Lecture36 Anthropogenic Effectson Climate

It iswell-documented that globally averaged land and sea-surface tempera-
tures have increased 0.5 C in the last century. Is this the beginning of man-
made global warming?

Two major anthropogenic ‘forcings on global climate have been identified.

1. Greenhouse gas concentrations are increasing
2. Aerosol concentrations are increasing



The greenhouse effect
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o |f the earth’s atmosphere were dry, we could predict fairly confidently that
doubling pre-industrial CO, (likely by 2100) would increase mean surface

temperature about 2 C.
» The famous 19th century Swedish chemist Arrhenius wasthefirst to predict
greenhouse warming.



Greenhouse gas concentrations areincreasing
Hartmann, fig 8.6
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 Currently, 7 gigatons/yr of CO, produced by burning of fossil fuel (80%)

and deforestation 20%).
o Half accumulates in atmosphere, where it has a residence time of 50+ years.
o If wetotally stopped burning fossil fuels/forests, it would take 50 years for
CO,, to return half way to preindustrial levels.



Other anthropogenic greenhouse gasses

Climate Forcing by Greenhouse Gas Increases
since the Industrial Revolution
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Methane also increasing
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Aerosols

Minute hygroscopic (water-attracting) particles, usually 0.01-1 micron in
diameter. Sourceis at surface, so most aerosol isin troposphere and is washed
out in days-weeks by precipitation.

Natural:

dust, salt, soot (fires), sulfate (ocean phytoplankton, vol canoes)
Manmade:

sulfate (coal/oil combustion), soot & organics (industrial processes, wood

burning, spraying)

Aerosols and Climate
o Aerosols reflect more sunlight back to space, cooling surface temperatures.
» Some aerosols (soot, smoke) absorb sunlight, warming the atmosphere
(Kuwait ail fires).



o Sulfur-rich volcanic eruptions inject
sulfate agrosol into the stratosphere > —— o~ —~ " _—
(Pinatubo, 1991 - 20 million tons; A s
Tambora, 1815 - hundred million
tons), where it survivesfor years——-
global cooling of 0.5 C (Pinatubo) or
more (Tambora) in next year.
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_ Fig. 12.5  Calculated increase of reflected solar flux caused by tropospheric sulfate aerosols derived
from anthropogenic sources. Contour interval | W m™2. [From Charlison et al. (1991). Reprinted with per-
mission from Munksgaard International Publishers Lid.]  Hartmann



| ndirect Effect of Aerosols

o Aerosols are the nucleii on
which cloud droplets form

e More aerosol particlesfi
water in cloudsis divided
Into more smaller droplets.

e Combined surface area of
dropletsis larger, increasing
cloud reflectivity and cool-
Ing climate.

e Striking example - ‘ship
tracks'.

Fig. 126 GOES 1-km visible image of stratocumulus chouds over the Pacific Ocean on July 1, 1987
it 1415 UTC {Undversal Time Coordinaie ). The scale of the image is approsimabely 5° sguare f-'l'h:' conti-
nental uutline in the upper right is the Olympic Peninsula of Washinglon, and the one in the lower Hghl is
Cape Blanco on the Oregon coast. The linear features in the center of the image are ship tracks, v:nll:nuw-
ments of otherwise thin sttlocumulus clouds cagsed by sulfur gos and particulate emissions of fassing
ships. The gray sk on the right indicates the vi :

Hartmann

sible afbeda. (Image coumesy of Roben Pincws. )



 Estimates suggest 100+% anthropogenic increase in nucleli over source
areas, 25% over remote NH oceans from wind transport of aerosols, and
Imply indirect effect is as big as direct effect.

e Overall effect of aerosol isto cancel 20-50% of the radiative impact of
greenhouse gas. Large uncertainty about aerosol absorption, indirect effect.

* |f man stopped producing aerosol, would take only aweek or two to
approach pre-industrial levels!



Proj ections of Greenhouse Emissions

 Without mitigation, greenhouse emissionsrise...
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Ngure 5: (2) Total anthropogenic CO, emissions under the IS92 emission scenarios and (b) the resulting atmospheric Co,
oncentrations calculated using the “Bern” carbon cycle model and the carbon budget for the 1980s shown in Table 2.
IPCC 1995

e Even if emissions are stabilized at current levels, CO, reaches double prein-
dustrial values by 2100.



