��¾SSHMRK�WYGL�EW�XLMW�QE]�[SVWIR�MR�XLI�JYXYVI�

iii. Failure of Trade Winds

7XVSRK�)P�2MyS�]IEVW�EVI�GLEVEGXIVM^IH�F]�E�KIRIVEP�JEMPYVI�SJ�XLI�XVEHI�[MRHW�MR�XLI�WYQQIV��
JEPP��ERH�[MRXIV�TIVMSH��3R�LSX�HE]W�XLMW�GER�TVSQSXI�LIEX�[EZI�GSRHMXMSRW��3ZIVEPP��FIGEYWI�
XLI�XVEHI�[MRHW�TVSZMHI�E�GVMXMGEP�GSQTSRIRX�SJ�SYV�VEMR��E�PEGO�SJ�XVEHI�[MRHW�TVSQSXIW�
HVSYKLX�ERH�HV]MRK�XLEX�WXVIWWIW�IGSW]WXIQW��HEQEKIW�EKVMGYPXYVI��ERH�GER�XLVIEXIR�SYV�JVIWL-
water supplies.

iv. Active Hurricane Seasons

There is a positive correlation between years with active hurricane seasons and strong El 
2MyS´W��-R�������XLI�2SVXL�'IRXVEP�4EGM½G��XLI�VIKMSR�[LIVI�,E[EM³M�MW�PSGEXIH��LEH����XVSTMGEP�
G]GPSRIW��-R�E�X]TMGEP�]IEV�XLI�EZIVEKI�MW�SRP]���XS����ERH�XLI�TVIZMSYW�VIGSVH�LMKL�[EW�MR������
ERH������[LIR�XLIVI�[IVI����WXSVQW�MR�FSXL�]IEVW��

Global warming is causing certain changes to hurricanes. Hurricanes are becoming more 
ZMSPIRX��8LI]�EVI�PEVKIV��[MXL�LMKLIV�[MRH�WTIIHW��ERH�XLI]�TVSHYGI�QSVI�VEMRJEPP��6IWIEVGL�
LEW�WLS[R�XLEX��[SVPH[MHI��XLI�VIKMSR�SJ�QE\MQYQ�[MRHW�EWWSGMEXIH�[MXL�XVSTMGEP�G]GPSRIW�MW�
shifting toward the poles. This is alarming news for Hawai‘i since these storms have historically 
TEWWIH�XS�XLI�WSYXL�SJ�,E[EM³M��7LSYPH�XLI]�QMKVEXI�XS�XLI�RSVXL��XLI�,E[EMMER�-WPERHW�EVI�PMOIP]�
XS�I\TIVMIRGI�MRGVIEWIH�I\TSWYVI�XS�XLIMV�HIZEWXEXMRK�GSRWIUYIRGIW��IWTIGMEPP]�EW�XLI]�EVI�EW-
sociated with strong El Niño years. 
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v. Large Winter Waves

Every winter Hawai‘i is exposed to large ocean waves that approach from the north and 
RSVXL[IWX��8LIWI�EVI�TVSHYGIH�F]�WXSVQW�MR�XLI�2SVXL�4EGM½G�3GIER�XLEX�WXMV�XLI�[EXIV�ERH�
send these large waves in all directions. During strong El Niño years these storms are more 
powerful than usual and thus the waves they produce are typically the highest on record. These 
[EZIW�GEYWI�EPP�OMRHW�SJ�HEQEKI�XS�XLI�WLSVIPMRIW�XLI]�LMX��8LI]�IVSHI�GSEWXPMRIW�ERH�FIEGLIW��
YRHIVQMRI�VSEHW�ERH�WIE[EPPW��¾SSH�LSQIW�ERH�FYMPHMRKW��ERH�WREVP�XVEJ½G�SR�REVVS[�VSEHW�
[LIR�XLI]�VYR�YT�SRXS�XLI�TEZIQIRX�ERH�FPSGO�XVEJ½G��8LIWI�[EZIW�[MPP�GEYWI�MRGVIEWMRK�
amounts of damage and mayhem as sea level continues to rise throughout the 21st century. 
Coastal landowners and public agencies should prepare for these problems to grow worse in 
XMQI��ERH�XS�FI�IWTIGMEPP]�TVSRSYRGIH�HYVMRK�)P�2MyS�]IEVW�

vi. Drought

(VSYKLX�MW�E�GLVSRMG�ERH�XVSYFPIWSQI�TVSFPIQ�MR�,E[EM³M��EX�SRI�XMQI�SV�ERSXLIV�EJJIGXMRK�
ZMVXYEPP]�IZIV]�TEVX�SJ�XLI�WXEXI���(VSYKLX�VIHYGIW�GVST�]MIPHW��HMQMRMWLIW�PMZIWXSGO�LIVHW��HIWMG-
GEXIW�WXVIEQW��MVVMKEXMSR�HMXGLIW�ERH�VIWIVZSMVW��HITPIXIW�KVSYRH[EXIV�WYTTPMIW��ERH�PIEHW�XS�
JSVIWX�ERH�FVYWL�½VIW��(VSYKLX�XIRHW�XS�[SVWIR�HYVMRK�)P�2MyS�]IEVW�

%VSYRH�XLI�[SVPH��[EVQIV�EMV�XIQTIVEXYVIW�LEZI�MRGVIEWIH�HVSYKLX�F]���	��-R�,E[EM³M��VEMRJEPP�
has been decreasing for the past century and the rate of decrease has accelerated in the past 
���]IEVW��2S[��WXEXI[MHI��HEXE�MRHMGEXI�XLIVI�LEW�FIIR�E��	�HIGVIEWI�MR�XLI�EQSYRX�SJ�VEMR�
that falls each year. These trends promote drought in Hawai‘i. 2015 had 9 months of below 
average rainfall and the spring and summer of 2016 most of the state experienced severe to 
moderate drought conditions.

vii. High Ocean Temperatures and Coral Bleaching

Ocean temperatures around Hawai‘i are typically cooler than in other tropical areas. This is 
FIGEYWI�,E[EM³M�MW�PSGEXIH�EPSRK�XLI�RSVXLIVR�IHKI�SJ�XLI�XVSTMGW��[I�KIRIVEPP]�LEZI�WXVSRK�
XVEHI�[MRHW�XS�IRGSYVEKI�[EXIV�GMVGYPEXMSR��ERH�GPSYH]�GSRHMXMSRW�EPP�LIPT�XS�OIIT�XLI�[EXIV�
XIQTIVEXYVI�MR�E�GSQJSVXEFPI�VERKI�JSV�GSVEP�VIIJW��&YX�HYVMRK�)P�2MyS�]IEVW��XLI�WIE�WYVJEGI�
XIQTIVEXYVI�MR�XLI�GIRXVEP�ERH�IEWXIVR�4EGM½G�[MPP�MRGVIEWI�F]�WIZIVEP�HIKVIIW��'SQFMRIH�[MXL�
E�FVIEOHS[R�MR�XLI�XVEHI�[MRHW��XLMW�GER�PIEH�XS�GSRHMXMSRW�XLEX�GEYWI�coral bleaching. 

