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1. Climate Change
2. Biodiversity Loss
3. Social Inequality
4. Pollution
5. Disease



Climate change could reduce global GDP by up to 
14% and displace 1.2 billion people as climate 

refugees by 2050

https://environmentalmigration.iom.int/blogs/extreme-weather-spurs-global-displacement-migration-part-solution

In 2023 global temperature reached 1.5oC





CO2  growth 
~0.82 ppm/yr

CO2 growth 
~2.4 ppm/yr 

Lourantou, A., et al., “Changes in Atmospheric CO2 and Its Carbon Isotopic Ratio During the Penultimate Deglaciation,” 29 Quaternary Science Reviews 1983 (2010). 
Frumhoff, P., et al., “The Climate Responsibilities of Industrial Carbon Producers,” 132 Climatic Change 157 (2015).  

79% of  anthropogenic global 
warming caused by CO2

In 2023, the CO2 growth rate was 3.4 ppm, 86% above the previous year, and the 
highest in recorded history



Paris Agreement, 2015
United Nations Framework Convention on Climate Change

Pursue efforts to end 
warming before 1.5oC (2.7oF)

Stop global warming 
before 2oC (3.6oF)



Announced pledges

Stated policies

Net zero emissions

 

Progress on Stopping Warming at 1.5oC

2.9oC Actual policies

Net zero 
by 2050

2.3oC National pledges

Historic CO2 
emissions

Reduce 
emissions to

stop warming

2020, -5.4%

1.5oC

GAP

2021, +6.3% 
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Climate Action Tracker (2022) https://climateactiontracker.org/documents/1055/CAT_2022-06-08_Briefing_EnergyCrisisReaction.pdf
Grant, N. (2022) The Paris Agreement’s ratcheting mechanism needs strengthening 4-fold to keep 1.5°C alive, Joule, v. 6, p. 703-708, ISSN 2542-4351, https://doi.org/10.1016/j.joule.2022.02.017
Meinshausen, M., Lewis, J., McGlade, C. et al. (2022) Realization of Paris Agreement pledges may limit warming just below 2 °C. Nature 604, 304–309 https://doi.org/10.1038/s41586-022-04553-z

United Nations Environment Programme (2023). Emissions Gap Report 2023: Broken Record – Temperatures hit new highs, yet world fails to cut emissions (again). Nairobi. https://doi.org/10.59117/20.500.11822/43922.

2022, +1.2% 

GHG emissions need to be cut 
-28% by 2030 to keep within 2oC

Based on current commitments, 
emissions will only be cut -2%
Net zero pledges cover about 80% of  emissions, but 
most are hollow, lacking implementing mechanisms.

Limiting warming to 1.5C would require 
global emissions reduction of  9% per 
year – this target is no longer practical.

2023, +1.1% 

https://doi.org/10.1016/j.joule.2022.02.017
https://doi.org/10.1038/s41586-022-04553-z


Globally, Governments still plan to produce more 
than double the amount of  fossil fuels in 2030 than 
would be consistent with stopping warming at 2oC 

United Nations Environment Programme (2023). Emissions Gap Report 2023: Broken Record – Temperatures hit new highs, yet world fails to cut emissions 
(again). Nairobi. https://doi.org/10.59117/20.500.11822/43922. 



Xu, C., et al. (2020) Future of  the human climate niche, PNAS, May 2020, 201910114; DOI:10.1073/pnas.1910114117

2.7oC

TODAY – 0.8% of  land surface, too hot 
for human existence

1 billion displaced for every 1oC of  additional global warming

19% of  land surface, too hot for     
             human existence

Warming on Land



126°F (52°C) in the Central Valley of  California



125oF
52oC

climate change has already put ~9% of people 
(>600 million) outside the livable zone



Drought affected 1.84 billion people in 2022 and 2023 
– nearly one-quarter of  all people on Earth – “the vast 

majority” of  whom live in low- and middle-income 
countries

https://www.droughtglobal.org/_files/ugd/184219_4dcb7a4451514f2281981f604c3848cc.pdf



More than half  the world’s food production will be 
at risk of  failure within the next 25 years as a 

rapidly accelerating water crisis grips the planet

Demand for fresh water will outstrip supply 
by 40% by the end of  the decade

https://watercommission.org/



The 
problem in 
a nutshell…

• AI data 
centers

• Cooling 
energy

• Ev’s/charging
• Developing 

nations

Clean Energy

Dirty EnergyEven as 
renewables 
accelerate, 
so does the 
demand for 
new energy



Global CO2 Emissions

2050

2.9oC



31%
12.3 GtCO2/yr

Fate of  anthropogenic CO2 emissions (2010–2019)

