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Presentation Notes
Dave to call meeting to order



WELCOME

Dave Ebersold
Facilitator

Presenter
Presentation Notes
Dave

Welcome

Housekeeping items:
Silence cell phones
Location of restrooms and emergency exits
Step outside as needed to have a break, take a call, or get a drink/food
Speak into mics for recording
If you need to leave early, please leave your tent card on the table and your name tag in the box outside





Public Comments on Agenda Items



Meeting Objectives

 Welcome new stakeholders
 Receive updates regarding the BWS
 Accept notes from meeting 29
 Increase our understanding of climate change and 

its impacts on Oahu
 Take group photo



New Stakeholders

 Dan Kouchi, Chamber of Commerce, Hawaii
 Chase Shigemasa, Resident of Council District 7



BWS UPDATES

Ernest Lau
BWS Manager and Chief Engineer

Presenter
Presentation Notes
Happy New Year
Red Hill
Poetry and Poster Contest
1 New City Council Member
CD4 is in court




Mahalo!                         Questions & Answers



Action

Review and accept notes from 

 Stakeholder Advisory Group Meeting #29 held on 
Thursday, January 24, 2019



Mahalo!                         Questions & Answers



CLIMATE CHANGE PANEL 
DISCUSSION



Climate Change Panel Experts

Dr. Charles H. Fletcher, III (Chip) 
Associate Dean for Academic Affairs and Professor of Earth Sciences at the 
School of Ocean and Earth Science and Technology (SOEST), University of 
Hawai‘i at Mānoa, and is also Vice-Chair of the Honolulu Climate Change 
Commission 
Dr. Thomas Giambelluca
Professor in the Department of Geography and Environment at the University 
of Hawai‘i at Mānoa 
Joshua Stanbro 
Honolulu’s Chief Resilience Officer, and serves as the Executive Director of 
the Office of Climate Change, Sustainability and Resiliency
Barry Usagawa
BWS Water Resources Program Administrator



Dr. Charles H. Fletcher, III (Chip)
Associate Dean for Academic Affairs and Professor of Earth Sciences
School of Ocean and Earth Science and Technology (SOEST)
University of Hawai‘i at Mānoa
Vice-Chair of the Honolulu Climate Change Commission 

CLIMATE CHANGE PANEL 
DISCUSSION



We have 10 
years to cut 
emissions 

by 50% 



1oC	=	1.8oF	





The world is now 1oC (1.8oF) warmer 

h*ps://www.youtube.com/watch?v=Z4bSxb5THm4	



Flooding is a global problem 

Lehmann, J., et al. (2015) Increased record-breaking precipitation events under global warming, Climatic Change, doi: 10.1007/s10584-015-1434-y 

Extreme rainfall has increased 12% 



Lehmann, J., et al. (2015) Increased record-breaking precipitation events under global warming, Climatic Change, doi: 10.1007/s10584-015-1434-y 

Extreme rainfall has increased 12% 



O‘ahu, April 2018 
State of Emergency, $124 million 



Short steep watersheds w/ heavy 
development promote flooding 



Kaua‘i, April 2018 
49.69 inches of rainfall in a 24-hour period, national record  









Weather disasters have doubled in two decades  

Centre for Research on the Epidemiology of Disasters, UN International Strategy for Disaster Reduction: http://reliefweb.int/report/world/human-cost-weather-related-disasters-1995-2015		



Worldwide Extreme Weather Catastrophes 
1980-2016 



The western U.S. fire season is 
150 days longer than 40 yrs 

ago… 

Abatzoglou, J.T., Williams, A.P. (2016) Impact of anthropogenic climate change on wildfire across western U.S. forests. Proceedings of the National Academy of Sciences; 201607171 doi: 10.1073/pnas.1607171113		
Kitzberger T, et al.(2017) Direct and indirect climate controls predict heterogeneous early-mid 21st century wildfire burned area across western and boreal North America. PLoS ONE 12(12). https://doi.org/10.1371/journal.pone.0188486

…the number of  large 
fires has tripled 



Heat waves are the deadliest 
natural disaster in the U.S.  