Coral bleaching occurs when coral expel algae that live in their tissues. These algae give cor-
EPW�XLIMV�QER]�GSPSVW��ERH�WS�MX�GEYWIW�XLI�GSVEP�XS�XYVR�GSQTPIXIP]�[LMXI��FPIEGLIH
��9RHIV�
RSVQEP�GSRHMXMSRW�XLI�EPKEI�TVSZMHI�E�TEVXRIVWLMT�[MXL�GSVEPW�[LIVI�MR�XLI]�TVSHYGI��XLVSYKL�
TLSXSW]RXLIWMW��GIVXEMR�RYXVMIRXW�XLEX�XLI�GSVEPW�RIIH�XS�WYVZMZI��7GMIRXMWXW�FIPMIZI�XLEX�[LIR�
GSVEP�FIGSQI�WXVIWWIH��WYGL�EW�F]�I\XVIQI�WIE�WYVJEGI�XIQTIVEXYVIW��TSPPYXMSR��SV�SXLIV�
MQTEGXW�XS�XLIMV�IRZMVSRQIRX��XLI�GSVEP�I\TIP�XLIWI�EPKEI�ERH�GSRXMRYI�XS�PMZI�JSV�[IIOW�XS�
QSRXLW�EJXIV[EVHW��VIEGUYMVMRK�XLI�EPKEI�SRGI�XLI�WXVIWW�MW�VIPMIZIH�
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Hawai‘i does not experience bleaching often. But the powerful El Niños of 1998/1999 and 
��������GEYWIH�GSVEP�FPIEGLMRK�XLVSYKLSYX�XLI�WXEXI��ERH�MRXS�XLI�RSVXL[IWX�,E[EMMER�-WPERHW�
EW�[IPP��&PIEGLMRK�HSIW�RSX�RIGIWWEVMP]�WTIPP�HMWEWXIV�JSV�E�VIIJ��FYX�MJ�WXVIWWJYP�GSRHMXMSRW�VIPEXIH�
XS�LMKL�[EXIV�XIQTIVEXYVIW�TIVWMWX�JSV�QER]�QSRXLW��MX�HSIW�X]TMGEPP]�VIWYPX�MR�XLI�HIEXL�SJ�E�
GSVEP��,YQERW�TPEGI�WXVIWW�SR�GSVEP�VIIJW��[LMGL�GER�GSQTSYRH�XLI�IJJIGXW�SJ�)P�2MyS��4SPPYXMSR��
SZIV½WLMRK��ERH�TL]WMGEP�GSRXEGX�[MXL�GSVEP�EPP�PIEH�XS�HEQEKIH�IGSW]WXIQW�XLEX�EVI�XLIVIEJXIV�
more vulnerable to the negative effects of high water temperatures. If we hope for coral reefs 
XS�WYVZMZI�JYXYVI�WXVSRK�)P�2MyS�IZIRXW��MX�QEOIW�WIRWI�XS�VIQSZI�XLI�WXVIWWIW�[I�TPEGI�SR�
them from our activities in adjacent watersheds and coastal waters. 

7. Trade Winds 

8LI�TVIZEMPMRK�RSVXLIEWX�XVEHI�[MRHW�LEZI�HIGVIEWIH�MR�JVIUYIRG]�SZIV�XLI�TEWX����]IEVW��
These winds are responsible for much of the orographic and convective rainfall that provides 
Hawai‘i with freshwater. The decreasing trade winds would likely lead to less precipitation and 
enhance the formation of heat waves and coral bleaching.

8. Terrestrial Ecosystems 

8LI�[EXIVWLIHW�SJ�,E[EM³M�EVI�GLEVEGXIVM^IH�F]�E�RYQFIV�SJ�WTIGMIW��WYGL�EW�XLI�,E[EMMER�
LSRI]GVIITIV�ERH�XLI�,EPIEOEPEã�WMPZIVW[SVH��XLEX�EVI�JSYRH�RS[LIVI�IPWI�MR�XLI�[SVPH��'LERK-
IW�MR�XLI�[MRH��VEMR��ERH�EMV�XIQTIVEXYVI�XLVIEXIR�XLI�I\XIRX�SJ�XLI�REXMZI�LEFMXEXW�ERH�YRMUYI�
ecosystems that support these species. 

%W�E�VIWYPX�SJ�GPMQEXI�GLERKI��GVMXMGEP�GSRHMXMSRW�QE]�HMQMRMWL��TIWXW��HMWIEWIW��ERH�MRZEWMZI�
WTIGMIW�QE]�I\TERH��ERH�IGSW]WXIQW�QE]�WLMJX�YTWPSTI�ERH�HIGPMRI�MR�WM^I���,MKLIV�IPIZEXMSRW�
are feeling the stress of these changes and lower elevations are seeing the emergence of new 
habitats that previously did not exist in the Hawaiian Islands. Changes in rainfall that include 
¾SSHMRK�HVSYKLX��[MPH½VIW��ERH�WSMP�IVSWMSR�EVI�EQSRK�XLI�QENSV�XLVIEXW��

