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Introductions: Meghana Ranganathan
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Topic Overview

1.
2.
3.
4.

What is “climate”

What Affects Earth’s Temperature

A Look Into Past Climate

Environmental Changes from Climate Change



Definitions

. Weather: Things like precipitation,
wind, and humidity that we experience
at a given time in a specific location

. Climate: average weather over a long
period of time for a given region; the
statistics of weather

. Climate Variability: natural variation in
climate that occurs over months or
decades

. Climate Change: a systematic change
in long term state over multiple
decades
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The Climate System: Overview

CAUSES CLIMATE SYSTEM CLIMATE VARIATIONS
(external forcing) (internal interactions) (internal responses)
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Image from: http://www.atmosedu.com/Geol390/figures/figure%2001-05-bottom.jpg



Sun: What Factors Affect Earth’s Temperature?
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Factor 1: Insolation

High latitude

MERCURY
EARTH
JUPITER
URANUS
NEPTUNS
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Factor 2: Albedo

Grass: a=0.20
Antarctica: a = 0.81
Clouds: a =0.80-0.85
Earth: a=0.30

Venus: a =0.80

Albedo is o, where 0 < a < 1

Images: https://pmdvod.nationalgeographic.com/NG_Video/11/923/150827-nasa-mapping-greenland-ice-

sheet-vin.jpg
https://www.nasa.gov/sites/default/files/thumbnails/image/pia00271.jpg




Factor 3: Atmosphere

A black body absorbs all incoming radiation TRUE black bodies don'’t exist - instead they have

albedo:

F=o0T* F=(1-0a)oT*

w ¥ 8
Energy (electron volts, eV) LN G 5
10* 10¢ 104 107 1 107 104 10* 10* 10* p n
ultraviolet  Infrared short- \ " | 2
gamma A f \ b
‘ roye I X-rays l rays rays radar lrM‘ v l w"'l M | |
e L, T e Weee 2 3 “‘
10% 102 10%.. 10 10477 104, 107 1 100 10t \
\
\
‘L
\
\
\
\
\ \
600 \ \
Wavelength (nanometers, nm) \ ‘ \,
03 03 04 0S0807 1 ?: ’ ‘ S 7000 o x & 50 W o W
Wavelength In Microns

Images: http://ib.bioninja.com.au/ Media/greenhouse-effect med.jpe:
http://planetforlife.com//images/blackbodyearth.jpg
http://ozonedepletiontheory.info/lImages/electromagnetic-spectrum.jpg




Factor 3: Atmosphere

Short
wavelength

Greenhouse Effect

Long

wavelength

Some reflected energy gets trapped in the
atmosphere by greenhouse gases. Why are
some gases greenhouse gases?

Images: http://ib.bioninja.com.au/_Media/greenhouse-effect med.jpeg
http://planetforlife.com//images/blackbodyearth.jpg



Factor 3: Atmosphere

[— Greenhouse Gases

0 , Methane
Short

wavelength \ | ‘ Carbon Dioxide

Ozone

o GO0

Water Vapour  Nitrous Oxide

Images: http://ib.bioninja.com.au/_Media/greenhouse-effect med.jpe
http://marketbusinessnews.com/wp-content/uploads/2016/05/Greenhouse-gases-most-common.jpg




CO2 Sources and Sinks

COs, flux (Gt CO,/yr)
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Factor 4: The Ocean

The ocean acts like a giant sponge, absorbing:

e Y of anthropogenic CO2 emission

® 90% of additional warming due to the
greenhouse effect Credit: © Dudarev Mikhail / Fotolia

The surface ocean moves North, cool, traps

more gas from the atmosphere, and then sinks
to the deep

The ocean recirculates and eventually these
buried emissions will resurface

Warm,

Increasing CO, & nutrients, decreasing O; low nutrient water



Factor 5: Orbital Changes (Milankovich Cycles)

Now 200 400 600 800 1000 kyr ago
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Example: Eemian Period

Medieval Warm Period

int LaISt ial . é What made the Eemian period so
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What does the past tell us?

Current

Temperature and CO, from Antarctic ice cores S 400
over the past 800,000 years i

CO, concentration, ppmv

0 Antarctic temperature, °C
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Images: https://simpleclimate.files.wordpress.com/2012/04/edc.ipg
http://www.cosmographicresearch.org/Images/glacial_maximum_map2.jpg




Modern Climate: The Hockey Stick
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Modern Climate: The Hockey Stick
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1.

