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What is Climate?

(a) Mean atmospheric conditions at
the Earth’s surface (traditional view)

(b) Means and higher moment
statistics that characterize the
structure and behavior of the

atmosphere, hydrosphere, biosphere,

and cryosphere.

Components of Climate System

Atmosphere:
0-10 km Troposphere
10-50 km Stratosphere
50-80 km Mesosphere
80+ km  Thermosphere

Hydrosphere:
All water in liquid phase distributed
on Earth (oceans, interior seas,
lakes, rivers, subterranean waters)

Cryosphere:
Large masses of snow and ice on
Earth’s surface (extended ice fields
of Greenland and Antarctica, other
continental glaciers and snow fields,
sea ice, and permafrost)

Biosphere:
Terrestrial vegetation, continental
fauna, flora and fauna of oceans

Lithosphere:
Continents and ocean floor



The Atmosphere Response Times of Climate System Components

Climate System Response Time
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Why do we care?

(1) Climate has historically been a
determining factor in

* distribution of biomes
e patterns of food production
* distribution of populations

(2) Humans are disrupting the

atmospheric composition and thus
the climate.
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Climate Change over the Millennia
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Climate changes due to . . .

(1) External forcing
* solar variability
e Earth orbit variations

(2) Internal forcing
* atmosphere-ocean interactions

(inherent instabilities or
oscillations of the system)

s



RELATIVE VARIANCE

Climate Forcing
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Humans are perturbing climate
through emissions of . . .

Gas

Rate of
Increase

Anthropogenic
Sources

CO2

0.5% yr-1

Fossil-fuel use,
deforestation & other
land-use changes

CHa

0.9% vyr-1

Rice cultivation,
domestic ruminants,
natural gas use,
biomass burning,
landfills, coal mining

CFC-11
CFC-12

4% yr-1

aerosol propellants,
refrigerants, foam-
blowing agents
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N2O

0.25% yr-1

fertilizer use, land-
use change,
combustion, biomass

burning




Human-induced increases in CO2
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Interaction among climate components

Atmosphere .

-

™\

Mass :
Hydrosphere .; Biosphcre
Energy Momentum
Cryosphere Lithosphere

~_

e

- Solar radiation provides almost all

of the energy that drives the climate
system.

* Solar energy reaching top of
atmosphere is...

(1) Partially transferred

(2) Partially transformed into other
forms of energy that are eventually
dissipated by general circulations
of the atmosphere and oceans

(3} Partially used in chemical and
biological processes
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Earth’s interception of solar radiation Earth’s Blackbody Temperature

Average solar flux reaching the top of the atmosphere F,=F,, or T = d-a)Q

Q 2 _ Q) w
= =& === =340 X,
sagetTRE =G =000 N,

/6. [ *
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Absorption spectra for greenhouse gases
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a = albedo of Earth svstem = 0.3

To = temperature of upper layer of atmosphere

T = temperature of lower laver of atmosphere

Ts = temperature of Earth’s surtace

Fs = [ ortion of solar luxed absorbed in atmosphere = 86 W/m?2

Fe = convective heat transter from surtace to atmosphere = 17 W/m?2
Fe = flow of latent heat rom evaporating surface water = 80 W/m2
Fw = IR flux that goes directly from surface to space = 20 W/m2



Earth’'s Average Surface Temperature

Energy balance for the whole system:

Q _ al) 4
Z = 1 + 0Ty + F,

Energy balance for the top layer of the
atmosphere:
26T = o1} +0.5 . + 0.7 F,

Energy balance for the bottom layer of
the atmosphere:
26T} = 0Ty +GTd-F, +F.+0.5F, + 0.3 F,

Solutions:

To = 200K = -23°C

Ty = 278 K = +5°C

Ts = 289K = +16°C

* Human induced increases in
greenhouse gases lead to increases
in radiative forcing on the Earth’s
surface.

* Radiative forcing is any increase in
downward radiation reaching the
Earth’s surface that perturbs the
balance between received and
emitted energy.



