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MEMORANDUM

TO: ALL DEPARTMENT AND AGENCY HEADS

FROM: KIRK CALDWELL, MAYOR -J) v~

SUBJECT: CITY AND COUNTY OF HONOLULU ACTIONS TO ADDRESS CLIMATE

CHANGE AND SEA LEVEL RISE
I PURPOSE

To establish policies to address, minimize risks from, and adapt to the impacts of
climate change and sea level rise in accordance with the findings and
recommendations of the City and County of Honolulu (“City”) Climate Change
Commission (*“Commission”) Sea Level Rise Guidance (“Guidance”), and
accompanying Climate Change Brief (“Brief”), both adopted on June 5, 2018,
and the State of Hawai'i Sea Level Rise Vuinerability and Adaptation Report
(2017) (“Report”).

SUMMARY

The Report finds that for O'ahu specifically, with no actions, 3.2 feet of sea level
rise and its associated erosion, flooding, and waves will chronically impact,
displace, and/or permanently inundate:

* 9,400 acres of land (over half of which is designated for urban land uses);
$12.9 billion in building and land values, which does not account for public
infrastructure and other utilities;

13,300 residents;
3,880 structures; and
17.7 miles of major roadway.
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The Commission also stresses that impacts from high tide flooding will be
observed decades before permanent inundation by sea level rise. Tidal flooding
will become more frequent and more damaging as ocean levels rise. Even
smaller tide heights, when convergent with rainfall, will impede drainage leading
to flooded roads and properties, and disrupt traffic. Furthermore, the
Commission finds that, because of continued high levels of global carbon
emissions, it is reasonable to set as a planning benchmark up to 6 feet of sea
level rise in the latter decades of this century.

SCOPE

These guidelines shall apply to all executive branch departments and agencies.

POLICY

Each City department and agency shall, consistent with the Paris Agreement and
Chicago Climate Charter, consider the need for both climate change mitigation and
adaptation as pressing and urgent matters, to take a proactive approach in both
reducing greenhouse gas emissions and adapting to impacts caused by sea level
rise, and to align programs wherever possible to help protect and prepare the
infrastructure, assets, and citizens of the City for the physical and economic
impacts of climate change.

PROCEDURES
All City departments and agencies are required to:

1.  Use the most current versions of the Commission's Guidance and
accompanying Brief, and the Report and associated Hawai'i Sea Level Rise
Viewer as resources for managing assets, reviewing permitting requests, and
assessing project proposals; and

2. Consider how sea level rise and associated climate change risks will impact
the City's residents and visitors, infrastructure, communities, policies and
programs, investments, natural resources, cultural and recreational sites, and
fiscal security; and

3. Use the Guidance, Brief, and Report in their plans, programs, and capital
improvement decisions, to mitigate impacts to infrastructure and facilities
subject to sea level rise exposure, which may include the elevation or
relocation of infrastructure and critical facilities, the elevating of surfaces,
structures, and utilities, and/or other adaptation measures; and
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VL.

4. Develop place-specific guidance for shoreline policy changes based on

additional policy guidance from the Climate Change Commission regarding:
new regulations; management procedures for affected coastal assets; and,
additional sea level rise projections that are as specific as possible, regularly
updated, and delineate associated impacts; and

9. Work cooperatively to develop and implement land use policies, hazard
mitigation actions, and design and construction standards that mitigate and
adapt to the impacts of climate change and sea level rise; and

6. Work cooperatively to propose revisions to amend shoreline rules and
regulations to incorporate sea level rise into the determination of shoreline
setbacks and Special Management Area considerations for the safety and
welfare of people and structures, provision of municipal services, as well as
the protection of open space, the environment, public access to and along the
shoreline, public trust resources including beaches, and public use and
enjoyment of these resources; and

7. Work cooperatively to develop a process to review applications for new
development in shoreline areas in conjunction with other agencies and entities
with expertise in shoreline hazards and erosion in order to protect and
enhance open space, the environment especially beaches, public access to
and along the shoreline, public safety, and public resources; and

8. Work to conserve and enhance a natural, dynamic shoreline wherever
possible. Temporary emergency measures may be utilized to address acute
erosion events, especially on sandy beaches, where consistent with these
guidelines and in alignment with other agencies. Permitting permanent
shoreline armoring is generally inconsistent with this directive and should only
be considered as a last resort where it supports significant public benefits and
will result in insignificant negative impacts to coastal resources and natural

shoreline processes.

RESPONSIBILITIES

All City departments and agencies under the Mayor's jurisdiction shall work
cooperatively fo ensure the success of the missions outlined above. Independent
agencies, City-affiliated entities, and City-related institutions are also strongly
encouraged to work to help advance these efforts and adopt similar initiatives,
where applicable. All actions and outcomes shall be in accordance with applicable
local, state, and federal laws.



All Department and Agency Heads
July 16, 2018
Page 4

Vil. GENERAL

This Directive shall take effect immediately and remain in effect until amended or
rescinded in writing by the Mayor. The current version of the Hawai'i Sea Level
Rise Vulnerability and Adaptation Report may be found at
https://climateadaptation.hawaii.gov.

Attachments:
Sea Level Rise Guidance
Climate Change Brief



SEA LEVEL RISE GUIDANCE ADOPTED: JUNE 5, 2018
City and Counly of Honolulu - Climate Change Commission

PURPOSE

Pursuant to the Revised Charter of Honolulu ("RCH") Section 6-107(h), the City and County of Honolulu (“City") Climate Change
Commission is charged with galhering the latesl science and information on climate change impacts to Hawai'i and providing
advice and recommendations to the mayor, City Council, and execulive departments as they look to draft policy and engage in
planning for future climale scenarios and reducing Honolulu's conlribulion lo global greenhouse gas emissions. This report
provides a description of findings and recommendaticns with regard to adapting o sea leval rise,

INTRODUCTION

There has been considerable detailed research on the global and local implications of accelerating sea leve! rise. This report by
the City Climate Change Commission builds on findings in the Hawai'i Sea Leve! Rise Vulnerability and Adaplation Report
(2017), Sweet et al. (2017), USGCRP (2017), Sweet ot al. (2018), and other scientific literature to provide specific policy and
planning guidance an responding to sea level rise by the City.

SUMMARY OF KEY FINDINGS

1. The projected median global temperature increase this century is 5.8°F (3.2°C).}

a. The likely range of global temperature increase is 3.6 to 8.8°F (2.0 to 4.9°C), with a 5% chance that it
will be less than 3.6°F (2°C) and a 1% chance that it will be less than 2.7°F {1.5°C} by the end of this
century.?