6MWMRK�EMV�XIQTIVEXYVIW�MR�,E[EM³M��[LMGL�LEZI�WLS[R�ER�EGGIPIVEXMRK�YT[EVH�XVIRH�SZIV�XLI�
TEWX����]IEVW��EVI�GLERKMRK�JEWXIWX�EX�LMKLIV�IPIZEXMSRW��%QSRK�XLI�MQTEGXW�SJ�XLMW�EVI�E�HI-
GVIEWI�MR�XLI�HMJJIVIRGI�FIX[IIR�XLI�RMKLXP]�PS[�XIQTIVEXYVI�ERH�XLI�HEMP]�LMKL�XIQTIVEXYVI��
[LMGL�MW�ER�MQTSVXERX�JEGXSV�JSV�QER]�XIVVIWXVMEP�WTIGMIW��'SRWIUYIRXP]��LIEX�WXVIWW�I\TIVMIRGIH�
HYVMRK�XLI�HE]��MW�PIWW�IEWMP]�VIPMIZIH�EX�RMKLX��,E[EM³M�MW�TVSNIGXIH�XS�GSRXMRYI�[EVQMRK��[MXL�E�
VERKI�SJ���XS���*������XS�����'
�JSV�LMKL�IQMWWMSRW�WGIREVMSW�F]�XLI�]IEV������

E. How do these climate change impacts harm ecosystems 
and human systems in Hawai‘i?

1ER]�TISTPI�XLMRO�XLEX�LYQERW�WLSYPH�TVSXIGX�XLI�REXYVEP�[SVPH��%PP�½ZI�SJ�XLI�GPMQEXI�change 
MQTEGXW�WLS[R�MR�*MKYVI�����LMKLIV�XIQTIVEXYVIW��WIE�PIZIP�VMWI��I\TSWYVI�XS�XVSTMGEP�G]GPSRIW��
GLERKIW�MR�VEMRJEPP��ERH�SGIER�EGMHM½GEXMSR
�LEVQ�,E[EMMER�IGSW]WXIQW��8LIWI�MQTEGXW�LEVQ�
XLI�SVKERMWQW�XLEX�PMZI�XLIVI�ERH�XLI�LYQER�GSQQYRMXMIW�XLEX�KIX�QER]�FIRI½XW�JVSQ�XLIWI�
IGSW]WXIQW��8LIWI�FIRI½XW�MRGPYHI�GYPXYVEP�ERH�WTMVMXYEP�ZEPYIW��JSSH��ERH�MRGSQI�JVSQ�½WLMRK�
and tourism (Figure 18).
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-R�EHHMXMSR��GPMQEXI�GLERKIW�LEVQ�XLI�LYQER�W]WXIQW�XLEX�TISTPI�HITIRH�YTSR�JSV�XLIMV�
LSQIW��JSSH��JVIWL�[EXIV��ERH�XVERWTSVXEXMSR��Figure 19).

Figure 18 Higher air and ocean temperatures, Sea-level rise, tropical cyclones, changing rainfall pat-
terns, and ocean acidification all damage major services that are provided by ecosystems.

Figure 19 Climate change damages major services that are provided by human systems.

&OLPDWH�FKDQJH�KDUPV�+DZDLLDQ�HFRV\VWHPV

&OLPDWH�FKDQJH�KDUPV�KXPDQ�V\VWHPV
Human systems provide: Shelters Food Fresh Water Transportation

which are impacted by:

Ecosystems Provide:

which are impacted by:

Important Cultural 
and Spiritual Values

Food Income from
Fishing and Tourists

���3GIER�%GMHM½GEXMSR�ERH�;EVQMRK�

3JXIR��XLI�HMJJIVIRX�MQTEGXW�SJ�GPMQEXI�GLERKI�LEVQ�XLI�WEQI�IGSW]WXIQ�SV�LYQER�W]WXIQ�ERH�
GEYWI�QSVI�HEQEKI�XLER�IMXLIV�[SYPH�F]�MXWIPJ��*SV�I\EQTPI��LMKLIV�SGIER�XIQTIVEXYVIW�ERH�
SGIER�EGMHM½GEXMSR�FSXL�LEVQ�PSGEP�QEVMRI�IGSW]WXIQW�WYGL�EW�GSVEP�VIIJW��Figure20). Corals 
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EVI�ZIV]�WIRWMXMZI�XS�MRGVIEWIW�MR�XIQTIVEXYVI��-R�XLI�2SVXL�4EGM½G��WIE�WYVJEGI�XIQTIVEXYVIW�
LEZI�FIIR�VMWMRK��SR�EZIVEKI��F]�EFSYX������*�������'
�TIV�HIGEHI��;EVQIV�SGIER�[EXIV�GER�
PIEH�XS�GSVEP�FPIEGLMRK��ERH�HEQEKI�XS�PSGEP�QEVMRI�IGSW]WXIQW�ERH�½WLMRK�

8LI�SYXWMHI�LEVH�TEVXW�SJ�QER]�WLIPPIH�SVKERMWQW��WYGL�EW�TPEROXSR��ERH�GSVEP�EVI�QEHI�SJ�GEV-
bon combined with calcium and oxygen in a solid form called calcium carbonate (CaCO3). As 
XLI�SGIER�FIGSQIW�QSVI�EGMHMG��MX�MW�QYGL�QSVI�HMJ½GYPX�JSV�QER]�QEVMRI�SVKERMWQW�XS�QEOI�
and keep their hard calcium carbonate shells. 

-R�������EW�E�VIWYPX�SJ�E�KVS[MRK�)P�2MyS�IZIRX�ERH�VIGSVH�SGIER�XIQTIVEXYVIW�MR�XLI�4EGM½G��
the National Oceanic and Atmospheric Administration declared the third global coral bleach-
ing event ever on record (Figure 21). One quarter of all sea animals spend time in coral reef 
environments during their life cycle. Since plankton and coral are very important for marine 

:DUPLQJ�DQG�$FLGLÀFDWLRQ�RQ�5HHIV

Figure 20 The combined impacts of ocean acidification and warming harms the coral, plankton, and 
other organisms that use calcium carbonate to make their shells and the reef. Shown are 3 scenarios of 
atmospheric CO2 concentrations in ppm (parts per million) and air temperatures with the associated 
state of reef health. Reefs progress from coral and fish dominated ecosystems to algae dominated.

Figure 21 For the third time in recorded history, a massive coral-bleaching event unfolded in 2015 
throughout the world’s oceans, stretching from Hawai‘i to the Indian Ocean and the Atlantic. Here, a 
scientist examines bleached coral in American Samoa.

Global Coral Bleaching, 2015
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IGSW]WXIQW��XLI�GSQFMRIH�MQTEGXW�SJ�SGIER�[EVQMRK�ERH�EGMHM½GEXMSR�GER�EPWS�HIGVIEWI�XLI�
populations of many marine organisms that do not live in reefs. 

