
te

It is w face tempera-
tures ning of man-
made

Two een identified.

1. Gr
2. Ae
Lecture 36   Anthropogenic Effects on Clima

ell-documented that globally averaged land and sea-sur
 have increased 0.5 C in the last century. Is this the begin
 global warming?

major anthropogenic ‘forcings’ on global climate have b

eenhouse gas concentrations are increasing
rosol concentrations are increasing



• If t onfidently that
dou e mean surface
tem

• The e first to predict
gre

EOM 2.10
The greenhouse effect

he earth’s atmosphere were dry, we could predict fairly c
bling pre-industrial CO2 (likely by 2100) would increas
perature about 2 C.
famous 19th century Swedish chemist Arrhenius was th

enhouse warming.



g

• Cu sil fuel (80%)
and

• Ha me of 50+ years.
• If w ke 50 years for

CO
Greenhouse gas concentrations are increasin

rrently, 7 gigatons/yr of CO2 produced by burning of fos
 deforestation 20%).

lf accumulates in atmosphere, where it has a residence ti
e totally stopped burning fossil fuels/forests, it would ta

2 to return half way to preindustrial levels.

Hartmann, fig 8.6



Other anthropogenic greenhouse gasses

Courtesy of Dennis Hartmann, based on IPCC 1995.

(CFC’s)



Meth
ane also increasing

IPCC 95



Minu 1 micron in
diam e and is washed
out in

Natu
dus es)

Manm
sul ocesses, wood
bur

• Ae e temperatures.
• Som atmosphere

(Ku
Aerosols

te hygroscopic (water-attracting) particles, usually 0.01-
eter. Source is at surface, so most aerosol is in tropospher
 days-weeks by precipitation.

ral:
t, salt, soot (fires), sulfate (ocean phytoplankton, volcano
ade:

fate (coal/oil combustion), soot & organics (industrial pr
ning, spraying)

Aerosols and Climate
rosols reflect more sunlight back to space, cooling surfac

e aerosols (soot, smoke) absorb sunlight, warming the 
wait oil fires).



• Sul
sul
(Pi
Tam
ton
glo
mo

• Sul
the
ofte
ern
me
this
Asi

ace (4 → 1%)
fur-rich volcanic eruptions  inject
fate aerosol into the stratosphere
natubo, 1991 - 20 million tons;

bora, 1815 - hundred million
s), where it survives for years→−
bal cooling of 0.5 C (Pinatubo) or
re (Tambora) in next year.

fates, soot comprise
 industrial haze that
n blankets the east-

 US, Europe in sum-
r.  Winds transport
 haze over central
a, oceans.

Extra Sunlight reflected back to sp

Hartmann



• Ae
wh

• Mo
wa
into

• Co
dro
clo
ing

• Str
trac
Indirect Effect of Aerosols

rosols are the nucleii on
ich cloud droplets form
re aerosol particles fi
ter in clouds is divided
 more smaller droplets.

mbined surface area of
plets is larger, increasing
ud reflectivity and  cool-
 climate.
iking example - ‘ship
ks’.

Hartmann



• Est  over source
are aerosols, and
imp

• Ov e impact of
gre , indirect effect.

• If m or two to
app
imates suggest 100+% anthropogenic increase in nucleii
as, 25% over remote NH oceans from wind transport of 
ly indirect effect is as big as direct effect.

erall effect of aerosol is to cancel 20-50% of the radiativ
enhouse gas. Large uncertainty about aerosol absorption

an stopped producing aerosol, would take only a week 
roach pre-industrial levels!



• Wi

• Eve es double prein-
dus

995
Projections of Greenhouse Emissions

thout mitigation, greenhouse emissions rise...

n if emissions are stabilized at current levels, CO2 reach
trial values by 2100.

IPCC 1



• Rap
idly increasing human greenhouse effect



The g e perfectly
knew warming, and
how 

Wa
Clo
Sno
Oc

Wate
• Wa at low RH) and

pre  pattern of RH.
• At duce this RH

pat
        
Climate Feedbacks

reenhouse effect is indisputable.  Nevertheless, even if w
 future CO2, there is some uncertainty about how much 
fast, it will lead to due to natural climate feedbacks:
ter vapor (positive)
uds (unclear)
w and ice cover (positive)

ean circulation (delays)

r vapor - likely a positive feedback
ter vapor is a balance between surface evaporation (faster
cipitation (requires high RH), maintaining an equilibrium
higher temperatures, more water vapor is required to pro
tern.
        CO2↑ ⇒  temp.↑ ⇒  water vapor↑ ⇒  greenhouse↑

+



• tem
• Clo
• Oc

Glob uter models of
ocean
• We 00 km ⇒  can

sim
• Car ds, radiation,

sur
• Tes
• In U d GFDL (Princ-

eto
• GC models produce

slig mate change in
nex
Other feedbacks

p.↑ ⇒  snow and ice ↓ ⇒  albedo ↓  (+)
uds are complex to model, feedback uncertain

eans slower to warm, short-term heat sink.

al climate models (GCMs) interactively coupled to comp
 circulation simulate these climate feedbacks

ather forecast models with coarser grid spacing of 200-5
ulate 100 or more years.
eful representations of relevant physical processes: clou
face characteristics, sea ice, etc.
ted on past/current climate, seasonal march, weather.
S, two main models are run at NCAR (Boulder, CO) an

n).
M predictions have uncertainties, and different plausible
htly different results but are our best current guess at cli
t 100 years.



ars

Whil
curre
clima
(2-5 
towa
unles
taken
sump
sion.
popu
probl
Predictions of Climate Change in Next 100 Ye

e many uncertainties, best
nt information suggests
te will warm alarmingly

C global average, larger
rd poles) in next 100 years
s strong measures are
 to curb fossil fuel con-
tion/greenhouse gas emis-
 US (5% of world
lation) creates 25% of
em now.