2. Relative to the year 2000, the projecled rise of global mean sea leve) (GMSL) by the end of this centuryis 1.0to 4.3 f
{0.310 1.3 m).3

a. Relalive to the year 2000, GMSL. is very likely (90 to 100% confidence} to rise 0.3 to 0.6 ft (0.09 10 0.18 m) by

2030, 0.5 10 1.2 t {0.15 to 0.36 m) by 2050, and 1.0 to 4.3 / (0.3 {0 1.3 m) by 21004
3. High tide flooding will arrive decades ahead of any GMSL rise scenari.5

a. Table 1 {supplementary information) provides estimates of when minor high tide flooding will arrivain
Honolulu 6, 12, and 24 days per year,

b. Based on the location of the Honolulu Tide Station,® high tide flcoding will occur by mid-century, and as early
as 2028, at least two dozen times per year, at certain localions in the 3.2SLR-XA.2

4. Modaling resulls, as mapped in the Hawal'i Sea Level Rise Viewer,! raveal a critical elavation in GMSL rise between
2.0and 3.2 it (0.6 to 1 m) relative to mean higher high water.s

8. Thisis a critical range of rising sea level where there is a rapid increase in the amount of land exposed to
hazards on low-lying coastal plains, such as characterize the urbanized south shore of 0'ahu.

b. Thisis a dangerous elevation range, where reacting after the fact to establish adaptation strategies is likely
to be less successful and costlier than taking proactive measures.

5. Globally, energy-related carbon dioxide emissions are projected to grow an average 0.6% per year between 2015 and
2040, 1.3% per year below the level from 1990 to 2015.7

6. Future emission pathways have (ittle effect on projected GMSL rise in the first half of the century, but significantly affect
projections for the second half of the century.®

a, Table 2 (supplementary informalion) provides estimates of projected GMSL under NOAA scenarios.$

7. Regardless of emissions pathway, it is exiremely likely (95 to 100% confidence) that GMSL. rise will continue beyond
2100.10

8. The world’s major ice systems including Antarclica and Greenland, " and the mountain glaciers'2 of the world are
all in a state of decline.

1“SLR-XA" is an acronym that stands for sea Jevel rise-exposure area. The Hawai'l Sea Level Rise Vulnerability and Adaptation Report (2017)
recommends (p. 217} that the SLR-XA at 3.2 ft (0.98 m) of sea Jevel rise be recognized as a state-wide wulnerability zone and that it be
employed by agencies to formulate comprehensive adaptation sirategies, 3.2 ft (0.93 m) of sea level rise is modeled by Church et al, {2013) as
the worsl case scenario at the end of the century. However, the scenario does not take into account potential Instability in marine-based
seclors of the Antarclic [ce sheet.

b The online Hawai'i Sea Level Rise Vieweris served by the Pacific Islands Ocean Observing System at the School of Ocean and Earth
Sclence and Technology, University of Hawai'l at Manoa: hitp:iwww.pacioos.hawail edu/shoreline/slr-hawaiif

¢ Mean higher high water (MHHW) is the average of the higher high watar height of each tida! day cbserved over tha Nalignal Tidal Datum
Epoch, a 19 year period dalermined by the National Oceanic and Atmospheric Administration.
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a. Research indicales thal on mulliple occasions over the past three million years, when global lemperatures
increased 1.8 lo 5.4°F (1 {o 3°C), melling polar ice sheets caused global sea levels o rise at least 20 & (6 m)
above present levels.?

b. If almospheric warming exceeds 2.7 to 3.6¢F (1.5 to 2°C) above present (ca. 2015), collapse of the major
Anlarclic ice shelves triggers & centennial- to millennial-scale response of the Antarctic ice sheel that
produces a long-term commilment (zn unstoppable conlribution) to sea-level rise.” Substantial Antarclic ice
loss can be prevented only by limiting greenhouse gas emissions 1o RCP2.6¢ lavels, Higher-emissions
scenarios lead to ice loss from Antarctica that will raise sea level by 1.9 to 9.8 ft (0.6 to 3 m} by the year
2300.1s

¢. Anlarctica has the potential to contribule mare than 3.28 fi {1 m) of sea-level rise by 2100 and more than
49.2 ft {15 m) by 2500, if emissions continue unabated. In this case atmospheric warming will soon become
the dominant driver of ice loss, but prolonged ocean warming will defay its recovery for thousands of years.'6

d. Emerging science regarding Antarclic ice sheet stability suggests that under high emission pathways, a
GMSL rise exceading 8 it (2.4 m) by 2100 is physically possible. 17

e. The Greenland ice sheet is more sensitive to long-term climate change than previously thought. Studies?s
estimate that the warming threshold leading to an essentially ice-free state is in the range of 1.4 to 5.8°F {0.8
to 3.2°C), with a best estimate of 2.9°F (1.6°C) above preindustrial levels, The Arctic is on track to double
this amount of warming before mid-century.

f.  Further melting of mountain glaciers cannot be prevented in the current century - even if all emissions were
stopped now.29 Around 36% of the ice still stored in mountain glaciers today will melt even without further
emissions of greenhouse gases. That means: more than one-third of the glacier ice that still exists loday in
mountain glaciers can no longer be saved even with the most ambitious measures.

9. Rising seas threaten human communities and natural ecosystems in multiple ways.

a. Urbanized coastal areas become increasingly vulnerable to four types of flooding during high water and high
wave evenls:

1) Flooding across the shoreline due to wave run-up.

2) Saltwater intrusion of engineered drainage systems.

3) Groundwaler inundation.2!

a} Intrusion of buried infrastructure and other buried assets that are not sealed.
b) Fomation of new wellands, initially concurrent with high lide.

4) Rainstorms, especially concurrent with high tide.

b. Land loss and coastal erosion.

1)  Ifthe back-beach area is compased of sand-rich dunes, sandy paleo shoreline deposits, or high
wave sand berms, the released sand nourishes the relreating beach.

2} I the back-beach area is hardened, a beach is prevented from retreating. This leads to beach
erosion, beach narrowing, and beach loss. Hardening has caused at least 5.4 mi (8.7 %m) of
beach loss on O'ahu.2

c. Saltwater will intrude streams and coastal weflands, Increasing the salinity of the eavironment and
threatening low-lying agriculture {e.g., kalo farming) and wildlife sanciuaries.

d. Wave, and eventually still water overtopping of Lok i'a kuap {fishpond walls) will increase.

1) Interior circulation will change (including at makaha).

2} Upland discharge into the pond will change,

3} Fishpond connections o the shore will become unstabla.

e. Wave energy at the shore will increase.

1) Muddy shore deposils may be released.

f.  Damaging flooding will increase when hurricanes, tsunamis, and seasonal high waves strike.

g.  Annual high waves, which arrive in Hawal'i seasonally, will fiood further landward and cause more damage,
as sea level continues to rise.

