Climate Change: Mechanisms, Evidence and
Their Impact on Health
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Objectives

* Climate change, |
* The main ideas L
* The key mechanisms iV
* The strong evidence T “

* Getting from climate science to
health




* History

* Evidence, and we
* CO, meas-'-'
. Changés in the
. Sensﬂwe,measures glacier & sea ice extent
« Extreme weather
. Compute’ﬁsmulatlons

* Impact on health
* Increased temperature
* Water & food supply, migration & refugees
e Air pollution
* Extreme weather

IPCQ

e Social cost of carbon







-+ Fast Facts o~

;o <
- * The atmosphere is'mainly nitrogen, N,, 78%, and 0,,21%

'” * CO, is measured in ppm, 415 ppm, or 0.0415 %

| * CH, is 1.8 ppm, or 0.00018 % by volume

\ * H,0 vapor is up to 5%

.\\J * Nitrogen, argon are transparent to sunlight f
\ | - Greenhouse gases are long lived, centuries

* PM2.5, smog, have shorter lifetimes

\ N R Methane CH, |$ 25 times the Global Warming Potential (GWP) of CO,

& l}lZO IS 289 tlmes
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Sun's Spectral Radiance

F -=I-I_I—I-l- .
®
't‘ l
|
E
: -
]
B

|
C TR

b, bl
. - Carbon Dioxide

u__l_l_l-rll_l_-_
[ - | I | I | N | D | R N
:v*.-ﬂll_l_l.Il_l_-_

)




Sun's Spectral Radiance
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8 We stand on the shoulders-of giants: lmage courtesy Andy Mahon_ey; '—.égaph courtesy



History of the Greenhouse Effect

°C02 IS a

control knob for surface temperature, ice ages, climate change

*In the 1800’s, scientists asked ‘What caused multiple ice ages?’
* Fossils indicate mass extinctions,

* Geolo
* What
* Plus, |

* Possible

*In 1896,

e Arrhe
* Close

gy indicates glaciation,
determines the temperature of the Earth?
ndustrial Revolution burned coal with prodigious CO, emissions

causes: variations in Earth’s orbit? Brigh’;pg_ss ofthe sun?

Svante Arrhenius predicted CO% plus mechanism
nius’ predicted 11 °F toA4:5=kwarming if CQ doubled
to today’s estfmfgte of 5.5°Fto 9 °F (3Cto 5 C)
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Atmospheric CO, Concentration: Keeling
Curve

*In the 20" century, fossil fuel use ———
raised concerns of CO2 concentration Seaconal variation

*In 1953-58, Keeling began
atmospheric CO, measurements at
Mauna Loa,

CO,, fraction in dry air (wmol/mol)
Departure from yearly average
w N - o - N w

* A strong diurnal behavior—more CO,
at night
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CO, fraction in dry air (Lmol/mol)

* A strong annual behavior—maximum
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Ice Cores: a Historical Record of CO,
Concentration

* [n polar regions, snow can accumulate from

year to year, for millennia,
* Air mixes with the snow and compacts
under the weight of overlying SNoW,
* A historical record of atmospheric CO,
concentration is contained in annuallayers, i
* Paleothermometers estimate temperatures :
* [ce cores from Antarctica and Greenland have
been drilled and analyzed . vRgAS L,
* Historical record up to 800,000 years ; depths up to 3.2 K u,é;‘»;r’
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Vostok ice core measurements, 400,000 year record
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: ASensmve Test for Climate Change™

e

3

e Flfty years to walt for a 1 C temperature rise is a slow test
e Loss of snow and ice cover can give a clearer |nd|cator§¢, :
* Albedo, q, ratio of reflected radiant energy, E_, to i )
incident radiant energy, E, on a body,

a-= ER/ EI . Incident Reflected

. Radiation, E, adiation, Eg f

Absorbed Energy, Ea

- Absorbed energy isw'i'e»r'c'E/;”EI = F
is large for open ocean or bare ground,
but small for snow or ice



Surface Change Accelerates

Open ocean
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We stand on the shoulders of giants: Image courtesy ; Graph credit: NASA climate.nasa.gov
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Surface Change Accel

Melting...

erat

Ice with snow

Large Increase in
Surface Heating

Bare ground
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We stand on the shoulders of giants: Image courtesy ; Graph credit: NASA climate.nasa.gov



Maldives
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We stand on the shoulders of giants: Image & Graph credit: NASA climate.nasa.gov






Northwestern Glacier, Alaska 1920s-1940s to August
2005




Muir Glacier, Alaska Aug 12, 1941 to August 31, 2004







Background and In Development




Declining National Air Pollutant Concentration Averages
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w=== Pp (3-month) we CO (8-hour) w= NO?2 (annual) wes NO2 (1-hour) === O3 (8-hour)

w— PM?2.5 (annual) w— PM2.5 (24-hour) === PM10 (24-hour) === SO2 (1-hour)

We stand on the shoulders of giants: https://gispub.epa.gov/air/trendsreport/2020/#air_trends




Extreme Weather Change

e Changes to Earth’s climate results in “extre
* Heat Waves (Cold Waves) \
* Droughts & Floods
* Tornadoes & Hurricanes

* https://www.nytimes. com/2020/11/11/- iy
nange-patterns. html?referrlngSource—artcheS’pare

* https://nca2014.globalchange. gov/hlghllghts/report fmdmgs/extrem
e-weather



https://www.nytimes.com/2020/11/11/climate/hurricanes-climate-change-patterns.html?referringSource=articleShare
https://www.nytimes.com/2020/11/11/climate/hurricanes-climate-change-patterns.html?referringSource=articleShare
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Northern Hemisphere Extent Anomalies Nov 1978 - 2019

1981-2010 mean = 10.7 million sq km
1980 1985 1990 1995

2000 2005 2010 2015 2020%

slope =-5.0 £ 0.8 % per decade
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