Center for Climate and Energy Solutions: https://www.c2es.org/content/heat-waves-and-climate-change/



Global extreme weather events on the rise 

Floods	 Drought	Mortality	

Wildfires	 Extreme	Temperature	Events	

https://www.gmo.com/docs/default-source/research-and-commentary/strategies/asset-allocation/the-race-of-our-lives-revisited.pdf?sfvrsn=4.  International Disasters database: https://www.emdat.be 



Hurricanes and 
Climate Change 

• Warmer water =  More fuel 
• Larger 
• More rain 
• Stronger wind = Higher 

category 
• Slower = More damage 
• Higher storm surge 
• Shifting away from equator 

Does	Global	Warming	Make	Hurricanes	Stronger?	h*p://www.realclimate.org/index.php/archives/2018/05/does-global-
warming-make-tropical-cyclones-stronger/	



1994 hurricane season 



2018 hurricane season 



Hurricane Michael, Florida Panhandle, October, 2018 



Hurricane Michael, Florida Panhandle, October, 2018 



By 2030 global 
water requirements 

will exceed 
sustainable water 
supplies by 40%. 

h*ps://www.dni.gov/files/documents/Special%20Report_ICA%20Global%20Water%20Security.pdf	



Freshwater withdrawals are already 
exceeding internal sources 

h*ps://ourworldindata.org/water-access-resources-sanitaVon#water-stress-and-scarcity	

17%	 22%	
52%	>1000%	

By 2050 water demand is projected to grow by 55% 



Food is less 
nutritious. 

 

Decreased 
zinc, iron, 

and protein 



Chunwu, Z et al (2018) Carbon dioxide levels (CO2) this century will alter the protein, micronutrients, and vitamin content of  rice grains with potential health consequences for the poorest rice-
dependent countries, Science Advances, May 23, v. 4, no. 5. Myers, S.S., et al. (2014) Increasing CO2 threatens human nutrition, Nature, 510, 139-142, doi: 10.1038/nature13179.  

Food staples grown under higher CO2 have up to 17% 
less protein, zinc, vitamin B complex, and iron. 



By 2050, an additional 300 million people will be 
malnourished, an additional 1.4 billion women and 

children are likely to have iron deficiency 

Smith,	M.R.,	and	Myers,	S.S.	(2018)	Impact	of	anthropogenic	CO2	emissions	on	global	human	nutriVon,	Nature	Climate	Change	8,	834-839	



Food	Shortages	
• Global	wheat	provides	20%	of	
human	protein.	

– Yield	is	threatened	by	drought,	
flood,	higher	CO2	

– By	2050	demand	will	increase	by	
60%	(9	billion	people)	

– But	wheat	yields	will	decline	by	
15%.	

Deutsch, C.A., et al. (2018) Increase in crop losses to insect pests in a warming climate, Science, 31 August, v. 361, Iss. 6405, p. 916-919 
Springmann, M. et al. Global and regional health effects of future food production under climate change: a modelling study. The Lancet, March 2, 2016 DOI: 10.1016/S0140-6736(15)01156-3. Myers et al, 2014 Increasing CO2 threatens human nutrition, Nature 510, 
139-142. Feng et al, 2015 Constraints to nitrogen acquisition of terrestrial plants under elevated CO2, Global Change Biology, DOI: 10.1111/gcb.12938 



Mora C, et al. (2017) Global risk of  deadly heat. Nature Climate Change 7, 501-506 

The Tropics are Becoming Unlivable 



Food and water shortages can lead to violent 
conflict, refugee crises 

Mora, C., et al. (2017) Global risk of  deadly heat. Nature Climate Change; DOI: 10.1038/NCLIMATE3322  



Violence, food and water scarcity drive people 
from their homelands  



Worldwide nearly 1% of  humanity are 
displaced from their homes 

 

h*p://www.pewresearch.org/fact-tank/2016/08/03/nearly-1-in-100-worldwide-are-now-displaced-from-their-homes/	

A growing refugee crisis is a global 
security crisis. 



Drought 
in Syria 

led to civil 
war and 

terrorism 

…worst	drought	in	
1000	yrs,	causing	
widespread	crop	
failure	and	a	mass	

migraVon	of	farming	
families	to	urban	

centers.		

…the	drought	had	a	
catalyVc	effect,	
contribuVng	to	
poliVcal	unrest.	















Syrian refugees flooded into 
Europe by the millions 



… creating a backlash among residents 



Sebastian Kurz..…campaigned 
on the need for tougher 

immigration controls, quickly 
deporting asylum-seekers 

whose requests are denied 
and outlawing the practice of 

Islam.	



Climate Kings 
How a new generation of  authoritarian leaders are using climate change to seize power. 