¥ To provide guidance for developing mitigation and adaptation stralegies, scientists have defined four different 21# century pathways of
greenhouse gas emissions calied "RCP's” for Represenlative Concentralion Palhways. The RCP's Include a stringent mitigation scenario
(RCP2.6), two intermediate scenarios (RCP4.5 and RCP6.0), and one scanaria wilh very high greenhouse gas emissions (RCP8.5).
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RECOMMENDATIONS

Given the tools avaitable lo planners, stakehclders and policy-makers with the Hawai'i Sea Leve! Rise Viewer, the NOAA SLR
Viewer, and the Climate Ceniral-Surging Seas Risk Finder,* the City Climate Change Commission, pursuant to RCH Saction 6-
107{h}, recommends that:

1.

The mayor, City Council, and executive departments of the City utilize the 2017 Hawai'i Sea Level Rise Vulnerability
and Adaptation Reporl {hereafter "Report”) and online Viewer, for baseline planning activity and infrastructure
assessment and development with regard to sea level rise.

The research finds thal it is reasonable {o set as a planning benchmark up to 3.2 fi {~1 m; 3.25LR-XA) of GMSL rise by
mid-century as it will be an area experiencing chronic high tide flooding,

The research finds that it is reasonable to set as a planning benchmark up to 6 f (1.8 m; 6SLR} of GMSL rise in the
later decades of the cenlury, especially for critical infrastructure with long expected lifespans and low risk tolerance, as
it will be an area experiencing chranic high tide flooding,

The Special Management Area (SMA} boundary be revised to Include parls of the 3.2SLR-XA that are not currently in
the SMA.

Disclosure of all lands be required in the 3.25LR-XA and 6SLR.
a. Disclosure on all real estate sales, Gily Property Information Sheets, and all other real estate fransaclions.

The 3.25LR-XA and 6SLR be adopted as a vulnerabllity zone (hazard overlay) for planning by the City,

a. The hazard overlays should be used for planning purposes, for example in the general plan, all development
plans, and sustainable community plans.

That all City departments and agencies be directed fo use the Report, the 3.2SLR-XA, and the 6SLR in their plans,
programs, policles, and capital improvement decisions, to mitigata impacls to infrastructure and critical facilities related
fo sea level rise.

Alt ordinances related to land development, such as policy plans and regulations should be reviewed and updaled, as
necessary.

Relevant City departmenis and agencies be supporied with adequale resources and capacity to implement these
recommendations and proactively plan for sea level rise, as it will rapidly become & major challenge to City functions.

The City Climate Change Commission adopts the precautionary principle and a scenario-based planning approach and supports
these recommendations as planning targets informed by the best avallable science. This set of recommendations are important
each and in their own right and are designed to complement each other and be implemented logether. Implementing one does
not eliminale the need to adopl the others. The City Climate Change Commission fully acknowledges that here is uncertainty in
the iming and magnitude of sea level rise projections globally and for Hawai'i. This Is a living document that will be updated as
additional information becomes available.

* Surging Seas Viewer: hitps-/iriskfinder.climatecentral.org/county/honolulu-county.hi.us?comparisonTypa=postal-
code&forecastType=NOAA2017_int_pSD&level=38unit=f
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SUPPLEMENTARY INFORMATION

NOAA has published a model of high tide flooding for the Hanolulu Tide Station (Sweet et al., 2018). Relative to MHHW, the
threshold for minor high lide floading is 1.7 ft {0.52 m}, for moderale high tide flooding is 2.6 ft (0.8 m), and for major high tide
flooding is 3.8 ft (1.17 m}. High lide flooding will arrive decades ahead of global mean sea level! rise.

High tide flooding, as defined by NOAA, has never occurred at the Honolulu Tide Stafion as none of these thresholds has ever
been crossed. Table 1 provides estimates of when minor high tide flooding will arrive in Honolutu 6, 12, and 24 days per year
using the NOAA mode!.

Table 1 - When will minar {0.52 m) high tide flooding occur in Honolulu?
Scenario 6 x per year 12 x per year 24 x per year
Intermediate Scenario 2038 2041-2042 2044-2045
Intermediate High Scenario 2030 2033 2035-2036
High Scenario 2025-2026 2028-2029 2030-2031
Extreme Scenario 2024 2026 2028-2029

Because of the exponential nalure of the NOAA sea leve! scenarios, the doubling time of high tide flooding is rapid in a
scenarios. High tide flooding events are lkely to cluster around the summer and winter solstices. High tide flooding will ocour first
al certain locations in the 3.2SLR-XA as defined in the Hawai'l Sea Level Rise Vulnerability and Adaptation Report {2017).

High fide flooding can lake several forms. Beach erosion will be pronounced during high lide ficoding events. Storm drain
flooding will occur where marine waler blocks drainage and spills out onto the sireet, or where runoff cannot drain and causes
flooding around storm drain sites. Groundwaler inundation wilf develop where the water table rises to break the ground surface
and creates a wetland.

Al firsl this flooding will be most common when high tide and pregipitation occur simultaneously, but eventually will accur without
precipitation at high tide. Rainfall that occurs at high tide when storm drains are blocked and the ground is saturated will lead to
widespread flooding. Marine fiooding will occur at high tide when seawater flows across the shoreline. Wave flooding will ocour at
high tide during typical seascnal swell evenls as waves run-up past the shoreline and into the backshore. Tsunami and storm
surge occurring at high tide will cause greater flood damage than historically.

Global mean sea level will fise 3.2 ft (~1 m) relative to the year 2000. NOAA (Sweet et al., 2017) has published scenarios that
provide estimates, by decade, of when GMSL will hit this benchmark (Table 2),

Table 2 - When will global mean sea level rise 3.2 feet {~1 m)?

Intermediale Scenario end of the century
Intermediate High Scenario decade of the 2080's
High Scenario decade of the 2070's
Extrame Scenario decade of the 2060's

Gravitational forces will cause regional sea Jevel in the North Central Pacific to rise above the global mean (Spada et al,, 2015).
NOAA suggests planners use higher scenarios for large projects with low risk lolerance. This recommendation is alse made by
the U.S. Army Corps of Engineers.

Modeling of sea level rise impacts on O'ahu (Report} reveals the following:

1. Homes and businesses on O'ahu's shorelines will be severely impacled by sea level rise. Nearly 4,000 structures will
be chronically flooded with 3.2 R (~1 m) of sea level rise (Figure 1).

2. Ofthe 9,400 acres of fand located within the 3.2SLR-XA, over half is designaled for urban land uses, making O'ahu the
most vulnerable of all the islands.
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3. With 3.2 ft {~1 m} of sea level rise, almost 18 mi (30 km) of O"ahu’s coaslal roads will become impassible, jeopardizing
access to and from many communities.

4. O‘ahu has lost more than 5 mi (8 km) of beaches to coaslal erosion fronting seawalls and other shoreline armoring.
Many more miles of beach will be lost with sea leve! rise if widespread armoring is allowed. In the Report, Chapler 5
{Recommendations) explores opportunities to reduce beach loss by improving beach prolection policies.