(EOM old edition)



ions
Predicted warming is much larger in polar reg



(Scen

W
G

Climate Change in the Northwest

ario:  1% per year CO2 increase 1990-)

U
CI



Each  (1000
ft)...2

W
IG
 2 C (3.5 F) of warming causes snowline to rise by 300 m
500´ (2000) → 5500´ (2100).

Results from one model

U
C



Predi
reduc
2050

une

0 600 700 800 900
cted snowpack
tion >50% by
.

Base

March J

~2025

~2095

0 100 200 300 400 50

mm water
       equiv

Impacts:
 Summer water
 Forests
 Salmon
 Skiing



• Pre normous
cha

• Inte ous problem.
• Ky to ratify or sup-

por ificantly curb
gre

• Ele e vision.
So what are we to do...

caution suggests that we try to stabilize climate before e
nges occur.
rnationally, greenhouse warming is recognized as a seri

oto protocol is a good start, but US Congress has refused
t attempts to implement an energy policy that might sign
enhouse emissions.
ct and support leaders and organizations who will provid


	Lecture 36 Anthropogenic Effects on Climate
	It is well-documented that globally averaged land and sea-surface temperatures have increased 0.5...
	Two major anthropogenic ‘forcings’ on global climate have been identified.
	1. Greenhouse gas concentrations are increasing
	2. Aerosol concentrations are increasing

	The greenhouse effect
	• If the earth’s atmosphere were dry, we could predict fairly confidently that doubling pre-indus...
	• The famous 19th century Swedish chemist Arrhenius was the first to predict greenhouse warming.

	Greenhouse gas concentrations are increasing
	• Currently, 7 gigatons/yr of CO2 produced by burning of fossil fuel (80%) and deforestation 20%).
	• Half accumulates in atmosphere, where it has a residence time of 50+ years.
	• If we totally stopped burning fossil fuels/forests, it would take 50 years for CO2 to return ha...

	Other anthropogenic greenhouse gasses
	Methane also increasing

	Aerosols
	Minute hygroscopic (water-attracting) particles, usually 0.01-1 micron in diameter. Source is at ...
	Natural:
	dust, salt, soot (fires), sulfate (ocean phytoplankton, volcanoes)
	Manmade:
	sulfate (coal/oil combustion), soot & organics (industrial processes, wood burning, spraying)
	Aerosols and Climate
	• Aerosols reflect more sunlight back to space, cooling surface temperatures.
	• Some aerosols (soot, smoke) absorb sunlight, warming the atmosphere (Kuwait oil fires).
	• Sulfur-rich volcanic eruptions inject sulfate aerosol into the stratosphere (Pinatubo, 1991 - 2...
	• Sulfates, soot comprise the industrial haze that often blankets the eastern US, Europe in summe...


	Indirect Effect of Aerosols
	• Aerosols are the nucleii on which cloud droplets form
	• More aerosol particles ﬁ water in clouds is divided into more smaller droplets.
	• Combined surface area of droplets is larger, increasing cloud reflectivity and cooling climate.
	• Striking example - ‘ship tracks’.
	• Estimates suggest 100+% anthropogenic increase in nucleii over source areas, 25% over remote NH...
	• Overall effect of aerosol is to cancel 20-50% of the radiative impact of greenhouse gas. Large ...
	• If man stopped producing aerosol, would take only a week or two to approach pre-industrial levels!

	Projections of Greenhouse Emissions
	• Without mitigation, greenhouse emissions rise...
	• Even if emissions are stabilized at current levels, CO2 reaches double preindustrial values by ...
	• Rapidly increasing human greenhouse effect

	Climate Feedbacks
	The greenhouse effect is indisputable. Nevertheless, even if we perfectly knew future CO2, there ...
	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 (requ...
	• At higher temperatures, more water vapor is required to produce this RH pattern.

	CO2� ﬁ temp.� ﬁ water vapor� ﬁ greenhouse�

	Other feedbacks
	• temp.� ﬁ snow and ice Ø ﬁ albedo Ø (+)
	• Clouds are complex to model, feedback uncertain
	• Oceans slower to warm, short-term heat sink.
	Global climate models (GCMs) interactively coupled to computer models of ocean circulation simula...
	• Weather forecast models with coarser grid spacing of 200-500 km ﬁ can simulate 100 or more years.
	• Careful representations of relevant physical processes: clouds, radiation, surface characterist...
	• Tested on past/current climate, seasonal march, weather.
	• In US, two main models are run at NCAR (Boulder, CO) and GFDL (Princeton).
	• GCM predictions have uncertainties, and different plausible models produce slightly different r...


	Predictions of Climate Change in Next 100 Years
	While many uncertainties, best current information suggests climate will warm alarmingly (2-5 C g...

	Predicted warming is much larger in polar regions
	Climate Change in the Northwest
	(Scenario: 1% per year CO2 increase 1990-)
	Each 2 C (3.5 F) of warming causes snowline to rise by 300 m (1000 ft)...2500´ (2000) Æ 5500´ (21...
	Predicted snowpack reduction >50% by 2050.

	So what are we to do...
	• Precaution suggests that we try to stabilize climate before enormous changes occur.
	• Internationally, greenhouse warming is recognized as a serious problem.
	• Kyoto protocol is a good start, but US Congress has refused to ratify or support attempts to im...
	• Elect and support leaders and organizations who will provide vision.