Oceans are hotter, more acidic, 
with 2% less oxygen 

Cheng LJ and Zhu J (2018) 2017 was the warmest year on record for the global ocean. Adv. Atmos. Sci.  Friedrich T et al (2012) Detecting Regional Anthropogenic Trends in Ocean Acidification 
against Natural Variability, Nature Climate Change. Takamitsu I et al (2017) Upper Ocean O trends: 1958-2015, GRL   



Four global bleaching events since 1998, none prior 

By 2050 >98% of  coral reefs will be 
afflicted by annual bleaching 

Heron, S.F., et al. (2016) Warming trends and bleaching stress of  the worlds coral reefs 1985-2012, Scientific Reports, 6, DOI:10.1038/srep38402 



Humanity has caused the loss of  83% of  
all wild mammals and 50% of  plants.  

Today, we are deforesting the planet at 
30 football fields per minute 



Of  all mammals on Earth, 96% are 
livestock and humans, 4% are wild.  

Bar-On, Y.O, Phillips, R., Milo, R. (2018) The biomass distribution on Earth, PNAS, 201711842; DOI:10.1073/pnas.1711842115 

Of  all birds, 70% are chickens and other 
poultry, 30% are wild.  



Over 15,000 scientists wrote “Humans have 
pushed Earth's ecosystems to their breaking point 
and are well on the way to ruining the planet.”  



All of  this is bad news…. But weʻre doing 
something about it, right? 



Carbon Dioxide Emissions 
Have Risen 3 yrs in a Row 

h*p://www.globalcarbonproject.org	

2.7%	



2018 - Demand for new 
energy grew 2.3% CO2 

emissions rose 2.8%  

Global	CO2	Emissions,	Energy	Related	

2014 											2015 			2016 												2017 					2018	
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CO₂ Emissions rose because climate policy could not overcome 
economic growth.  

 
The biggest factors pushing emissions down were energy efficiency & 

renewables, but they would have to be about three times larger to 
overcome economic growth.	

2018 - Demand for new energy grew 2.3%  
CO2 emissions rose 2.8%  

India	
U.S.	
China	

h*ps://twi*er.com/Peters_Glen/status/1110454130441707523.	IEA	(2019)	Global	Energy	and	CO2	Statu	Report,	h*ps://www.iea.org/geco/	
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Tim	Garre*	-	h*ps://twi*er.com/nephologue/status/1051218794679390209	Garre*,	T.	J.:	No	way	out?	The	double-bind	in	seeking	global	prosperity	alongside	miVgated	climate	change,	Earth	Syst.	Dynam.,	3,	1-17,	
h*ps://doi.org/10.5194/esd-3-1-2012,	2012.	

Price	Waterhouse	Consultants	(PwC)	h*ps://www.pwc.com/gx/en/issues/economy/the-world-in-2050.html	

Emissions	Follow	World	GDP,	+130%	by	2050	



• Energy demand set to grow >25% by 2040 
• Renewables make up only two-thirds of  new 

capacity 
• Oil consumption grows due to rising demand 

for petrochemicals, trucking, aviation, energy 
• CO2 emissions continue to increase to mid-

century 
https://www.iea.org/weo/ 



U.S.	Energy	InformaMon	AdministraMon		
Energy	ConsumpVon	increases	to	2040	for	all	fuels	but	coal		

h*ps://www.eia.gov/outlooks/ieo/exec_summ.php	

Market share roughly unchanged 



Global emissions must cut 50% by 2030 

http://www.ipcc.ch/report/sr15/ 

Rockström, J. et al. (2017) A roadmap for rapid decarbonization. Science, 355 (6331): 1269. Gasser, T., et al. (2015) Negative emissions physically needed to keep global warming below 
2oC, Nature Communications 6, DOI: 10.1038/ncomms8958.  

Global	Carbon	
Law	



• Global	Warming	is	
AcceleraVng	

•  Emissions	rising	
•  Emissions	cleaner	
•  Decreased	ocean	
circulaVon	

•  Pacific	releasing	heat	
(IPO)	

•  1.5oC	by	2030	
•  2.0oC	by	2045	

Xu, Y. et al. (2018) Global warming will happen 
faster than we think, Nature, v. 564, Dec. 6 



4oC	by	2080ʻs	



Thank You For Your Time 



Dr. Thomas Giambelluca
Professor
Department of Geography and Environment
University of Hawai‘i at Mānoa 

CLIMATE CHANGE PANEL 
DISCUSSION



Hawai‘i Climate Change and Water

Thomas W. Giambelluca
Department of Geography & Environment

University of Hawai‘i at Mānoa 

Board of Water Supply
Stakeholder Advisory Group – Workshop 30

Neal S. Blaisdell Center
25 April 2019



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!



