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The world is now 1oC (1.8oF) warmer



Jim Hansen: http://www.columbia.edu/~mhs119/Temperature/

Global Surface Temperature relative to 
1880-1920 mean



Jean-Baptiste Joseph 
Fourier (1768-1830) 

French mathematician, physicist

• Calculated that Earth should 
be considerably colder than it 
is. 

• He considered that Earth's 
atmosphere might act as an 
insulator.

• First recognition of 
Greenhouse Effect



John Tyndall (1820–
1893) Irish physicist

• First to measure heat 
trapping by atmospheric 
gases 

• Identified the role of CO2
in absorbing heat 

• Proved what Greenhouse 
Effect was real



Svante Arrhenius 
(1859–1927) Swedish 

chemist/physicist

• First to conclude that 
burning coal could cause 
global warming.

• Suggested that human 
emission of CO2 would be 
strong enough to prevent the 
world from entering a new 
ice age, and that a warmer 
Earth would be needed to 
feed the rapidly increasing 
population



Guy Stewart Callendar 
(1897–1964) English 

engineer

• Discovered temperature 
increase from nineteenth 
century

• Correlated with 
measurements of CO2.

• Concluded that CO2 was 
causing climate change.



Charles David Keeling 
(1928-2005) American 

chemist

• 1961 showed that CO2 levels 
were rising steadily.

• Now longest continuous 
record of CO2 in the world 
showing that CO2 has grown 
from 315 ppm in 1958 to 
409 ppm in 2018.



“Keeling 
Curve”



60% of  the warming is 

due to human 

greenhouse gas 

emissions



18% results from 

deforestation



18-22% of  global warming 

comes from industrial meat 

production



0.5 to 1.1oC warmer if  not for aerosols

https://e360.yale.edu/features/air-pollutions-upside-a-brake-on-global-warming
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Bartoli, G., B. Hönisch, and R. E. Zeebe (2011), Atmospheric CO2 decline during the Pliocene intensification of Northern Hemisphere glaciations, Paleoceanography, 26, PA4213, doi:10.1029/2010PA002055.

Tripati, A.K., et al., 2009, Coupling of CO2 and Ice Sheet Stability Over Major Climate Transitions of the Last 20 Million Years, Science, 04 Dec 2009 : 1394-1397 
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We have exceeded natural levels of  carbon 

dioxide by 45%, highest in millions of  years



Natural Climate Change is fairly 
well understood

Axial Precession – 26,000 yrsAxial Obliquity– 41,000 yrs
Eccentricity

100,000 and 400,000 yrs

Orbital parameters determine the intensity and duration of 

Arctic summer and lead to ice ages and interglacials.



Ice Age



Interglacial



Marcott, S.A., 2013, A Reconstruction of Regional and Global for the Past 11,300 Years, Science, 08 Mar: 1198-1201Temperature 
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Maximum 
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Orbital 

Parameters
Slow cooling over the Holocene

Anthropogenic 

warming

1oC – extreme weather, ocean changes, SLR 1m

2oC - Paris Accord, heatwaves every summer, SLR 1-2m

3oC – Large regions too hot to support life, ice melt unstoppable, 

super-heatwaves, super-storms, socio-economic fabric at risk



Global Warming is changing our world.



One third of  the world’s 

population is now exposed 

to deadly heat waves. 

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



Half  of  human 

population live 

with water scarcity. 

By 2050 this will 

increase to 5 billion 

people



2017 - 124 million 
in 51 countries 

faced acute food 
insecurity

• Increase of  11 million 
from 2016

• Triggered by extreme 
climate events –-
mainly drought

• In 18 countries, these 
conditions drove 
rising conflict, leading 
to further hunger



Extreme heat leads to drought and famine –
driving people from their homelands 



Drought 
in Syria 

led to civil 
war and 

terrorism

…worst drought in the 
instrumental record, 

causing widespread crop 
failure and a mass 

migration of farming 
families to urban centers. 

…the drought had a 
catalytic effect, 
contributing to 
political 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 cracking down on radical 
Islam.