5. Amore detailed economic loss analysis is needed of O'ahu’s critical infrastructure, including harbor facilities, airport
facilities, sewage trealment plants, and roads. State and City agencies should consider potential long-term cost
savings from implementing sea level rise adaplion measures as early as possible (e.g., relocating infrastruclure sooner
than later) compared lo the cost of maintaining and repairing chronically threatened public infrastructure,
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Figure 1. Sea level rise impacts on O'ahu.

City and County of Honolulu - Climate Change Commission 5



REFERENCES, ADDITIONAL READING, AND ENDNOTES

Anderson, T.R., et al. {2015) Doubling of coastal erosion under rising sea level by mid-century in Hawai'i. Natural Hazards,
78(1), 75-103. hilps:/fdoi.org/10.1007/s11069-015-1698-6.

Anderson, T.R., et al. (in review) Modeling recurent sea level rise stresses reveals 50% more land at risk. Manuscripl.

Church, J.A, et al. (2013) Sea Level Change. In: Climate Change 2013: The Physical Science Basis. Contribution of Working
Group I fo the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., et al., eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

Dutton, A, et al. (2015) Sea-level rise due to polar ice-sheet mass loss during past warm periods, Scisnce, 10 Jul,, v. 349, Is.
6244, DOI; 10.1126/science.aaad018

EIA {2017} International Energy Outlook 2017, L).S. Energy Informalion Administration,
https:/fwww.ela.govioullooks/ieo/pdfi0484(2017).pdf

Fletcher, C.H., et al. {2012} National assessment of shoreline change: Hislorica! shoreling change in the Hawaiian islands: U.S.
Geological Survey Open-File Repori 1051,

Golledge, N.R., et al. {2015) The multi-millennial Antarctic commitment to future sea-level rise, Naturs, 2015; 526 (7573): 421
BOI: 10.1038/nature15706.

Habel, 8., et al. (2017) Development of a model to simulate groundwater inundation induced by sea-level rise and high tides in
Henoluly, Hawat'i, Water Research. ISSN 0043-135.http://dx.dol.org/10.1016/.watres.2017.02.035

Hawai' Sea Level Rise Vulnerability and Adaptation Report (2017} Prepared by Tetra Tech, Inc. and the State of Hawal'i
Depariment of Land and Natural Resources, for the Hawai'i Climate Mitigation and Adaptation Commission Office of
Conservalion and Coastal Lands, under the Stale of Hawai'f Department of Land and Natural Resources Contract No: 64064.

Kane, H.H., et al. (2015) Modeling sea-leve! rise vulnerability of coaslal environments using ranked management concemns.
Climale Changs. DOI 10.1007/s10584-015-1377-3

Kopp, R.E., et al. (2017) Evolving understanding of Antarclic ice-sheel physics and ambiguity in probabilistic sea-level
projections, Earih's Future, 5, 1217-1233, hitps://doi.org/10.1002/2017EF000663, Dec. 13.

Lentz, E.E., et &!. (2016) Evaluation of dynamic coastal response (o sea-tevel rise modifies inundation likelihood. Nature Climale
Change, 6, 696-700, doi:10.1038/nclimate2957.

Levarmann, A., et al. (2013) The multimillennial sea-level commitment of global warming: Proceedings of the National Academy
of Sciences, July 15, DOI: 10,1073/pnas. 1219414110,

Raftery, A.E., et al. (2017) Less than 2°C warming by 2100 unlikely, Nature Climate Change, 7, 637-641, DOI:
10.1038/nclimalal352,

Rockstrom, J., et al. (2017) A roadmap for rapid decarbonizalion. Sciencs, 355 (6331); 1269 DOI: 10.1126/science.aah3443

Romine, B.M., &l al. {(2016) Beach erosion under rising sea-level modulated by coastal geomorphology and sediment availability
on carbonale reef-fringed island coasts. Sedimentology, 63(5), 1321-1332.

Spada, G., el al. (2013} The gravitationally consislent sea-level fingerprint of fulure terrestrial ice loss. Geophysical Research
Letters, 40, 482486,

Sweet, W.V,, et al. (2017} Global and regional sea level rise scenarios for the United States, NOAA Technical Repart NOS CO-
OPS 083.

Sweet, W.V., et al. (2018) Palterns and projections of high tide flooding along the U.S. coastline using a common impact
threshold. NOAA Technical Report NOS CO-OPS 086,

Tollefson, J. {2018) Can the world kick its fossil fue! addiction fast enough? Nature, 556, 422-425, DOI: 10.1038/d41586-018-
04931-6.XXX

USACE, Frequently Asked Questions about the Sea Level Rise Planning Tool, "Which sea level rise scenario should | use?”
hiip:iwww.carpsclimate us/Sandy/FAQs.asp

Cily and Countly of Honolutu - Climate Change Commission [



USGCRP, 2017: Climate Science Special Report: Fourth National Climate Assessment, Volume | [Wuebblss, D.J., et al., eds.).
U.S. Global Change Research Program, Washington, DC, USA, 470 pp, doi: 10.7930/J0J964.6.

' Raftery, A.E., el al, (2017) Less than 2°C warming by 2100 unlikely, Nafure Climate Change, 7, 637-641, DOI: 10.1038/nclimate3352.

2 Raftery et al, (2017}

I USGCRP (2017} Climala Science Special Report: Fourth National Climale Assessment, Volume | [Wuebbles, D.J., el al, eds.]. U.S. Global
Change Research Program, Washington, DC, USA, 470 pp, doi: 10.7930/J0J964J6.

4 USGCRP {2017)

§ Sweel, W.V,, et al, {2018} Pattems and projections of high tide flooding along the LS. coastine using a common impact threshold. NOAA
Technical Repest NOS CO-OPS 086.

& Sweet et al (2018)

7 £1A (2017} Intemalional Enargy Outlook 2017, .S, Energy Information Administration, htips:fwww.ela.govioutlooksfiec/pdfi0484(2017}.pdf
8 Sweet, W.V., etal. (2017) Global and regional sea level rise scenarios for the United States, NOAA Technical Report NOS CO-OPS 083.

9 Sweet el al. (2017}

¢ USGCRP (2017)
't Data from NASA's GRACE sateflites show that the land ice sheets in both Antarclica and Greenland have been losing mass since 2002,

Both ice sheets have seen an accelaration of ice mass loss since 2008; htips:iclimate.nasa.gov

1 Marzeion, B., et al. (2018} Limited influence of climate change mitigation on short-tarm glacier mass loss, Nafure Climale Change,

DOI: 10.1038/s41558-018-0093-1

3 Dutton, A., el al. (2015) Sea-level rise due to polar ice-sheet mass loss during past wam petiods, Sclence, 10 Jul,, v, 349, Is. 6244, DOI:
10.1126/science.a2a4013

" Golladge, N.R., el al. (2015) The muli-millennial Antarciic commitment lo future sea-level rise, Naturs, 2015; 526 (7573): 421

DOI: 10.1038/nature15706.