Dr. Charles H. Fletcher, III (Chip)
Associate Dean for Academic Affairs and Professor of Earth Sciences
School of Ocean and Earth Science and Technology (SOEST)
University of Hawai‘i at Mānoa
Vice-Chair of the Honolulu Climate Change Commission 

CLIMATE CHANGE PANEL 
DISCUSSION



Global Sea Level Has Been Rising for 
Over a Century





Sea Level Rise has 
Accelerated

>2 ft by 2100



665 Billion Tons of  Ice Melt Each Year

Bamber, J.L., et al (2018) The land ice contribution to sea level during the satellite era, Environ. Res. Lett. 13 https://doi.org/10.1088/1748-9326/aac2f0

Greenland 37% Mountain Glaciers 34% Antarctica 29%



GRACE – Gravity Recovery & Climate 
Experiment, 2002-2017



Antarctic ice melt has ‘tripled 
over the past five years’

The IMBIE team (2018) Mass Balance of the Antarctic Ice Sheet, Nature, 558, pages219–222, https://doi.org/10.1038/s41586-018-0179-y 

Ice loss, Gigatons



Greenland faces a 66% chance that melting 
will become unstoppable at 1.8oC

Trusel, et al., 2018 Nonlinear rise in Greenland runoff in response to post-industrial Arctic warming, 104, Nature, v564, 6 December: https://doi.org/10.1038/s41586-018-0752-4 

Ice loss, Gigatons



Mountain Glaciers lost 9,625 billion tons of  
ice since 1961, raising sea level almost 1 ft

M. Zemp et al. Global glacier mass changes and their contributions to sea-level rise from 1961 to 2016, Nature (2019). DOI: 10.1038/s41586-019-1071-0



The ocean is 40% hotter than previously thought.

Cheng, L., et al. (2019) How fast are the oceans warming? Science, 2019 DOI: 10.1126/science.aav7619; Cheng L. J. Zhu, and J. Abraham, 2015: Global upper ocean heat content estimation: recent progress and the remaining challenges. Atmospheric 
and Oceanic Science Letters, 8. DOI:10.3878/AOSL20150031. ; Glecker, P.J., et al. (2016) Industrial era global ocean heat uptake doubles in recent decades. Nature Climate change. doi:10.1038/nclimate2915



How high will SL rise by 2100?

+ + = 0.8m

Antarctic ice loss Greenland ice loss Mountain glacier 
ice loss

Thermal expansion

+0.8m = 1m by 2100

E. Rignot (2019) pers. comm.:  http://sites.nationalacademies.org/SSB/SSB_191179



How High Sea Level?

• Very likely to rise 0.3–0.6 feet by 
2030 
• 0.5–1.2 feet by 2050 
• 1.0–4.3 feet by 2100 
• Emissions now and over the next 

20-30 yrs have little effect on SLR 
in the first half of the century 
• But significantly affect SLR for the 

second half of the century 
• Emerging science on Antarctica 

suggests, for high emission 
scenarios, a SLR exceeding 8 ft by 
2100 is physically possible
• It is extremely likely that SLR rise 

will continue beyond 2100 (high 
confidence).

https://science2017.globalchange.gov



NOAA & 4thNCA SL Scenarios

Sweet, W.V., et al. 2017 Sea level rise. In: Climate Science Special Report: Fourth National Climate Assessment, Volume I[Wuebbles, D.J., et al. 
(eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 333-363, https://science2017.globalchange.gov/chapter/12/

This means the lowest 2 scenarios 
are obsolete.