���7IE�0IZIP�6MWI�

Sea-level rise is especially important since it harms essential Hawaiian ecosystems and human 
systems. Sea level has been increasing in Hawai‘i at about 0.06 inches per year (1.5 mm/yr or  
��MRGLIW�TIV�GIRXYV]
��8LMW�QE]�RSX�WIIQ�PMOI�E�ZIV]�VETMH�MRGVIEWI��FYX�MXW�IJJIGXW�GER�UYMGOP]�
add up year after year. 

*SV�MRWXERGI����	�SJ�XLI�FIEGLIW�MR�,E[EM³M�LEZI�FIIR�GPEWWM½IH�EW�GLVSRMGEPP]�IVSHMRK��ERH�
long-term sea-level rise over several decades is one reason why this is happening. Sea-level rise 
causes beach erosion (Figure 22
��¾SSHMRK�HYVMRK�high tide��ERH�MRGVIEWIW�XLI�ZYPRIVEFMPMX]�SJ�
GSEWXEP�GSQQYRMXMIW�XS�¾SSHMRK�JVSQ�WXSVQ�WYVKI�ERH�XWYREQMW��7IE�PIZIP�MW�I\TIGXIH�XS�GSR-

XMRYI�VMWMRK��TIVLETW�F]�QSVI�XLER� 
3 feet (1 meter) by the end of  
this century.

This increase in sea level means 
that anything that makes the ocean 
waves reach farther inland (such 
EW�E�LMKL�XMHI��E�XWYREQM��SV�E�PEVKI�
WXSVQ
�[MPP�GEYWI�QSVI�¾SSHMRK�
than when the sea level was lower. 
*SV�I\EQTPI��XLI�RI\X�XVSTMGEP�
cyclone to pass over the islands will 
generate a storm surge that is likely 
XS�HS�QSVI�¾SSH�HEQEKI�XLER�
it would have if sea level had not 
been rising. 

3. Human Health 

As warming air and ocean temperatures impact the resilience and sustainability of natural eco-
W]WXIQW��LYQERW�EVI�I\TSWIH�XS�KVS[MRK�XLVIEXW�XS�XLIMV�S[R�LIEPXL��

The most fatal form of climate change is a heat wave. Heat waves are prolonged periods of ex-
cessively hot weather that may be accompanied by high humidity. These are especially dangerous 
[LIR�LSX�GSRHMXMSRW�PMRKIV�JSV�HE]W�XS�[IIOW��[LMGL�XLI]�XIRH�XS�HS�MR�WYQQIV�QSRXLW��2MKLX-
XMQI�XIQTIVEXYVIW�YRHIV�XLIWI�GSRHMXMSRW�QE]�RSX�TVSZMHI�WYJ½GMIRX�VIPMIJ�XS�XLI�MPP��IPHIVP]��
and young who suffer the most. Drought and food shortages may develop under especially 
protracted conditions.

&IGEYWI�SJ�GSRXMRYSYW�HIQERH�JSV�EMV�GSRHMXMSRMRK��PSGEP�IRIVK]�W]WXIQW�QE]�JEMP�HYVMRK�E�LIEX�
wave. Electricity blackouts such as this are especially harmful and may lead to fatalities. For ex-
EQTPI��XLI�)YVSTIER�LIEX�[EZI�SJ������PIH�XS�XLI�LSXXIWX�WYQQIV�SR�VIGSVH�MR�)YVSTI�WMRGI�
������8LI�IZIRX�TVSHYGIH�LIEPXL�GVMWIW�MR�WIZIVEP�GSYRXVMIW�ERH��MR�GSQFMREXMSR�[MXL�HVSYKLX��

Figure 22 Sea-level rise causes coastal erosion, which can 
damage beaches, cause land loss, and threaten coastal  
communities.

&RDVWDO�(URVLRQ��2DKX
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resulted in food shortages in parts of Southern Europe. The European heat wave death toll 
[EW�TPEGIH�EX�QSVI�XLER���������2MRI�SYX�SJ�XLI����HIEHPMIWX�LIEX�[EZIW�MR�VIGSVHIH�LMWXSV]�
have occurred since 2000.

-R�,E[EM³M´W�VETMHP]�[EVQMRK�GPMQEXI��XLIVI�QE]�FI�MRGVIEWIH�PIZIPW�SJ�ZIGXSV�FSVRI�HMWIEWIW��
[EXIV�FSVRI�HMWIEWIW�WYGL�EW�GLSPIVE��½WL�TSMWSRMRK��LIEX�VIPEXIH�MPPRIWW��QIRXEP�LIEPXL�TVSF-
PIQW��VIWTMVEXSV]�HMWIEWI��ERH�SXLIV�RSR�GSQQYRMGEFPI�HMWIEWIW��-RGVIEWIH�MRNYV]�ERH�HIEXL�
from tropical cyclones may also increase. Some diseases such as dengue fever have developed 
in Hawai‘i with increased frequency. 

(IRKYI�JIZIV�MW�WTVIEH�F]�QSWUYMXSIW��ERH�MW�GSVVIPEXIH�[MXL�[IX��[EVQ�GSRHMXMSRW��'PMQEXI�
change can lead to increased availability of stagnant water and shorter incubation periods for 
ZIGXSVW��WYGL�EW�QSWUYMXSIW��-R������ERH�������1EYM�I\TIVMIRGIH�ER�SYXFVIEO�SJ�HIRKYI�JIZIV�
HYVMRK�E�TIVMSH�SJ�[EVQIV��[IXXIV�[IEXLIV��-R�2SZIQFIV�SJ�������,E[EM³M�-WPERH�[EW�HIGPEVIH�
under a federal travel advisory as over 90 cases of dengue fever developed within a period of a 
few weeks. Hawai‘i may be especially vulnerable to these types of diseases because of the high 
volume of foreign visitors and imports.