15 Golledge et al. (2015)

16 DeConto, R.M. and Pallard, D. {2016} Contribution of Antarclica to past and future sea-level rise, Nalure, 531 (7596).591-597.

7 USGCRP {2017)

18 Robinson, A., el al. (2012) Multistability and Critical Thresholds of the Greentand Ice Sheel, Nature Climale Change, 2, 429432, doi:
10.1038/NCLIMATE 1449

 Smith, 5.J., et al, (2015) Near-term acceleration in the rate of temperalure change, Nature Climale Change, March 9, DOI;
10.1038/nclimate2552.

2 Marzelon et al. (2018}

3 Habel, 5., et al. {2017) Development of a mede! to simulate groundwater inundation induced by sea-level rise and high tides in Honolulu,
Hawai'i, Waler Research. ISSN 0043-135 http:/idx.dol.ong/10.1016/.watres.2017.02.035

2 Flaicher, C.H., el al, (2012) Nalional assessment of shorefine change: Historical shorefine change in the Hawaiian Islands: U.S, Geological
Survey Open-File Report 1051.

City and Counly of Honoluls - Climale Change Commission



CLIMATE CHANGE BRIEF ADOPTED: JUNE 5, 2018
Cily and Counly of Honolulu - Climale Change Commission

PURPOSE

Pursuant to the Revised Charter of Honolulu {"RCH") Section 6-107(h}, the Cily and County of Honolulu (“City") Climate Change
Commission is charged with gathering the latest science and information on climate change impacts to Hawai'i and providing
advice and recommendations to the mayor, City Council, and execulive departments as they fook to draft policy and engage in
planning for fulure climate scenarios and reducing Honolulu's contribution fo global greenhause gas emissions.

To establish the factual basis and broad impact of climate change, the City Climate Change Commission adopls this CLIMATE
CHANGE BRIEF - JUNE 5, 2018. This document describes the local, reglonal, and global impacts of climate change as
documented by the peer-reviewed scientific literature and credible empirical data sources. It provides a benchmark for the
commission, attesling to our concern, underpinning our decisions and recommendations, and serving to inform those we sarve,

The information in this report refnforces the need for an urgent and sweeping transformation in our energy sources, food
syslems, and land-use practices to achieve a decarbonized world economy. Mitigation of future climate change must be
achieved to avoid the very worst aspects of global warming. In the words of Dr. Jim Hansen, former chief scientist at the NASA
Goddard Insltilute of Space Science, “There is a possibility, 2 real danger, that we will hand yaung people and future generations
a climate system that is practically out of their control... we have a global emergency. Fossil fuel CO; emissions should be
reduced as rapidly as practical ™

Because many changes in global biogeochemical systems have been irreversibly sel into molion, and these threaten the health
and welfare of human populations, it is important that the City and County of Honotulu take bold steps to reduce greenhouse gas
emissions and build sustainability and resilience in the face of a rapidly changing climate.

INTRODUCTION

Excess heal, trapped by the anthropogenic greenhouse gases carbon dioxide, methane, nitrous oxide, and others in the
almosphere, is causing dramalic changes in ecosystems, the ocean, weather pattems, and other climate-dependent aspects of
Earth's surface. Hawai',, and other Pacific istands are Impacted, and these impacts are growing.?

The negative impacts of climate change fall disproportionally on disadvantaged groups in a type of *vicious cycle”.? Initial inequity
or vulnerabilities can be exacerbated by climate change; for example, low-income people are less likely to have air conditioning
and can be much more susceptible lo the effects of a heal wave. This in tum lowers the ability of already disadvantaged groups
to cope and recover. it is important to recognize and resolve the impacts of climate change on vulnerable pepulations as the Cily
pivols to meet the challenges of climate change.

Unrelenting impacts to Earth's ecosystems? and natural resources have led researchers lo conclude that our planet is perched
on the edge of a tipping point?, a planetary-scale critical transition resulting from human impacts.$ These changes include the
following.

will be less than 3.6°F (2°C), and a 1% chance that it wil
O SIOMDE be less than 2.79F (1.50C)."
e Carbon dioxide levels in the air hava passed 410 ppm The last time it was this warm, 125,000 years ago, global
compared to a natural level of 280 ppm? - an increase of sea level was 20 fi (6.6 m) higher,12 13 14
over 45%. This is the highest leve in millions of years.5 Almospheric humidity Is rising. 15
+ Today, release of planet-warming carbon dioxide is ten The global water cycle has accelerated, 16

times faster than the most rapid evant in the past §6 *  Alrtemperalure aver the oceans is rising.””
PRI Yoeim, WoT 27 S8k oid pact ited the HAWAI1 ~ LOCAL AND REGIONAL IMPACTS
TEMPERATURE Alr Temperature

*  In Hawaif, the rate of warming air temperature has
increased in recent decades. Currently, the air is
warming at 0.3°F (0.17°C) per decade, four fimes faster
than half a century ago.!®

»  Global temperature has risen approximately 1.89F {10C)
from the late 19 Century. 1

*  The likely global temperature increase this century is a
medfan 5.76°F (3.2°C). There is only a 5% chance that it
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» Slatewide, average alr temperature has risen by 0.76°F
(0.42°C} over the past 100 years, and 2015 and 2016
were the warmest years on record.

s Warming air temperatures |ead to heat waves, expanded
pathogen ranges and invasive species, thermal slress
for native flora and fauna, Increased electricity demand,
increased wildfire, potential threats lo human health, and
increased evaporation which both reduces water supply
and Increases demand. Rapid warming at highest
elevations impedes precipitation, the source of Hawaif's
freshwater. 2t

»  During the sirong Ei Nifio of 2015, Honolulu set or tied
11 days of record heat.?' This compelled the local
energy utility to issue emergency public service
announcements to curtail escalating air conditioning use
that stressed the electrical grid.

»  Some model projections for the late 21< century indicate
that surface air temperature over land will increase 1.80
to 7.2¢F (2° 1o 4°C} with the grealest warming at the
highest elevations and on leeward sides of the major
islands.2?

s Under continued strong greenhouse gas emissions, high
elevations above 9,800 ft (3000 m) reach up to 7.2° to
9¢F (4 to 5°C}) warmer temperalures by the late 21%t
Century.®

Wind and Precipitation

o  The frequency of gale-force winds is increasing in the
western and south Pacific but decreasing in the centra!
Pacific. =

e  Awerage daily wind speeds are slowly declining in
Honolulu and Hilo, while remaining steady across
western and south Pacific sites.2

o Studies indicate there will be future changes to winds
and waves due to climate change, which affecls
ecosystems, infraslructure, freshwater availability, and
commerce.??

»  Hawai'i has seen an overall decfing in rainfall over the
past 30 years, with widely varying precipitation pattems
on each island. The period since 2008 has been
patticularfy dry.28

s Declining rainfall has eccurred in both the wet and dry
seasons and has affected all the major islands. On
O'ahu, the largest declines have ogcurred in the northemn
Ko'olau mountains.?