26%
10.4 GtCO2/yr

35.3 GtCO2/yr

88%

12%
4.7 GtCO2/yr

18.9 GtCO2/yr

47%

Sources  =  Sinks

4%
-1.6 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

Source: Friedlingstein et al 2023; Global Carbon Project 2023

Global warming

Ocean acidification

Terrestrial biome



• Plant photosynthesis removes 
CO2 from the air

• Plant respiration releases CO2 to 
the air

• Photosynthesis has a heat 
limit, past which: 

• Photosynthesis sharply 
declines 

• Respiration continues to 
increase

• Carbon uptake by land plants 
is degraded

• With continued emissions, 
• Carbon uptake may be 

degraded nearly 50% as 
early as 2040

• This effect is not accounted 
for in National Policies

“…. numerous studies 
suggest that a variety 

of  ecosystems are 
operating at or near 
thermal thresholds.”



The amount of  
carbon absorbed 

by land has 
temporarily 

collapsed. In 2023 
forest, plants and 

soil – as a net 
category – 

absorbed almost 
no carbon.



86% of  all land mammals are now 
livestock or humans

https://livingplanet.panda.org/en-US/
https://www.bbc.com/news/science-environment-48037913; Seibold, S., et al. (2019) Arthropod decline in grasslands and forests is associated with landscape-level drivers. Nature, 2019; 574 (7780): 671 DOI: 10.1038/s41586-019-1684-3; https://www.theguardian.com/environment/2018/oct/30/humanity-wiped-out-animals-since-1970-major-report-finds; 

https://www.wwf.org.uk/updates/living-planet-report-2018, Bar-On, Y.O, Phillips, R., Milo, R. (2018) The biomass distribution on Earth, PNAS, 201711842; DOI:10.1073/pnas.1711842115
Living Planet Report: https://livingplanet panda org/en-US/

Of  all birds, 70% are chickens 
and other poultry

Human overconsumption, population growth and 
intensive farming, has shrunk global wildlife 

populations by 73% in the past 50 years

Only 2.9% of  Earth’s land surface remains 
faunally intact



Pandemic Era
• 335 new infectious diseases have emerged in recent decades

• 75% of  new or emerging infectious diseases are Zoonotic, jump species from animals to humans
• Ebola, HIV, Malaria, West Nile, Anthrax, Encephalitis, Zika, SARS, MERS, COVID19 and others
• Spillover Event - Microbes carried by animals that cross to humans through contact with wildlife and 

livestock
• Habitat loss – 

• Roughly 1/3 of  new zoonotic diseases are directly attributed to deforestation and habitat loss 
• About 50% of  the worlds original forests have been eliminated
• Globally, we cause a net loss of  about 10 billion trees per year

• Vector expansion – Tropics expanding, mice, mosquitos, tics, deer and other carriers moving 
into human communities

• Extreme weather events – Flood, wildfire, heat displace humans and pathogens
• Human immune systems weakened – disease is a major problem following disaster events 

• CAFO – Breeding ground for virulent pathogens, no evolutionary pressure to preserve hosts
• Pork, poultry, and beef  are kept alive by pumping them with antibiotics
• Nearly two-thirds of  drugs important to human medicine in the U.S. are sold for food animal use
• Overuse of  these medicines drive the rise and spread of  bacterial resistance

Armstrong, A. Forest ecology: Three trillion trees. Nature Plants 1, 15154 (2015). https://doi.org/10.1038/nplants.2015.154, Centers for Disease Control and Prevention: https://www.cdc.gov/onehealth/basics/zoonotic-
diseases.html Jones, K., et al. (2008) Global trends in emerging infectious diseases. Nature 451, 990–993. https://doi.org/10.1038/nature06536; Ogden NH, Gachon P. Climate change and infectious diseases: What can we 

expect? Can Commun Dis Rep 2019;45(4):76–80. https://doi.org/10.14745/ccdr.v45i04a01; Rossati A. Global warming and its health impact. Int J Occup Environ Med 2017;8:7-20. doi: 10.15171/ijoem.2017.963 

https://doi.org/10.1038/nplants.2015.154


Disease, environmental damage, climate change & 
human inequality form an amplifying feedback 
• Disadvantaged groups suffer disproportionately, resulting in greater inequality

• The ratio between the income of  the richest and poorest 10% is 25% larger than it 
would be in a world without global warming 

UN (2020) World Social Report 2020: Inequality in a Rapidly Changing World, 
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2020/01/World-

Social-Report-2020-FullReport.pdf

• The richest 10% of  the global population owns over ¾’s of  all global wealth. 
The poorest 50% owns just 2%. 

https://tacklinginequality.org/
files/introduction.pdf



We must urgently redefine our 
relationship with nature and each 

other as one of  reciprocity, 
regeneration, and social justice.