6.6 ft

5 ft

3.3 ft

8.2 ft



SLR Scenario Planning
decision-making under conditions of uncertainty 

Risk – Possibility of losing something of value
High possibility of lossLow possibility of loss
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NOAA 
Intermediate 

3.2 ft

NOAA 
Intermediate 

High 5 ft

NOAA High 
6.6 ft

NOAA 
Extreme 

8.2 ft

Adaptive Design: 
Roads, Parcels, New 
Buildings (homes), 

Parks

Major Public Infrastructure: 
Housing Projects, Transportation 
Systems, Drainage Engineering

High Investment, Dangerous Infrastructure: 
Power Plants, Waste and Storage Facilities

High Investment Dangerous 
Infrastructure: Power Plants, 
Waste and Storage Facilities

Major Public Infrastructure: 
Housing Projects, Transportation 
Systems, Drainage Engineering

Adaptive Design: 
Roads, Parcels, New 
Buildings (homes), 

Parks



SLR Flooding: Nuisance and Permanent

Time

Sea 
level

#1. Long term 
GMSLR 

#2. Temporary high tide flooding

• Permanent, accelerating 
inundation

• Arrives decades earlier than GMSL
• Has already started
• Accelerating frequency and magnitude



Storm Drain 
Backflow at 
High Tide

Disruptive High 
Tide Flooding 

by Mid-Century



2 ft

Disruptive High 
Tide Flooding 

by Mid-Century

Groundwater 
Inundation



Rain + High Tide = Flooding



Disruptive High 
Tide Flooding 

by Mid-Century

Groundwater 
Pollution



Summer wave run-up 2ft



Summer wave run-up 3ft



Coastal Erosion and Beach Loss



Department of  
Transportation

• 140 miles
• 120 bridges
• 10-15% all roads
• $7.5M per lane mile
• $14M per bridge
• $15B total



Sunset Beach 
3 ft of SLR

Erosion

Annual 
wave 

Run-up



Waikiki at 1m SLR



https://www.nature.com/articles/s41598-018-32658-x





SLR-XA



The 3.2SLR-XA
Location of  both King Tide Flooding and 

Permanent Inundation



























Thompson et al. (2019) A statistical model for frequency of coastal flooding in Honolulu Hawaii, during the 21st Century, JGR Oceans, 10.1029/2018JC014741 
UH Sea Level Center: https://uhslc-flooding-test.soest.hawaii.edu

1.5 m 2100

1 m 2100

31 d/yr

92 d/yr

282 d/yr

130 d/yr

High Tide Flooding in Coastal 
Honolulu by Decade



High Tide Flooding in Coastal 
Honolulu by Decade

Frequency of flooding quadruples from 50 to 
200 days per year on average from the 

2030ʻs to the 2040ʻs

More than 100 days of 
flooding is possible during the 

worst year of the 2030ʻs

Thompson et al. (2019) A statistical model for frequency of coastal flooding in Honolulu Hawaii, during the 21st Century, JGR Oceans, 10.1029/2018JC014741 
UH Sea Level Center: https://uhslc-flooding-test.soest.hawaii.edu



Thank you for your Time



Joshua Stanbro
Honolulu’s Chief Resilience Officer and Executive Director
Office of Climate Change, Sustainability and Resiliency
City and County of Honolulu

CLIMATE CHANGE PANEL 
DISCUSSION



Board of Water Supply 
Stakeholder Advisory 
Committee – April 25, 2019

City and County of Honolulu
Office of Climate Change, Sustainability
and Resiliency



The Resilience Office is a Charter-mandated City
office created to respond to climate change,
resilience, and other sustainability challenges.

Green 
City Operations

Ensure Sustainable
City Plans & Policies

Promote Resilient
Communities

Coordinate with 
Federal & State Agencies

Reduce Climate 
Emissions & Impact

Facilitate Climate 
Change Commission



Resilience
The capacity of 
individuals, communities, 
institutions, businesses, 
and systems to survive, 
adapt, and thrive no matter 
what kinds of chronic 
stresses and acute shocks
they experience.



Our Climate

ResilientOahu.org



Office of Climate Change, Sustainability and Resiliency

Climate Change is Now



Office of Climate Change, Sustainability and Resiliency





ResilientOahu.org



APRIL 
2018

ResilientOahu.org



Office of Climate Change, Sustainability and Resiliency

Shock or Stress



How do we roll the 
windows down?