¢ Heavy rainfall events and droughts have become more
commaont, increasing runoff, erosion, flooding, and water
shorlages.3®

¢  Conseculive wet days and consecutive dry days are
both increasing in Hawai'i.3!

»  Thare is disagreement regarding precipitation at the end
of the century.® Mode! projections range from small
increases o increases of up lo 30% in wet areas, and
from small decreases to decreases of up to 60% in dry
areas 3 ¥
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Generally, windward sides of the major islands will
become cloudier and wetter. The dry leeward sides will
generally have fewer clouds and less rainfall.3

Siream flow in Hawal'i has declined over approximalely
the past century, consistent with observed decreases in
rainfall.% This indicates decfining groundwater levels.
More frequent fropical cyclones are projected for the
waters near Hawai'i. This fs not necessarily because
there will be more storms forming in the east Pacific;
rather, itis projected that storms will follow new tracks
that bring them inlo the region of Hawai'i more ofien. 3

Ef Nifio-Southern Oscillation

Freguency of intense El Nifio events is projecled to
double in the 21st century, with the likelihood of exireme
events occuming roughly once every decade.

Models project a near doubling in the frequency of future
extreme La Nia events, from one in every 23 years to
one in every 13 years. Approximately 75% of the
increase occurs in years following exireme El Nifio
events, lhus projecting more irequent swings between
opposile extremas from one year lo the next,2?

Strong El Nifo years in Hawai'i bring more hot days,
intense rains, windless days, active hurricane seasons,
and splkes in sea surface temperature,*

Forest Ecosystems

Hawai'i is home to 31% of the nation's plants and
animals listed as threatenad or endangered, and iess
than half of the landscape on the istands is still
dominated by nafive plants. Studles indicate that
endemic and endangered birds and plants are highly
vuinerable o climate change and are already showing
shifting habitats. 4!

Even under mederate warming, 10 of 21 existing native
forest bird species are projected lo lose over 50% of
their range by 2100, Of those, three may lose their entire
ranges and three others ara projected to lose mora than
80% of their ranges making them of high concern for
exfinclion.42

Warming air temperatures are bringing mosquito-bome
diseases {o previously safe upland foresls, driving
several nafive bird species toward extinction.s

Ocean Warming, Acidification, and Reefs

Globally averaged sea surface temperature (SST)
increased by 1.8°F (1.0°C) over the past 100 years. Half
of this rise has oceurred since the 1990s. North Central
Pacific averaged SST trends follow the globally
averagad frend. Over the last 5 years almost the entire
tropical Pacific, in parlicular areas along the equater,
have seen temperatures warmer than the 30-year
average.#



«  Nearly 30 years of oceanic pH measurements, based on
data collecled from Station ALOHA, Hawai'i, show a
roughly 8.7% increase in ocean acidity over this time.4

s Increasing ocean acidification reduces the ability of
marine organisms to build shells and other hard
structures, This adversely impacts coral reefs and
threatens marine ecosystems more broadly.*

s  |n Hawai', extended periods of coral bleaching did not
first occur until 2014 and 2015 as part of the 201417
global scale bleaching event that was the longest ever
recorded.#?

s Ocean warming and acidification are projected to cause
annual coral bleaching in some areas, like the central
equatorial Pacific Ccean, as early as 2030 and almost all
reefs by 2050.28 This will not only devastate local coral
reef ecosystems but will also have profound impacts on
ocean ecosystems in general. Ultimately it will threaten
the human communities and economies that depend on
8 healthy ocean.*?

Sea Level Change

e The mean sea [evel trend at the Honolulht tide station is
0.055 in (1.41 mm) per year with a 95% confidence
interval of £0.008 in {0.21 mm}) per year based on
monthly mean sea level data, 1905 fo 2015, This is
equivalent {o a change of 0.46 ft (14.0 cm) over the past
century.®

«  The frequency of high tide fleoding in Honolulu since the
1960's, has increased from 6 days per year to 11 per
year.5

¢  With 3.2 ft (0.98 m) of sea level rise, 25,800 acres
experience chronic flooding, erosion, and/or high wave
impacts. One third of this land is designated for urban
use, Impacts include 38 mi (61 km) of major roads, and
more than $19 billion in assels.52

e Due o global gravilational effects, esfimates of future
sea level rise in Hawai and other Pacific islands are
about 20%—30% higher than the global mean.5

e Over 70% of beaches in Hawai'i are in a slate of chronic
erosion.® This is likely relaled to long-term sea level rise
as well as coastal hardening. 55 58

+  Coaslal hardening of chronically eroding beaches
caused the combined loss of 9% (13.4 mi, 21.5 km) of
the length of sandy beaches on Kaua'i, 0'ahu, and
Maui.s

Indigenous Gommunities

» Indigencus populations will be disproportionally
impacted by climate change due to thelr strong ties to
place and greater refiance on nalural resources for
sustenance.5

»  About 550 Hawaiian cultural sites are exposed to chronic
flooding with a sea level rise of 3.2 ft {0.98 m).%®

»  Sealevel rise impacts on traditional and customary
practices (including fishpond maintenance, cultivation of
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salt, and gathering from the nearshare fisheries) have
been abserved.®

« Because of flooding and sea level rise, indigenous
practitioners have had limited access to the land where
salt is traditionally cultivated and harvested since 2014.
Detachment from traditional lands has a negative effect
on the spiritual and mental health of the people.5!

+ (Qcean warming and acidification, sea leve! rise and
coastal erosion, drought, flooding, poliution, increased
storminess, and over-development are negalively
affecting tourism, fisheries, and forested ecosystems.
This directly impacls the livelihood and securily of Pacific
communities. For example, across all Pacific Island
countries and teritories, industrial tuna fisheries account
for haif of ail exporis, 25,000 jobs, and 11% of economic
production.s2 In Hawai‘i, between 2011 and 2015, an
annual average of 37,386 Nalive Hawalians worked in
tourism-intensive industries; based on the 2013 U.5.
census, this number represents 12.5% of the Native
Hawaiian population residing in Hawai'i.?

» In Hawai'i, cimate change impacts, such as reduced
slreamflow, sea leved rise, sallwater intrusion, episodes
of intense rainfali, and long periods of drought, threaten
the ongoing cultivation of taro and other traditionai
crops.

GLOBAL ECOSYSTEMS

¢ Climate change impacls have been documented across
every ecasystem on Earth, including shifts in species
ranges, shrinking body size, changes in predator-prey
relationships, new spawning and seasonal patterns, and
modificalions in the populalion and age siructure of
marine and terrestrial species.s

s [n2017 over 15,000 scientists published a *Waming to
Humanily".# They sald humans have pushed Earth's
ecosystems to their breaking point and are well on the
way to ruining the planel.