Our basic socio-economic system, 

and core humanitarian principles are 

at risk



Wild fires have increased 9-fold

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



Weather disasters increased 14% since 

1995-2004, and doubled since 1985-1994. 

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



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%



Food is less 

nutritious.

Decreased 

zinc, iron, 

and protein



...climate-related 

local extinctions 

have already 

occurred in 

hundreds of  

species, including 

47% of  the 976 

species surveyed. 



2017 record highest ocean heat content since 

records began in 1958

Cheng, L. J., and J. Zhu, 2018: 2017 was the warmest year on record for the global ocean. Adv. Atmos. Sci., 34(3), 261–263, https://doi.org/10.1007/s00376-018-8011-z.



T. Friedrich, et al. (2012) Detecting Regional Anthropogenic Trends in Ocean Acidification against Natural Variability, Nature Climate Change, doi: 10.1038/NCLIMATE1372. 

https://www.climate.gov/teaching/national-climate-assessment-resources-educators/ocean-region

…West Coast 

waters 

dissolving shells 

of  pteropods
food for pink 

salmon, 

mackerel and 

herring. 

Oceans are more acidic



2% decline in dissolved oxygen since 1950

Takamitsu Ito et al, Upper Ocean O trends: 1958-2015, Geophysical Research Letters (2017). DOI: 10.1002/2017GL073613 



The global percentage 

of  reefs impacted by 

bleaching tripled 

through the 28-year 

record

By 2050 more than 98% 

of  coral reefs will be 

afflicted by bleaching 

each year



Four global bleaching events since 1998, none prior



https://climate.nasa.gov

Ice is melting – 600 billion tons each year and 

accelerating



https://climate.nasa.gov

Ice is melting – 600 billion tons each year and 

accelerating



NBC news West Antarctic collapse



Paris 
Agreement 

2015

nearly every 
country pledged 
to keep global 
temperatures 

“well below” 2C 

and to “pursue 
efforts to limit 

the temperature 
increase even 

further to 1.5C”.





After 3 years of  flat emissions           

1.4% increase in 2017

International Energy Agency, World Energy Outlook, 2017 https://www.iea.org/weo2017/ 



After 3 years of  flat emissions           

1.4% increase in 2017

• Energy: Global energy demand increased by 2.1% in 2017, compared with 
0.9% the previous year and 0.9% on average over the previous five years. 
• More than 40% of  the growth was driven by China and India
• 72% of  the new energy demand was met by fossil fuels 
• 25% by renewables and the remainder by nuclear
• Energy demand was more than twice the annual average seen over the last decade 
• Driven by: increasing share of  sport-utility vehicles and light trucks in major 

economies and 
• Demand from the petrochemicals sector 

• Oil: World oil demand rose by 1.6% (or 1.5 million barrels a day) 

• Carbon dioxide (CO2): Global energy-related CO2 emissions grew by 
1.4%

• Rise: Most major economies saw a rise in emissions 

• Decline: United States, United Kingdom, Mexico and Japan. 
• Largest decline came from the United States, mainly because of  higher deployment 

of  renewables.

International Energy Agency, World Energy Outlook, 2017 https://www.iea.org/weo2017/ 



Carbon Budget – in climate models, there is strong 

relationship between cumulative emissions, and 
temperatures

• 1.5oC – 593 billion tons of Carbon (66%)

• 2019

• 2.0oC – 790 billion tons of Carbon (66%)

• 2033 to 2037 (15 to 19 yrs.)