Surface and
Ocean
Temperature
Change

Warming is occurring
almost twice as fast as
the rate of warming in
the previous century

Land & Ocean Temperature Percentiles Jan-Dec 2015
NOAA'’s National Centers for Environmental Information
Data Source: GHCN-M version 3.3.0 & ERSST version 4.0.0

<

Record
Coldest

\\\
Much
Cooler than
Average

Cooler than
Average

Near
Average

Warmer than
Average

|

Mucﬁ
Warmer than
Average

Record
Warmest

Wed Jan 13 12:15:02 EST 2



Ocean Temperature and Coral Habitats
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). Land-Only Precipitation Anomalies Jan-Dec 2015
(with respect to a 1961-1990 base period)

C h an ge S i N Data Source: GHCN-M version 2
the Global e %,

Water
Cycle

- As the atmosphere
warms it is able to hold
more water vapor

- The past century has
experienced distinct <
geographical changes in

total annual precipitation ' ~ , 1 -
-250 -200 -150 -100 -50 0 50 100 150 200 250
V National Centers for Environmental Information Millimeters Please Note: Gray areas represent missing data

Map Projection: Robinson



3. Glacier and Snowpack Decline

b £

" Updated since 2013 by Espan Olsen.
Original author unknown.

Across the globe nearly
all glaciers are
decreasing in area

Melt water affects
seawater level and

salinity

Earlier spring runoff
More frequent and
severe flooding



4. Sealevel Rise

v . - . 35
| Recent Sea Level Rise lag
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Sea Level Change (cm)

Warmer water expands, so

the ocean increases in

volume

Melting glaciers and

snowpack

A 2 m sea level rise would

swamp 187 million people
o This is an upper bound

prediction for 2100



Sea Level SEA LEVEL RISE +
Rise: STORM SURGE PROJECTIONS
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5. Ocean Acidification

The surface ocean equilibrates with the
atmosphere

Increase of pCO2 in the atmosphere
consumes the carbonate ion, which
decreases its saturation state

This impedes the effectiveness of the
carbonate pump



Chisholm et al 2000

The Biological Pump

Contributors:
e Soft Tissue Pump
o Organic matter formed by
photosynthesis
O Dead cells and fecal pellets
aggregate and sink
e Carbonate Pump
o CaCO3 shells formed by
plankton and mollusks

Ventilation (upwelling) ——»
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Deep ocean
Deep consumers

Important sink of CO2 from the >
atmosphere!!! Bacteria

Sea floor







Ocean acidification= less carbonate formation a
Dissolution of coral environments 3y

Less Biodiversity



Potential Solutions to
Ocean Acidification?

Geoengineering

- Iron Fertilization

- Adding alkalinity
These have significant
economic and ecological
costs.

Best solution:
Stop adding CO2 to the

atmosphere
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The Aral Sea:
anthropogenic
environmental
and climate




Anthropogenic Impacts:

Increases of agriculture
in the 20th century used
up all the water coming
down the mountains
before it could reach the

sea
Farmers grew water

intensive crops
Excessive use of
agricultural pesticides
Island in the center was
used at a biological
weapons development
site (smallpox, plague,
etc)




Climate Change Effects:

Sea surface temperature
(SST) changes

Hotter summers, colder
winters

Exposed seabed results
in dust storms
o Issue for respiratory

health

Rising salinity kills fish

o Decimates fishing

villages
Destroys fishing and
canning industry
Cultural loss of
traditional food
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How Do We Know About Past Climates?
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Climate Cycle Examples
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Factor 3: Atmosphere

Radiative Forcing Components

Greenhouse Gases =

0.48 D43 W 053]

H

' 0.05 (0.95 0 0.06] | Cortnertsl
one 8 T < Ves
O m-.— ropospher 0.3 025 10 0 85 o potel |

9 |
Sratogptenc water " o
% vagour hoes CH, i o7 0 Z Giotoal Low
p Lot ooe » 0.2[04% 00 Lecalto | Mee |
s Sutce aex Black carmon 01001002 sonsrwrnst | ~Low |
- . ¢ " Comrarta | Mee
. P 0509 I | o gote Low
Yotal
RG0S0 Cons aaso p Corvrertn
Methane “‘ R sl o
Unesr contats 0.01 10,000 1 0.08) | Cownarnw | Low
- . B |
Carbon Dioxide | e—— b o M ]
J

- N
Ozone . _ =

Radative Forcing (W mr¥)

FIGURE SPM-2, Global-average radasive forcing (RF) estmates and ranges w2005 for anthropogense carbon deoxsde
(COy). methane (CH). mtrom omade (N:O) and other umportant agents and mechannm, together with the typcal
peograplucal exsent (spatial scale) of the forcmg and the assessed level of sciennfic understanding (LOSU). The et
anthsopogensc radative forcing sod o paage e also shown These requare SMMEING ASVIRIBENC UOCETAUMY estimates
from the component Term, and canmot be obtined by sumple addition. Additional forcang factors wot mcluded here are
consdered 0 have a very bow LOSU Volcamc aerosols contnbute an additional natural forcang but are not mcluded
this figure due %0 thewr epnodc manwe Range for bnear contrmls does not mclude other possble effects of avistion ca
- cloudisess. {29, Faguse 2 20

Wate r va po u r N Itro u s Ox I d e Imagse: https://d1050x50snmhul.cloudfront.net/wp-content/uploads/2007/05/dn11639-1_767.jpg

http://marketbusinessnews.com/wp-content/uploads/2016/05/Greenhouse-gases-most-common.jpg