¢ Human acliviies have increased the acidity of oceans;
increased the acidity of freshwater bodias and solls
because of acld rain; increased acidity of freshwater
streams and groundwater due to drainage from mines;
and increased acidity of soils due to added nitrogen to
crop lands.57

»  Researchers have labeled ecosystem impacts “biological
annihilation,” and tdentify that a “sixth major mass
extinction” is underway as a result of dwindling
population sizes and range shrinkages among
verlebrates.58

« Humans are causing the climate to change 170 times
faster than natural forces.®

o  Tree lines are shifting poleward and to higher
elevations.™

s One-third of burnt forests experience no free
regenaration at all.”



Species are migrating poleward and to higher
elevations.”?

Spring is coming sooner to some plant species in the
Arctic while other species are delaying their emergence
amid warm winters. The changes are associated with
diminishing sea ica,”™

Spring is coming earlier.™

The tropics have expanded.’

Warmer winters with less snow have resulted in a longer
lag time between spring events and a more protracted
vemal window (the transition from winter to spring).’s
Plants are leafing out and blooming earlier each year.”
Climale-related local extinctions have already occurred
in hundreds of specles, including 47% of 976 species
surveyed.”

Plant and animal extinctions, already widespread, are
projected to increase from twofold to fivefold in the
coming decades.™

FOOD AND HUMAN HEALTH

Harvests of staple cereal crops, such as rice and maize,
could decline by 20 to 40% as a funclion of increased
surface temperatures in fropical and subtropical regions
by 2100.80

One billion people are classified as food insecure.®!
Rising CO2 decreases the nutrient and protein content of
wheat, leading to a 15% decline in yield by mid-
century.82

Higher levels of CO: are lowering amounts of protein,
iron, zinc, and B vitamins in rice with potential
consequences for a global population of approximately
600 million.83

By 2050, climate change will lead to per-person
reductions of 3% in global food availability, 4% in fruit
and vegetable consumption, and 0.7% in red meat
consumption. These changes will be associated with
529,000 climate-related deaths worldwide.®

Without changes fo policy and improvements to
technolegy, food productivity in 2050 could look like it did
in 1980 because, at present rates of innovation, new
technologies won't be able to keep up with the damage
caused by the climate change in major growing
regions.s

Certain groups of Americans—including children, elders,
the sick and the poor—are most likely to be harmed by
climate change,

Climate change is harming human health now. These
harms include heat-related ilinass, worsening chronic
#lnesses, injuries and deaths from dangerous weather
events, infectious diseases spread by mosquitoes and
ticks, illnesses from contaminated food and water, and
mental health problems.®?

Warming of Earth’s surface s changing life on a global
scale 88
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EXTREME WEATHER

The globat percentage of land area in drought has
increased about 10%.%

The global occurrenca of extreme rainfall has increased
12%.%0

Heavy downpours are more intense and frequent.®!
Extreme weathar events are mare frequent, 22

Half a degree Celsius of global warming has been
enough lo increase heat waves and heavy rains in many
regions of the planet.%?

Storm tracks are shifting poleward.

The number of weather disasters is up 14% since 1995-
2004, and has doubled since 1985-1994.95

There has been a global increase In the frequency and
intensity of extremely hot three-day periods %

The number of unusually cold days and nighls has
decreased, and the number of unusually warm days and
nights has increased.s”

Extreme heal waves are projected to cover double the
amount of global land by 2020 and quadruple by 2040,
regardless of future emissions trends,%

New records conlinue to be set for warm temperalure
extremes. For instance, in the U.S. during February,
2017 there were 3,146 record highs set compared to
only 27 record lows, a ratio of 11610 1.%

Nine of the ten deadliest heat waves have oceurred
since 2000 causing 128,885 deaths around the world,*0
Nearly ane third of the world's population is now
exposed lo climatic conditions that produce deadly heat
waves, 0!

Extreme weather is increasing. 12

If global femperatures rise 3.6°F {20C), the combined
effect of heat and humidity will furn summer into one
long heat wave, Temperature will exceed 104°F (40°C)
avery year in many parts of Asia, Australia, Northem
Africa, South and Norih America,'®

If global lemperatures rise 7.2¢F {4°C), a new “super-
heatwave" will appear with lemperatures peaking at
above 1319F making large pars of the planet unlivable
including densely populated areas such as the US east
coast, coastal China, large paris of Indiz and South
America.'04

GLACIERS, SEA ICE, PERMAFROST

The world's major ice systems including Anlarctica
and Greenfand,* and the mounlain glaciers'% of the
world are all in a slate of decline, 107. 108.1%9

Over the past three million years, when global
temperatures increased 1.8 to 5.4°F (1 to 3°C), melting
polar ice sheets caused global sea levels o rise at least
20 ft (6 m) above present levels. 10

Under high emission pathways, a sea level rise
exceeding 8 fl (2.4 m) by 2100 is physically possible. 1!



The West Antarctic ice shest is in “unstoppable”
retraal.'?

Atmospheric warming that exceeds 2.7 to 3.6°F (1.5 lo
2:C) above present (ca. 2015) will trigger a cenlennial-
to millennial-scale response of the Anlarctic ice shest
that produces an unstoppable contribution {o sea-tevel
rise.!" Subslantial Antarctic ice loss can be prevented
only by limiting greenhouse gas emissions to RCP2.6
levels, Higher-emissions scenarios lead {o ice loss from
Antarctica that will raise sea level by 1.9l0 8.8 ft (0.6 to
3 m) by the year 2300.1%

If emissions continue unabaled, Anlarctica has the
potential to contribute more than 3.28 ft (1 m) of sea-
level rise by 2100 and more than 49.2 # (15 m) by 2500.
In this case, atmospheric warming will soon become the
dominant driver of ice loss, but prolonged ocean
warming will delay ils recovery for thousands of years.Ws
The Greenland ice sheet is more sensitive o long-term
climate change than previously thought. Studies!'®
estimate that the warming threshold leading to an
essentially ice-free state is in the range of 1.4 to 5.8°F
(0.8 10 3.2°C), with a best estimale of 2.9°F

{1.6°C) above preindustrial levels. The Arclic is on track
fo double this amount of warming before mid-century.''?
Cloud cover over Greenland is decreasing at 0.9 +/-3%
per year. Each 1% of decrease drives an additionat 27
+/-13 billion tons of ice melt each year.11®

Further melfing of mountain glaciers cannot be
pravented in the current cenlury - even if all emissions
were stopped now."® Around 36% of the ice still stored
in mountain glaciers today will melt even without further
emissions of greenhouse gases. That means: more than
one-third of the glacier ice that siilf exisis today in
mountgin glaciers can no longer be saved even with the
most ambitious measures.