Office of Climate Change, Sustainability and Resiliency

Early Progress

100% Renewable Ground Transportation 
Goal

35% Tree Canopy Commitment

LED Streetlights, Bike Lanes, Biki & 
Electric Bus Trials

Mayor’s Directive on Climate Change



Office of Climate Change, Sustainability and Resiliency

City Climate Change Commission 

• Required to meet at least 2x/yr
• First met on February 7, 2018
• Have met 12x in 13 months

www.resilientoahu.org/about-the-commission

http://www.resilientoahu.org/about-the-commission


Office of Climate Change, Sustainability and Resiliency

City Climate Change Commission 

June 5, 2018, adopted:
Climate Change Brief
Sea Level Rise Guidance

www.resilientoahu.org/guidance-and-publications

July 16, 2018, Mayor’s Directive on Climate Change
(Directive 18-2): “… the need for both climate change 
mitigation and adaptation… take a proactive approach in 
both reducing greenhouse gas emissions and adapting to 
impacts…”

www.resilientoahu.org/s/Mayors-Directive-18-02.pdf

http://www.resilientoahu.org/guidance-and-publications
https://www.resilientoahu.org/s/Mayors-Directive-18-02.pdf


Office of Climate Change, Sustainability and Resiliency

PROJECT DESIGN/REVIEW EXAMPLES

City Center rail station areas planning and design (HART )
Prior to Directive 18-2, proactively increased SLR design 

parameters from 2014 data to 2017 State Report data

Iwilei-Kapālama (DPP, DDC, CCSR )
Kapālama Canal, updated SLR data and design conditions 

for catalytic linear park project
I-K Infrastructure Needs Assessment

Sand Island Wastewater Treatment Plant Secondary 
Treatment Facility (ENV )

Inclusion of 6 ft SLR, high wave flooding, plus additional 
uncertainty risk factors for preliminary grading designs

Standard Comments for action reviews (DPP )



Office of Climate Change, Sustainability and Resiliency

Primary Urban Center Development Plan

https://www.pucdp.com/copy-of-background-documents

Land Use & Zoning Recommendations
Use of data
SLR-XA maps at summer workshops for targeted 

community engagement on land use strategies
Concurrently, TOD Climate Adaptation Guidelines 

(DPP, Resilience Office)

HB1487 HD1 SD2, “Establishes the Honolulu 
shoreline climate protection project…”

https://www.pucdp.com/copy-of-background-documents


Office of Climate Change, Sustainability and Resiliency

City-State-Federal Coordination, examples

 San Diego, CA: MOA between Commander, Navy 
Region SW and San Diego Unified Port District 
regarding Coordination and Cooperation Related to 
Potential Sea Level Rise in the San Diego Bay Region

 Norfolk & Virginia Beach, VA: Joint Land Use Study
for Navy installations located in the Cities of Norfolk 
and Virginia Beach

 State TOD Council Planning and Infrastructure 
Coordination between the State & City, Iwilei-
Kapālama

DPP, PUC DP
SLR and Climate Change White Paper



Change on the Horizon

Building Codes and Design 
Guidelines

Updated Shoreline 
Management

Long Term Recovery Plan
Flood Resilience

Stormwater Solutions
Coastal Partnerships
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Annual Sustainability Report
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Office of Climate Change, Sustainability and Resiliency

Annual Sustainability Report



Mahalo
Office of Climate Change, Sustainability 

and Resiliency
(808) 768-2277

resilientoahu@Honolulu.gov

resilientoahu.org 
Social Media: @ResilientOahu



Barry Usagawa
Program Administrator
Water Resources Division
Honolulu Board of Water Supply
City and County of Honolulu

CLIMATE CHANGE PANEL 
DISCUSSION



BWS Strategic Plan

Brown and Caldwell 1
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Impacts of Climate Change on Honolulu Water 
Supplies and Planning Strategies for Mitigation

April 25, 2019

Barry Usagawa, P.E., Water Resources, Board of Water Supply



• Evaluate climate change impacts on Honolulu Board of 
Water Supply (BWS) infrastructure and water supply

• Develop a suite of strategies to address the anticipated 
changes

This project supports Water Research Foundation’s (WRF) 
Climate Change Strategic Initiative objective to provide water 
utilities with a set of tools to assess their vulnerabilities and 
develop applicable adaptation strategies.

Objectives

Jointly funded by Honolulu Board of Water Supply and 
Water Research Foundation through Water Research 
Foundation’s Tailored Collaboration Program



The BWS Water System is Large and Complex

Brown and Caldwell 5



• Adaptive management is an iterative process for flexible decision making in 
the face of uncertainties

• Utilized scenario planning to consider a range of potential changing 
conditions

Project Approach

Vulnerabilities & adaptive management strategies identified for 3 time frames:
• Short-term (2020–2030)
• Mid-term (2030–2050) 
• Long-term (2050–2100)  

Goal is to develop policies and actions that encourage “no regrets” strategies. 