Increased storminess may also cause an increase in polluted runoff. Polluted runoff associ-
EXIH�[MXL�I\GIWWMZI�WXSVQ�[EXIV�GER�GSRXEMR�WI[EKI�ERH�SXLIV�GSRXEQMRERXW�JVSQ�SZIV¾S[-
MRK�WI[EKI�TMTIW��GSQQIVGMEP�TVSHYGXW�YWIH�MR�ERH�EVSYRH�LSQIW��KEVHIRMRK�GLIQMGEPW��ERH�
[EWXIW�JVSQ�GSQQSR�ERMQEPW��8LIWI�¾S[�MRXS�GSEWXEP�[EXIVW�ERH�GER�TVSHYGI�GSVEP�HMWIEWI��
RYXVMIRX�GSRXEQMREXMSR��ERS\MG�GSRHMXMSRW��QYH�TSPPYXMSR��ERH�XLI�KVS[XL�SJ�QEVMRI�TEXLSKIRW��
'MKYEXIVE��PITXSWTMVSWMW��ERH�SXLIV�[EXIV�FSVRI�MRJIGXMSYW�HMWIEWIW�EVI�I\TIGXIH�XS�MRGVIEWI�MR�
SGGYVVIRGI�MR�E�[IXXIV��[EVQIV�,E[EM´M�

F. How can Hawai‘i communities adapt to the impacts  
of climate change?

We use the term climate adaptation�XS�HIWGVMFI�XLI�XLMRKW�XLEX�TISTPI��GSQQYRMXMIW�ERH�
KSZIVRQIRXW�GER�HS�XS�LIPT�TVSXIGX�XLIQWIPZIW�JVSQ�LEVQJYP�GPMQEXI�MQTEGXW��%�4EGM½G�-WPERH�
community that has planned and implemented climate adaptation strategies for their ecosys-
XIQW��JSSH�WYTTPMIW��LSQIW��VSEHW��ERH�[EXIV�WYTTPMIW�[MPP�WYJJIV�PIWW�HEQEKI�ERH�VIGSZIV�QSVI�
quickly from climate change impacts.

4PERXW�ERH�ERMQEPW�PMZMRK�MR�4EGM½G�-WPERH�IGSW]WXIQW�EVI�EHETXIH�XS�XLI�GYVVIRX�GSRHMXMSRW��WYGL�
as temperatures and rainfall patterns. Since temperatures normally do not change very much 
SZIV�XLI�GSYVWI�SJ�E�]IEV��QER]�PSGEP�TPERXW�ERH�ERMQEPW�LEZI�RIZIV�I\TIVMIRGIH�XLI�LMKLIV�
temperatures that may be happening already and that are predicted to happen even more in 
the future. 

Changes in sea level (Figure 23
�ERH�VEMRJEPP��QSVI�XVSTMGEP�G]GPSRIW��LMKLIV�XIQTIVEXYVIW��WEPX�
JVSQ�SGIER�¾SSHMRK��ERH�E�QSVI�EGMHMG�SGIER�EPP�GER�GEYWI�ZIV]�WMKRM½GERX�HEQEKI�XS�PERH�ERH�
marine ecosystems.
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-R�EHHMXMSR�XS�XLI�WXVIWW�JVSQ�GPMQEXI�GLERKI�MQTEGXW��XLIWI�IGSW]WXIQW�EVI�SJXIR�EPVIEH]�FIMRK�
LEVQIH�F]�SXLIV�LYQER�EGXMSRW��%GXMZMXMIW�WYGL�EW�TSPPYXMRK�PERH�SV�[EXIV��GYXXMRK�HS[R�XSS�
QER]�XVIIW��GEXGLMRK�XSS�QER]�½WL��HMWXYVFMRK�VIIJW��ERH�VITPEGMRK�REXYVEP�IRZMVSRQIRXW�[MXL�
industrial development all harm local ecosystems.

Ecosystems that are close to their natural condition are more resilient with respect to climate 
change. This means that they are damaged less by climate changes and can recover faster than 
ecosystems that are harmed by other human activities. The best climate adaptations for ecosys-
tems are activities that help the ecosystems return to and keep their natural conditions. These 
EGXMZMXMIW�MRGPYHI�TVIZIRXMRK�ERH�VIQSZMRK�TSPPYXMSR��ERH�GEVIJYPP]�QEREKMRK�LYQER�MRXIVEGXMSRW�
[MXL�XLI�IGSW]WXIQ�WYGL�EW�PSKKMRK��½WLMRK��EPXIVMRK�XLI�VIIJ��ERH�XSYVMWQ�

&IGEYWI�IGSW]WXIQW�TVSZMHI�WS�QER]�MQTSVXERX�FIRI½XW�XS�MWPERH�GSQQYRMXMIW��XLIWI�IGS-
W]WXIQ�EHETXEXMSRW�EPWS�MRGVIEWI�XLI�VIWMPMIRGI�SJ�LYQER�W]WXIQW��-R�EHHMXMSR��LYQER�W]WXIQW�
�WYGL�EW�LSQIW��KIXXMRK�JVIWL[EXIV��KIXXMRK�JSSH��ERH�XVERWTSVXEXMSR
�VIUYMVI�SXLIV�EHETXEXMSR�
EGXMSRW��8LIWI�EHETXEXMSR�EGXMSRW�KIRIVEPP]�QEOI�XLI�LYQER�W]WXIQW�QSVI�¾I\MFPI��IJ½GMIRX�ERH�
WYWXEMREFPI��-R�SXLIV�[SVHW��XLIWI�GPMQEXI�EHETXEXMSRW�JSV�LYQER�W]WXIQW�EVI�

� Q     Flexible Giving the communities more ways to meet their needs

� Q    )JßGMIRX�%HETXMRK�MR�[E]W�XLEX�TVSZMHI�XLI�QE\MQYQ�FIRI½XW�JSV�XLI�GSWX

� Q    Sustainable Relying more on island resources than on outside resources

Figure 23 Impacts of sea-level rise and kinds of adaptation strategies.
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Communities on islands have fewer choices and resources to reduce the impacts of climate 
change than do communities on continents. Low coastal settings lack the higher elevations that 
GER�TVSZMHI�QYGL�QSVI�WIGYVMX]�[MXL�VIWTIGX�XS�EZSMHMRK�¾SSHMRK��KIXXMRK�JVIWL�[EXIV��KVS[MRK�
JSSH��ERH�FYMPHMRK�VSEHW��-J�XLI�MQTEGXW�SJ�GPMQEXI�GLERKI�GSRXMRYI�XS�MRGVIEWI��XLI�MWPERHW�MR�
,E[EM´M��XLIMV�[E]�SJ�PMJI�ERH�XLIMV�IGSW]WXIQW��[MPP�FIGSQI�MRGVIEWMRKP]�XLVIEXIRIH�

-R�KIRIVEP��XLIVI�EVI�XLVII�OMRHW�SJ�GPMQEXI�EHETXEXMSR�EGXMZMXMIW�XLEX�GER�LIPT�QEOI�TISTPI��
GSQQYRMXMIW��ERH�IGSW]WXIQW�WEJIV�[MXL�VIWTIGX�XS�VMWMRK�WIE�PIZIPW�ERH�SXLIV�GPMQEXI�MQTEGXW��
These kinds of adaptation activities are:

� Q� 4VSXIGXMRK�PSGEP�IGSW]WXIQW�XS�LIPT�XLIWI�IGSW]WXIQW�FI�QSVI�VIWMPMIRX�

� Q� -RGVIEWMRK�XLI�VIWMPMIRG]�SJ�XLI�GSQQYRMXMIW �́TL]WMGEP�W]WXIQW�WYGL�EW�LSQIW�� 
  VSEHW��[EXIV�WYTTPMIW��ERH�JSSH�WYTTPMIW�

� Q Making the community’s cultural systems stronger and healthier so people in  
  the community effectively plan and implement climate adaptation strategies  
  that work for that community.

These climate adaptations can help make life in Hawai’i safer and more comfortable for more 
years into the future.
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Aquifer An underground layer of water-saturated rock from which fresh water can be ob-
XEMRIH�JSV�LYQER�YWI�WYGL�EW�MVVMKEXMSR��HVMROMRK��ERH�MR�QERYJEGXYVMRK��

Arid A very dry climate in a place. 

Atmosphere The envelope of gases that surrounds Earth. The atmosphere contains the air that 
[I�FVIEXLI��ERH�XLI�[IEXLIV�XLEX�[I�I\TIVMIRGI�

Climate The weather conditions prevailing in an area in general or over a long period. The 
climate is the long-term average condition of the weather over 30 years or so.

Climate Adaptation Adaptation is any action that reduces the vulnerability of social and biolog-
ical systems to climate change and thus offset the effects of global warming. Even if emissions 
EVI�WXEFMPM^IH�VIPEXMZIP]�WSSR��KPSFEP�[EVQMRK�ERH�MXW�IJJIGXW�[MPP�PEWX�QER]�]IEVW��ERH�EHETXEXMSR�
will be necessary to the resulting changes in climate.

Climate Change�%�GLERKI�MR�KPSFEP�SV�VIKMSREP�GPMQEXI�TEXXIVRW��MR�TEVXMGYPEV�E�GLERKI�ETTEV-
ent from the mid to late 20th century onwards and attributed largely to the increased levels of 
atmospheric carbon dioxide produced by the use of fossil fuels.

Climate Variability Changes in climate that are caused by oceanographic and atmospheric 
MR¾YIRGIW��'PMQEXI�MW�HIWGVMFIH�EW�XLI�EZIVEKI��PSRK�XIVQ�GSRHMXMSR�SJ�XLI�[IEXLIV��%W�MQTPMIH�
F]�XLI�[SVH�±EZIVEKI�²�GSRHMXMSRW�ZEV]�MR�FIMRK�WSQIXMQIW�[IXXIV��HV]IV��GSPHIV��[EVQIV��SV�
windier. 

Coastal Erosion Wearing away and loss of beaches and land due to waves. Coastal erosion 
gets worse when sea-level rises.

Convection 'SRZIGXMSR�MW�XLI�QSZIQIRX�SJ�LIEX�XLEX�MW�GEVVMIH�F]�XLI�QSXMSR�SJ�E�¾YMH��WYGL�
EW�EMV�SV�[EXIV
�[LIR�XLI�LIEXIH�¾YMH�QSZIW�E[E]�JVSQ�XLI�WSYVGI�SJ�LIEX��'SRZIGXMSR�SG-
GYVW�FIGEYWI�LSX�EMV��SV�LSX�[EXIV
�I\TERHW��FIGSQIW�PIWW�HIRWI��ERH�VMWIW�

Convective Rain Convection involves the upward movement of warm air. If this warm air has 
E�PSX�SJ�[EXIV�ZETSV��XLI�[EXIV�ZETSV�VIEHMP]�GSRHIRWIW�ERH�JSVQW�GPSYHW��8LI�GPSYHW�TVSHYGI�
rain that falls as showers that can rapidly change in intensity. We call this convective rain. This 
rain falls over a limited area for a relatively short time because convective clouds aren’t very 
wide. Most rain in the tropics seems to be convective.
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Coral Bleaching Bleaching is a state of stress when coral loses its color and turns completely 
white because it has expelled algae that live in its tissue. These algae give the coral color as well 
as nutrients. Coral can only survive for a few months without these algae and so this marks a 
state of high distress for the coral and is potentially deadly. Bleaching often occurs because the 
[EXIV�XIQTIVEXYVI�MW�XSS�LMKL��FYX�SXLIV�WXVIWWIW�GER�GEYWI�FPIEGLMRK�EW�[IPP�

Drought An extended period of little rainfall.

El Niño�%�REXYVEP�GPMQEXI�IZIRX��PEWXMRK�X]TMGEPP]�PIWW�XLER���]IEV��[LMGL�SGGYVW�MR�XLI�4EGM½G�
when the normal trade winds weaken (or die). This causes warm water in the western tropi-
GEP�4EGM½G�XS�WYVKI�MRXS�XLI�GIRXVEP�ERH�IEWXIVR�4EGM½G��)P�2MyS�GER�GEYWI�XIQTSVEV]�KPSFEP�
changes in the climate and weather.

El Niño Southern Oscillation��)273
�6IJIVW�XS�E�4EGM½G�GPMQEXI�IZIRX�XLEX�LEW�X[S�WXEXIW��)P�
Niño and La Niña. These states govern the movement of a large body of warm water to the 
IEWXIVR��)P�2MyS
�SV�[IWXIVR��0E�2MyE
�VIKMSRW�SJ�XLI�XVSTMGEP�4EGM½G�3GIER��)273�WXEXIW�
cause strong climate and weather variability around the globe.

Extinction )\XMRGXMSR�MW�[LIR�E�KVSYT�SJ�SVKERMWQW��YWYEPP]�E�WTIGMIW�FYX�GSYPH�MRGPYHI�LMKLIV�
PIZIP�XE\SRSQMG�KVSYTW�WYGL�EW�KIRYW��KS�SYX�SJ�I\MWXIRGI�WYGL�XLEX�XLIVI�EVI�RS�QIQFIVW�SJ�
the group any longer in existence on Earth.