Alpine glaclers have shrunk lo their owest levels in 120
yaars and are wasting two {imes faster than they did in
the period 1901-1950, three times faster than they did in
1851-1900, and four times faster than they did 1800-
1850.120

Arctic seaice is shrinking (13% per decade) as a result
of global warming, 2!

Winter Arctic sea ice was the lowest on record in
2017z

In the Arctic, average surface air temperature for the
year ending September 2016 was the highest since
1900, and new monthly record highs were recorded for
January, February, Oclober, and November 2016.123
Rapid warming in the Arctic is causing {he jet stream to
slow down and become unslable, 124

Regions of Earth where water is frozen for at least one
month each year are shrinking with impacts on related
ecosystems, 125

Extreme warm evenls in winter are much more prevalent
than cold events, 1%
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Global snow cover is shrinking.'??

The southamn boundary of Northern Hemisphere
permafrost is refreating poleward, 128

Large parts of permafrast in northwest Canada are
slumping and disintegrating into running water. Similar
large-scale landscape changes are evident across the
Arclic including in Alaska, Siberia, and Scandinavia, 128
In North America, spring snow cover extent in the Arclic
is the lowest in the satellite record, which started in
1967.1%0

OCEANS

The Atlantic Meridional Overturning Circulation has
decreased 20%. The North Allantic has the coldest
waler in 100 yrs of cbservations. '

Global sea surface temperaturs is rising. "2

The oceans are warming rapldly.’

Sealevel is rising and the rate of rise has accelerated, 134
Today global mean sea level is rising three times faster
than it was in the 20* Century. 3%

Between 1993 and 2014, the rate of global mean sea
level rise increased 50% with the contribution from
melting of the Greenland Ice Sheet rising from 5% in
1993 to 25% in 2014.138

With existing greenhouse gas emissions, we are
committed lo future sea level of atleast4.3 o 6.2f (1.3
to 1.9 m) higher than today and are adding about 0.32
m/decade to the total; ten times the rate of observed
contemporary sea-level rise. 37

Over 90% of the heat trapped by greenhouse gases
since the 1970s has been absorbed by the oceans and
today the oceans absorb heat at twice the rate they did
In the 1990's,138

Excess heat in the oceans has reached deeper
walers, '3 and deep ocean temperature is rising. 40
Sea surface temperatures have increased in areas of
tropical cyclone genesis suggesting a connection with
strangthenad storminess. '

Oxygen levels in the ccean have daclined by 2% over
the past five decades because of global warming,
probably causing habitat loss for many fish and
invertebrale species. 2

Marine ecosystems can take thousands, rather than
hundreds, of years to recover from climate-related
upheavals, 4

Marine ecosystems are under exireme stress. '

The world's richest areas for marine biodiversity are also
those areas mostly affected by both climate change and
industrial fishing, 143

Tha number of coral reefs impacted by bleaching has
tripled over the period 1985-2012.14¢

By 2050 over 98% of coral reefs will be afflicted by
bleaching-level themnal stress each year.7

Scientisls have concluded that when seas are hot
enough for lang enough nothing can protect coral reefs.



The only hope for securing a future for coral reefs is
urgent and rapid action fo reduce global warming. 148

+  Average pH of ocean water fell from 8.21 0 8.10, 3 30%
Increase in acidity. Gcean water is more acldic from
dissolved COz, which is negatively affecting marine
organisms, 9

o Dissolved oxygen in the oceans is dedlining because of
warmer waler. !5

»  Production of oxygen by photosynthelic marine algae is
threatened at higher temperatures. 15t

The likely (66%) range of global temperature increase this
century will be a median 5.8¢F {3.20C).152 153 [{ greanhouse
gas concentrations were stabilized at their current level,
existing concentrations would commit the world to at least an
additional 1.19F {0.6°C}) of warming this century.'s* Bayond
the next few decades, the magnitude of climate change
depends on emissions of greenhouse gases and aerosols
and the sensilivity of the climate syslem. Projected changes
range from 4,7 to 8.6°F (2.6° to 4.8°C) under a higher
scenario, to 0.5° to 1.3°F {0.3° to 1.7°C) under the lowest
scenaric. ' CO; concentration has now passed 400 ppm, a
level not seen since 3 million years ago, when global
temperature and sea level were significantly higher than
today. Testing revealed most climate models underestimate
the effects of anthropogenic greenhouse gases.!5¢ Models
thal do the best job of simutating observed climate change
predict soma of the worst-case scenarios for the future. If
countries stay on a high-emissions trajectory, there is a 93%
chance the planet will warm more than 4°C by the end of the
century. Previous studies placed those odds at 62%.

What will this >5.4°F (3<C} world look like?

s  Heatwavas drive a global scale refugee crisis, as low-
latitude continental tands lose habitability!s7;

o Drought'*t, wildfires's, water scarcity'é%, crop failure 6!
and other threals fo critical resources leading to
increased human confiictiz;

»  Multi-meter sea level rise continuing over many
cenfuries!€3,;

+  Extreme weather disasters'®, massive floods's, great
tropical cyclones'®, mega-drought'€”, and torrential
rainfall®® will be widespread.

Ironically, with the ongoing global revolution in clean power,
all this suffering and dystopia will be taking place in a world of
solar panels, wind mills, electric cars, and cleaner air.
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ENERGY QUTLOOK
Glohal

The U.S. Energy Information Administration projects the

following global energy pattems to the year 2040. 15

e  Slrong, long-term economic growth drives an increasing
demand for energy:

»  Waorld energy consumplion grows by 28%:

o  China and India alone account for over half of this
increase;

¢ Fossil luels maintain a market share of 77% through
2040, even though renewable energy experiences
explosive growth;

o World energy-related carbon dioxide emissions rise 15%
by 2040.

To hold global temperature befow an increase of 3.6F (2¢C)
per the 2015 Paris Agreement, it is necessary io decrease
carbon emissiens by 50% per decade.'™ Clearly, the
projections by the EIA move in the opposile direction and
present a massive challenge to humanily.

Hawal'i
What is Hawai'i's confribution to greenhouse gas emissions?

e In 2007, Hawai'i's total greenhouse gas emissions were
24 million metric tons of CO; equivalent;!”*

» Tolal CO; emissions have slightly declined in the last
decade, largely due to gains in the electricity sector.172

O'ahu had 20.8% of net sales of electricity from sources
deemed renewable in 2017, the law requires 100% by
204517

»  Fossil fuel use for fransportation continues to
Increase;™

¢  Hawal'l's COz emissions are 20% lower than the
national average; 17

« However, U.S. CO: emissions per capita are over three
limes the world average and Hawai'i's are approximalely
12 times larger than other Pacific Islands; 176

»  Passed in 2018, Act 15 establishes a Greenhouse Gas
Sequeslration Task Force and sels a 2023 deadline for
crafting a plan to meet a zero emissions targel by 2045.

¢ Also passed in 2018, Act 16 direcls the state Office of
Planning to work with the task force to create a carbon
offsel program,
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