Marine Heat Wave 2019

• Beginning August 10, Honolulu hit 90 oF each of 
the next 37 days  

• By October 2019, Honolulu had recorded 45 days 
of record high temperature

• In July, Aug, and Sept, 48 days set record highs
• 44 nights set record high lows
• Zero days or nights set record lows. 
• Statewide, over 300 heat records were tied or 

broken in 2019 



https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level.html
Hamlington, B.D., et al. The rate of global sea level rise doubled during the past three decades. Commun Earth Environ 5, 601 (2024). https://doi.org/10.1038/s43247-024-01761-5

Global Mean Sea Level Rise

The rate of SLR has 
doubled in 30 yrs

https://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level.html


As sea level rises, so does 
the water table



Subterranean Estuary

● 1.7 million gallons of cesspool effluent 
per day released within 200 ft of the 
shoreline





Chronic Coastal 
Erosion

Cess Pool



Groundwater 
Pollution

SLR will bring 
polluted 

groundwater to 
the surface

WWII diesel fuel 
and gasoline



Storm 
drain 

backflow



Rain + High Tide = Compound Flooding



Kaua‘i, April 2018
Hanalei River rose 15 ft, jumped its bank, and carved 

a new channel



Rising SST’s, Acidification
Bleaching

Invasive Species



0.11-0.22 oC (0.2-0.4 °F) per decade 

Stevens, L.E., R. Frankson, K.E. Kunkel, P.-S. Chu, and W. Sweet (2022) Hawai'i State Climate Summary 2022. NOAA Technical Report NESDIS 150-HI. 
NOAA/NESDIS, Silver Spring, MD, 5 pp 

Since 1950 temperature in HI has risen 1.11 oC (2 °F) 



Heavy rainfall events and droughts have become 
more common 

Consecutive wet days and consecutive dry days are 
both increasing in Hawai‘i

Stevens, L.E., R. Frankson, K.E. Kunkel, P.-S. Chu, and W. Sweet (2022) Hawai'i State Climate Summary 2022. NOAA Technical Report NESDIS 150-HI. 
NOAA/NESDIS, Silver Spring, MD, 5 pp 

Rain decline ~20% since 1920 



400% increase in wildfire on O’ahu 
since 1960ʻs

Trauernicht, C., E. et al. 2015 The contemporary scale and context of wildfire in Hawaii. Pacific Science 69:427-444



Average daily wind speeds are declining 

Marra, J.J., and Kruk, M.C. (2017) State of  Environmental Conditions in Hawai‘i and the U.S. Affiliated Pacific Islands under a Changing Climate: 
https://coralreefwatch.noaa.gov/satellite/publications/state_of_the_environment_2017_hawaii-usapi_noaa-nesdis-ncei_oct2017.pdf.



1994 hurricane season

Kossin et al., 2014 The poleward migration of the location of tropical cyclone maximum intensity, Nature, 509, 349–352 (15 May). Murakami, H., et al., 2013 Projected 
increase in tropical cyclones near Hawaii, Nature Climate Change, May 5, DOI:10.1038/NCLIMTE1890



2018 hurricane season

Kossin et al., 2014 The poleward migration of the location of tropical cyclone maximum intensity, Nature, 509, 349–352 (15 May). Murakami, H., et al., 2013 Projected 
increase in tropical cyclones near Hawaii, Nature Climate Change, May 5, DOI:10.1038/NCLIMTE1890



Sustainability Transition

Climate 
Hazards

Carbon 
Emissions

Social 
Equity

Public 
Health

Affordable 
Housing

Education

Disease

Biodiversity 
Loss

Pollution

mitigation

adaptation Climate Resilient 
Development

Water 
Resources

Over 
Consumption

This is a chance to build the clean, 
healthy world our children deserve.



“We don’t choose the times we live in. 
The only choice we have is how to 

respond.”



Climate Change and Health in Hawaiʻi
Diana Felton, MD           
Hawaiʻi Department of Health
Climate Change and Health Conference 
October 23, 2024 
                                    



Climatehealthconnect.org



FROM OREGON HEALTH AUTHORITY (OHA)  2014  
CL IMATE  AND HEALTH PROF ILE  REPORT

CLIMATE CHANGE 

ENVIRONMENTAL 
DAMAGE 

HEALTH IMPACTS



https://health2016.globalchange.gov/populations-concern

https://health2016.globalchange.gov/populations-concern


BUILDING A 
CLIMATE & 

HEALTH PROGRAM 
AT DOH

• CDC - BRACE

• Person-power

• Partnerships





VULNERABILITY ASSESSMENT

Following CDC’s BRACE Framework

Foundation of DOH’s Climate & Health Program

Living, dynamic story map

https://view.storydoc.com/qLlKLTH7

https://view.storydoc.com/qLlKLTH7




www.climatehealthhawaii.org

http://www.climatehealthhawaii.org/


QUESTIONS?
diana.felton@doh.hawaii.gov 

mailto:diana.felton@doh.hawaii.gov
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