Evaporation When a liquid turns into a gas.

Flash Flood�6ETMH�¾SSHMRK�SJ�PS[�P]MRK�EVIEW�GEYWIH�F]�LIEZ]�VEMR�EWWSGMEXIH�[MXL�E�WIZIVI�
XLYRHIVWXSVQ��LYVVMGERI��XVSTMGEP�WXSVQ��SV�MRXIRWI�VEMRWXSVQ�

Global warming When the air in the lowest portion of the atmosphere (the troposphere) gets 
WMKRM½GERXP]�[EVQIV�XLER�RSVQEP��+PSFEP�[EVQMRK�MW�GEYWIH�F]�ER�MRGVIEWI�MR�XLI�EQSYRX�SJ�
LIEX�XVETTMRK�KVIIRLSYWI�KEWIW�[LIR�LYQERW�FYVR�JSWWMP�JYIPW��GSEP��TIXVSPIYQ��REXYVEP�KEW
�JSV�
energy. Other types of greenhouse gases produced by humans also contribute to the problem.

Heat Wave %�TVSPSRKIH�TIVMSH�SJ�I\GIWWMZIP]�LSX�[IEXLIV��SJXIR�EGGSQTERMIH�F]�LMKL�LYQMH-
ity. Often these conditions pose a health threat to human communities.

High Tide High tide is the highest level reached by the tide. The tide is the alternating rising and 
JEPPMRK�SJ�XLI�WIE��YWYEPP]�X[MGI�MR�IEGL�HE]��HYI�XS�XLI�KVEZMXEXMSREP�EXXVEGXMSRW�SR�XLI�SGIER�F]�
the moon and sun. 

Ho‘oilo 8LI�,E[EMMER�WIEWSR��3GXSFIV�XLVSYKL�%TVMP
�[LIR�XLI�WYR�MW�MR�XLI�WSYXL��XLI�
[IEXLIV�MW�GSSPIV��ERH�XLI�XVEHI�[MRHW�EVI�QSWX�SJXIR�MRXIVVYTXIH�F]�SXLIV�[MRHW�
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Humidity Humidity is the amount of water vapor in the air. Water vapor is the gaseous state 
SJ�[EXIV�ERH�MW�MRZMWMFPI��,YQMHMX]�MRHMGEXIW�XLI�PMOIPMLSSH�SJ�TVIGMTMXEXMSR��HI[��SV�JSK��,MKLIV�
humidity also reduces the effectiveness of sweating in cooling the body by reducing the rate of 
evaporation of moisture from the skin.

Hurricane�%�LYVVMGERI�MW�E�XVSTMGEP�G]GPSRI�[MXL�WYWXEMRIH�[MRHW�SJ�EX�PIEWX����QMPIW�TIV�LSYV�
(119 km/h).

Hydrologic Cycle The hydrologic cycle is a description of the pathways that water follows 
as it is naturally recycled. The hydrologic cycle begins with the evaporation of water from the 
WYVJEGI�SJ�XLI�SGIER��%W�QSMWX�EMV�MW�PMJXIH��MX�GSSPW�ERH�[EXIV�ZETSV�GSRHIRWIW�XS�JSVQ�GPSYHW��
1SMWXYVI�MW�XVERWTSVXIH�EVSYRH�XLI�KPSFI�YRXMP�MX�VIXYVRW�XS�XLI�WYVJEGI�EW�TVIGMTMXEXMSR��[LMGL�
IRXIVW�E�HVEMREKI�W]WXIQ��E�[EXIVWLIH
�SV�MR½PXVEXIW�MRXS�XLI�KVSYRH��

Kau 8LI�,E[EMMER�WIEWSR��1E]�XLVSYKL�7ITXIQFIV
�[LIR�XLI�WYR�MW�QSVI�HMVIGXP]�SZIVLIEH��
XLI�[IEXLIV�MW�[EVQIV��[MHIWTVIEH�VEMRWXSVQW�EVI�VEVI��ERH�XVEHI�[MRHW��JVSQ�XLI�RSVXLIEWX�
and east) are most reliable.
 
King tide�%�XIVQ�XLEX�HIWGVMFIW�ER�YRYWYEPP]�LMKL�XMHI��YWYEPP]�XLI�LMKLIWX�XMHIW�SJ�XLI�]IEV��/MRK�
XMHIW�QE]�GEYWI�¾SSHMRK�SR�PS[�P]MRK�GSEWXEP�PERHW�

La Niña�%�REXYVEP�GPMQEXI�IZIRX��PEWXMRK�X]TMGEPP]�PIWW�XLER���]IEV��[LMGL�SGGYVW�MR�XLI�4EGM½G�
when the trade winds grow stronger than normal. This causes a body of warm water to accu-
QYPEXI�MR�XLI�[IWXIVR�XVSTMGEP�4EGM½G�ERH�MW�ER�STTSWMXI�WXEXI�XS�)P�2MyS�

Leeward�0SGEXMSRW�XLEX�EVI�WLIPXIVIH�JVSQ�XLI�TVIZEMPMRK�[MRHW��-R�,E[EM³M��PII[EVH�WMHIW�EVI�
typically the south and west shores of the islands.
 
Neutral A year in which ENSO conditions are neither in the El Niño or La Niña states.
2SVXL�4EGM½G�,MKL�%R�EVIE�SJ�LMKL�EXQSWTLIVMG�TVIWWYVI�XS�XLI�RSVXLIEWX�SJ�,E[EM³M�XLEX�KIR-
erates the trade winds.

2SVXL�4EGM½G�,MKL A semi-permanent area of high atmospheric pressure where air sinks to 
the ocean surface and spins in a clockwise manner. It is located northeast of Hawaii and west 
of California. It is strongest during the northern hemisphere summer and shifts towards the 
equator during the winter. It is responsible for Hawaii's persistent trade winds.