 Rapidly increasing human greenhouse effect

8 T T ‘ I ‘ IS92e
a
(@) S92
B I
Il
I Iss2a
N I' fis92b
& b3
| []
S
E " 1S92d
o
£
S 4 1S92¢
5 4
QO
=
gt
©
c
2,
0 T 4 oot b
1750 1800 1850 1900 1950 2000 2050 2100

Year

Radiative forcing (Wm—2)

1

1

"7 “"SUiphata aerosol - indirect

1 1

Biomass aerosol

Sulphate aerosot - direct |

1 i 1

2000

2020

2040
Year

2060 2080

2100



Climate Feedbacks

The greenhouse effect isindisputable. Nevertheless, even if we perfectly
knew future CO,, there is some uncertainty about how much warming, and

how fast, it will lead to due to natural climate feedbacks:
Water vapor (positive)
Clouds (unclear)
Snow and ice cover (positive)
Ocean circulation (delays)

Water vapor - likely a positive feedback
« Water vapor is a balance between surface evaporation (faster at low RH) and
precipitation (requires high RH), maintaining an equilibrium pattern of RH.
o At higher temperatures, more water vapor Is required to produce this RH
pattern.
CO,t I temp.t I water vaport [J greenhouset
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Other feedbacks

e temp.t O snow andice! 0 abedo ! (+)
» Clouds are complex to model, feedback uncertain
» Oceans slower to warm, short-term heat sink.

Global climate models (GCMSs) interactively coupled to computer model s of

ocean circulation simulate these climate feedbacks

» Weather forecast models with coarser grid spacing of 200-500 km [J can
simulate 100 or more years.

o Careful representations of relevant physical processes: clouds, radiation,
surface characteristics, seaice, €etc.

» Tested on past/current climate, seasonal march, weather.

e InUS, two main models are run at NCAR (Boulder, CO) and GFDL (Princ-
eton).

« GCM predictions have uncertainties, and different plausible model s produce
sightly different results but are our best current guess at climate change in
next 100 years.



Predictions of Climate Changein Next 100 Years

While many uncertainties, best
current information suggests
climate will warm alarmingly
(2-5 C global average, larger
toward poles) in next 100 years
unless strong measures are
taken to curb fossil fuel con-
sumption/greenhouse gas emis-
sion. US (5% of world
population) creates 25% of
problem now.
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rigure 1313 (EOM old edition)

Projected warming of the earth's surface by various computer models due to increasing
lewals of greenhouse gases. The range of the warming (orange shade) shows that the models
predict a warming of between about 2°C and 5°C by the year 2100, If these predictions are
correct, mean global temperatures within the next 100 years will be higher than they have
been in the previous 150,000 years. The red line shows the change in earth's mean surface
temperature from about 1860 to 1990, (Data from Intergovernmental Panel on Climate
Change and Mational Academy of Sciences )



Predicted warming ismuch larger in polar regions
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Projected changes in surface air
temperature due to doubling of
CO, and human-induced sulfur
enmssions with an Atmospheric-
Ocean General Circulation Model
(AQGCM). Natice that the great-
est warming is projected for the
northern polar latitudes, [After |,
F. B. Mitchell, et al., “Transient
climate response to increasing
sulphate aerosols and greenhouse
gases,” Nature {1995) 376:
501-504,]



Climate Change in the Northwest
(Scenario: 1% per year CO, increase 1990-)

an T T T T T T T T T T T T T T T J ag

Terperatue, der F

) Mean cllmate ] Mean precipitation
i for 20th century predictons from
dsi— liraate roodal —0 Uuw

- CIG
| | | I [

Fresent 2010 200 A0ED 2040 2060




Results from one model
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Predicted snowpack
reduction >50% by | mpacts
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So what areweto do...

 Precaution suggests that we try to stabilize climate before enormous
changes occur.

* Internationally, greenhouse warming is recognized as a serious problem.

« Kyoto protocol isagood start, but US Congress has refused to ratify or sup-
port attempts to implement an energy policy that might significantly curb
greenhouse emissions.

 Elect and support leaders and organizations who will provide vision.
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