Gillett, N.P., V.K. Arora, D. Matthews, and M.R. Allen, 2013: Constraining the ratio of global warming to cumulative CO2 emissions 
using CMIP5 simulations, J. Climate,26, 6844–6858, https://doi.org/10.1175/JCLI-D-12-00476.1



Paris pledges are 
only 1/3 of  what 
is needed to stop 

at 2oC



Global energy use to the year 2040 
• Global economy grows at 3.4% per year

• Energy demand expands by 30%
• Global population grows to 9 billion in 2040
• One-third of  growing demand comes from India
• Urbanization adds a city the size of  Shanghai (24 

million) every 4 months  

• Renewable energy meets 40 percent of  the 
increase

• Oil demand continues to grow at a steadily 
decreasing pace. Natural gas use rises by 45%

• Fossil fuels hold a steady 75 to 80% market share

• Global emissions of  CO2 from fossil fuels 
alone grows 16% by the year 2040 

International Energy Agency, World Energy Outlook, 2017 https://www.iea.org/weo2017/ 



Negative Emissions

16% growth to 2040



The likely range of global temperature increase is 2.0–4.9◦C, with median 3.2◦C and a 5% (1%) chance that it will be less than 2◦C (1.5◦C) 

The likely range of  warming is 2.0–4.9◦C, with median 3.2◦C 

• Global scale refugee crisis as the 
equatorial continents marginally 
habitable

• Sea level, 10-15m (30-50 ft)

• 2100, 50% more people to feed, 
50% less grain to give them.

• Extreme weather disasters, 
massive floods, heat waves, great 
tropical cyclones, mega-drought, 
and torrential rainfall.

• Ironically, this is all taking place 
in a world of  solar panels, wind 
mills, electric cars, and cleaner 
air.



We need to bend the curve of  carbon, and reach 
zero emissions by 2050.



Halving emissions each decade



Sea Level Rise



Nerem et al (2018) Climate-Change-driven 
accelerated sea level rise detected in the 

Altimeter era, PNAS.



NOAA – 6 scenarios 

2050

Intermediate scenario, 3.3 ft

Intermediate-high scenario, 5 ft

High scenario, 6.5 ft

8.5 ft



https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf



https://science2017.globalchange.gov



NOAA, 2017 – Scenario Timetable 



Marine and Groundwater Inundation



2 ft









1 ft – 2030 to 2040



2 ft - 2050



3 ft – 2060 to 2070



4 ft – 2070 to 2080



5 ft – 2090 to 2100



Summer wave run-up 2ft



Summer wave run-up 3ft



72

Coastal Erosion



ʻEhukai Beach Park

Sunset Beach Park

Today
18 buildings (10%) 0.04 miles of  road



1 ft SLR
109 buildings (60%) 0.2 miles of  road

ʻEhukai Beach Park

Sunset Beach Park



Coastal 
roads are 

threatened 
by erosion 
on every 

island



Hawaii will need $15 
billion to protect highways 
from sea level rise.

$7.5 million for every mile 
of  road that must either 
be raised, pushed back or 
relocated in the next 50 to 
100 years.

$40 million for every mile 
of  bridge.



Annual wave 
inundation 

with 3 ft SLR

Coastal 
erosion with 

3 ft SLR

Groundwater 
and storm 

drain flooding 
with 3 ft of SLR

Ewa Beach 3.2 ft SLR



Waikiki



Punalu'u



Yield and elevate

“If  you wage war with water, 

you will lose.”



Hope? …… ACTION!



Wind is the 
most 

competitively 
priced 

technology in 
most markets



Solar Power 
fastest-growing 
source of  new 

energy worldwide 

Renewable 
Energy 

accounted for 
two-thirds of  new 

power added to 
the world’s grids 

in 2016



17 states, >36% of  US population, >$7 trillion dollars, 

equivalent to world’s third largest country



The City and County of Honolulu

Office of Climate Change,
Sustainability and  
Resiliency
www.ResilientOahu.org





There is something everyone can do
• Volunteer on weekends

• Eat a more vegetable-based diet

• Use cars and airplanes less

• Plant trees and help DLNR with watershed work

• Have smaller families

• Spread the word

• Create art about climate change

• Contact your elected official and ask what they are doing?

• Eat and buy more locally produced foods and goods

• Support urban farming at parks and wetlands (Lo’i Kalo mini-park)

• Tap into climate change news: 
• Climate Progress https://thinkprogress.org/climate/
• Inside Climate News https://insideclimatenews.org
• The Daily Climate http://www.dailyclimate.org