3GIER�%GMHM½GEXMSR�8LI�SRKSMRK�HIGVIEWI�MR�XLI�T,�SJ�)EVXL�W�SGIERW��GEYWIH�F]�XLI�EFWSVT-
XMSR�SJ�GEVFSR�HMS\MHI��'3�
�JVSQ�XLI�EXQSWTLIVI��%R�IWXMQEXIH���¯��	�SJ�XLI�GEVFSR�HMS\-
MHI�JVSQ�LYQER�EGXMZMX]�VIPIEWIH�MRXS�XLI�EXQSWTLIVI�HMWWSPZIW�MRXS�SGIERW��VMZIVW�ERH�PEOIW�

Orographic Rain�3VSKVETLMG�VEMR�SGGYVW�[LIR�LYQMH�EMV�MW�JSVGIH�YT[EVHW�SZIV�VMWMRK�XIVVEMR��
WYGL�EW�E�QSYRXEMR��MRXS�GSPHIV�EMV�EX�LMKLIV�IPIZEXMSRW��'SPHIV�EMV�GER�LSPH�QYGL�PIWW�[EXIV�
ZETSV�XLER�XLI�WEQI�ZSPYQI�SJ�[EVQIV�EMV��'SSPMRK�EMV�MRGVIEWIW�GSRHIRWEXMSR��PIEHMRK�XS�XLI�
formation of clouds that yield rain
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Sea level The average level of the surface of the ocean.

7IE�PIZIP�VMWI�;LIR�XLI�EZIVEKI�PIZIP�SJ�XLI�WYVJEGI�SJ�XLI�SGIER�VMWIW��IWTIGMEPP]�EW�E�VIWYPX�SJ�
global warming that melts glaciers (increasing the amount of water in the ocean) and warms 
XLI�SGIER��GEYWMRK�SGIER�[EXIV�XS�I\TERH��YT[EVHW
�

Trade wind A wind blowing steadily toward the equator from the northeast in the northern 
LIQMWTLIVI�SV�XLI�WSYXLIEWX�MR�XLI�WSYXLIVR�LIQMWTLIVI��IWTIGMEPP]�EX�WIE�

Trade Wind Inversion The trade wind inversion is the level at which cloud formation by oro-
graphic condensation ends because of overlying dry warm air. 1 

Tropics The tropics is a region on Earth surrounding the equator. Its northern extent is a line 
SJ�PEXMXYHI�GEPPIH�XLI�8VSTMG�SJ�'ERGIV�MR�XLI�2SVXLIVR�,IQMWTLIVI�����������2
�ERH�MXW�
southern extent is a line of latitude called the Tropic of Capricorn in the Southern Hemisphere 
�����������7
��8LI�XVSTMGW�VIKMSR�MW�GLEVEGXIVM^IH�F]�[EVQ�XIQTIVEXYVI�ERH�LYQMH�GSRHMXMSRW�
throughout the year.

Tropical cyclone�%�VSXEXMRK�W]WXIQ�SJ�WXVSRK�[MRHW��GPSYHW�ERH�XLYRHIVWXSVQW�XLEX�TVSHYGI�
LIEZ]�VEMR��8VSTMGEP�G]GPSRIW�EVI�SVKERM^IH�EVSYRH�E�GIRXIV��SV�I]I��[LIVI�XLIVI�MW�PS[�EMV�TVIW-
sure. Tropical cyclones cause storm surge and are responsible for severe damage where they 
make landfall in human communities.

Tropical Depression A tropical depression is an organized system of clouds and thunder-
WXSVQW�[MXL�E�HI½RIH�EMV�GMVGYPEXMSR�ERH�QE\MQYQ�WYWXEMRIH�[MRHW�SJ�PIWW�XLER����QMPIW�����
kilometers) per hour.

Tropical Storm�%�PSGEPM^IH��ZIV]�MRXIRWI�PS[�TVIWWYVI�[MRH�W]WXIQ��JSVQMRK�SZIV�XVSTMGEP�
oceans and with winds 39 to 73 miles per hour. 

Variability The extent to which some occurrence changes frequently but then returns to an 
average state.

Weather�8LI�WXEXI�SJ�XLI�EXQSWTLIVI�EX�E�TPEGI�ERH�XMQI�[MXL�VIKEVH�XS�LIEX��HV]RIWW��WYR-
WLMRI��[MRH��VEMR��GPSYHW�ERH�SXLIV�JEGXSVW�

Windward Facing the wind or on the side facing the wind.
 

1 The warm air is usually associated with the descending limb of a circulation cell known as the Hadley Cell, 
which originates in equatorial latitudes and transports moist warm air toward the poles. The descending limb 
of the Hadley Cell is located at approximately 30o latitude.    
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Figure 5. Photograph of orographic rain.  
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Figure 6b.  Photograph of Mauna Kea. 
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Figure 9.  1ETW�SJ�4EGM½G�WIE�WYVJEGI�XIQTIVEXYVI�HYVMRK�0E�2MyE�ERH�)P�2MyS�  
http://iri.columbia.edu/news/eight-misconceptions-about-el-nino/

Figure 10.  8LVII�WXSVQW�MR�XLI�4EGM½G�3GIER�� 
https://earth.nullschool.net

Figure 14.  Elevation decrease on Greenland. 
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Figure 15.  4LSXS�SJ�¾EWL�¾SSHMRK�MR�,SRSPYPY� 
LXXT���OLSR��GSQ������������LE[EMM�LMX�[MXL�WXSVQW�¾SSHMRK�LS[�PSRK�[MPP�XLMW�WIZIVI�[IEXLIV�PEWX�

Figure 16.  Photo of Hurricane Iniki damage. 
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Figure 17.  3GIER�EGMHM½GEXMSR� 
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Figure 20.  Photo of reef scenarios. 
,SIKL�+YPHFIVK��3���IX�EP���������'SVEP�VIIJW�YRHIV�VETMH�GPMQEXI�GLERKI�ERH�SGIER�EGMHM½GEXMSR��7GMIRGI�����

Figure 21.  Photo of bleached reef. 
https://www.washingtonpost.com/news/energy-environment/wp/2015/10/08/scientists-say-a-dramatic-
worldwide-coral-bleaching-event-is-now-underway/

Figure 22.  Photo of coastal erosion. 
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http://www.globalchange.gov/

�������������
� 'PMQEXI�'LERKI�-QTEGXW�MR�,E[EM³M��������9RMZIVWMX]�SJ�,E[EM³M�EX�1āRSE�� 
7IE�+VERX�'SPPIKI�4VSKVEQ� 
http://seagrant.soest.hawaii.edu/CCIH
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