Vulnerability Assessment Approach



Downscaled Climate Models indicate a 
Range of Rainfall Futures

Climate Change - Rainfall Projections

Source: Figure developed by Abby Frazier April 2017

Recharge 
range: 
between 
-0.3% and 
+21.5% 

Recharge 
range: 
between 
-4% and 
-72% 



Brown and Caldwell 9

Current SY and Potential Range of SY from Climate Forecasts
Current: 407 mgd, Low: 300 mgd, High: 443 mgd



• Reduce per capita water demand from 155 gpcd to 100 gpcd through 
aggressive water conservation, like dual plumbing with recycled water 

• Storm water capture in Nuuanu and on-site for new development
• Expanded Reuse at Honouliuli, Mililani, Wahiawa and Schofield WWTP’s
• On-site reuse
• Increase transfers from Wahiawa and Waipahu Waiawa aquifers to Waianae 

and Honolulu.  Drill more wells in Wahiawa and Waipahu-Waiawa
• Assertion of Public Trust Water Rights for Domestic Use to retain water use 

permits in a revocation process
• More desalination in Ewa and possibly for Honolulu
• Desalinated reuse in Honolulu, Waianae and Hawaii Kai where wastewater 

effluent is too salty for irrigation
• Indirect or Direct Potable Reuse with RO desalination and UV/Ozone 

disinfection

Preliminary Supply Adaptation Strategies:

Brown and Caldwell 10

Recharge could decrease Oahu sustainable yields by ~27%. Statistical model
From 407 mgd to 300 mgd a difference of 107 mgd, Turk, Report #9, B&C. 



Infrastructure Impacts from 
Sea Level Rise



3.2 feet of SLR Exposure Areas on Oahu

Brown and Caldwell 12



24 Low Elevation/Coastal Water Pipeline Bridge 
Crossings may be subject to coastal erosion impacts. 



Corrosion impacts to 21 miles of metallic 
pipelines with 3.2’ of SLR by 2100
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Nimitz & Alakawa, July 3, 2018, 8:00 am,   Lowest high tide of the day.  Highest tide 1’ higher



2017 - King Tide - Waikiki

Courtesy of OCCSR



2017 - King Tide – Ala Wai Canal

Courtesy of OCCSR



2017 - King Tide - Mapunapuna

Courtesy of OCCSR



2017 - King Tide – Maunalua, Ala Moana

Courtesy of OCCSR



End-of-Century Sea Level Rise Could be Greater

Source: Habel et al. 2017

3 ft Sea Level Rise 4 ft Sea Level Rise

5 ft Sea Level Rise 6 ft Sea Level Rise



October 2018 21PRIMARY URBAN CENTER WATERSHED MANAGEMENT PLAN

Flood Insurance 
Rate Map (FIRM) 

* Special Flood 
Hazard Area:  

100-year 
flood plain 

*
*
*

*
*

*



Miami



•
•
•
•



Miami, WRA Webinar 2017



Miami, WRA Webinar 2017



Miami, WRA Webinar 2017



Miami, WRA Webinar 2017



Draft Adaptation Framework/Action Plan 

Brown and Caldwell 28



Brown and Caldwell 29

WRF Study Identified Two Candidate Pilot Areas for Sea Level Rise Adaptation

West Waikiki Iwilei

Possible Selection & Prioritization Criteria:
• Potential severity of social, economic, or environmental impacts

• Taxable real estate; flood impacts to pedestrians, commercial and recreation 
activities, tourism, transportation and infrastructure.

• Opportunity to add SLR adaptation measures with proposed improvements
• Ala Wai Flood Mitigation Project
• Iwilei Transit Oriented Development Plan



Iwilei Redevelopment Concept to Live with Water

Brown and Caldwell 30

Concept, For Illustration Only



The One Water Cycle



Research Team
Principal Investigators
• Dean Nakano, 
• Lynn Stephens, P.E.
• Jon Turk, P.G.
Project Team
• Susan Mukai
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Mahalo!                         Questions & Answers



SUMMARY AND NEXT STEPS

Dave Ebersold
Facilitator



Next Stakeholder Advisory Group meeting 

 Thursday, July 25, 2019
4:00 – 6:30 pm
Neal S. Blaisdell Center, Hawaii Suites
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