Earth'’s perturbed surface temperature

* [n the absence of feedbacks, increased downward
infrared radiation at the Earth's surface would result
in warmer surface temperatures.
5
1 ] .| “ag /‘\ Fuw But
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V4 *
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SN
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1 « Yy
] I L] - -
VoY \ I F>1. positive feedback
':_"._ 'lu‘ (amplify initial change)
F < 1. negative feedback
Unperturbed:

{reduce or reverse initial change)

= W/ m2 reaching surface
= 397 W/m2 emitted by surface

inirared Muxes (o Tyd)
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Potential Feedbacks:

ATs0 > 0 will

Resulting in

T evaporation of
water, stock of water
in atmosphere

F>1 (vapor)

F>1or (clouds)
O0< T<l

linice caps, L in
albedo in polar
regions

‘F>1

T ocean temperature,
T in outgassing of CO2

T in atmospheric

CO2 (F>1)

ATsD > 0 = an initial increase in the Earthv's surface temperature

ATS* = _‘F Ar]-‘g-,'o

ATS‘ =
(F=2.0105.2)

2.0 10 5.2 for various climate models

i

Cloud Feedbacks

INCOMING SOLAR REFLECTED SOLAR
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RADIATION RADIATION INFRARED RADIATION
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e EMISSION
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_ 14 "
et ABSORPTION )
Eég ; REFLECTED /’av H0, CO5 RE 5
: 3 BY SURFACE Al
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IN CLOUDS INFRARED RADIATION HEAT  HEAT
FROM SURFACE FLIUX FL%JX
1

FIGURE6.3. Schematic diagram of the global radiation budget in the climatic system. A value of
100 units is assigned to the incoming flux of solar energy.

Whether clouds are a positlive or negative feedback
depends on

s cloud amount

clouds rellect incoming solar radiation (- feedback)
" infrared radiation (+ feedback)

* cloud aliifude
displaced to higher, colder region (+ feedback)
" “ lower, warmer region (-~ feedback)

* cloud walter content
increased, brighter clouds (- [eedback)




Earth’s Albedo Absorbed and Emitted Radiation
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Atmospheric and ocean currents transfer
energy from the Equator to the Poles

The equations describing the circulation
patterns of the atmosphere and the
oceans are derived from the

* conservation ol mass

e conservation of momentum (Newton's
2nd Law)

* conservation ol energy

Y

Conservation of mass

mzfpd\/

%—Tz%[pdv :-—ip(’i-d_s'
By Green's theorem
ipaﬁézfmmadv
Giving
dp

fbf+vmahw=o

or



Equation of Continuity
X L pVE+ TV =0

where

p = density

¢ = wind velocity

Equations

dc,
dt
e
velocity in
absolute,

non-rotating

reference
frame

of Motion

V —
P _ VO + F
p —— o
\—_\,._.—/
force due  gravitational frictional
to changes force force

in pressure

To move to a rotating [rame on the surlace of the

Earth:
dc., e . L
1 ac — -
S = + 2 Q x ¢ + Q) x (QxR
Coriolis Centripetal
force force

where

Q = angular velocity of the Earth



52,

Table 3.2(a): Summary of results from globaf mixed-laver ncean-atmosphere modeis used in equilibrium 2 x C 02 ¢

Xperiments
——
E RESOLUTION
N No. of No. of Diumal  Conv- Ocean Cloud Cloud AT AP
T Group  Investigators Year waves, Vertical Cycle ection  Heat Prop- (°C) (%) COMMENTS
R or "lat. x Layers Trans- erties
Y ‘long. port
A. _Fixed, zonally averaged cloud; no ocean heat transpori
I.  GFDL Manabe & Stoutfer 1980 R15 9 N MCA N FC F 2.0 1.5 Based on 4 x CO5 simulation
2. Wetherald & Manabe 1986. 8 RIS 9 N MCA N FC F 3.2 nfa
B. Variable cloud; no ucean heal transport
3 osu Schiesinger & Zhas 1989 4" x5 2 N PC N RH F 2.8 8
4. 1989 1 x5 2 N PC N RH F 4.4 1 As (3. but'with revised clouds,
5. MRI Noda & Tokioka 198Y 4" x5 5 Y pPC N RH F 43 *  7* * Equilibrium not reached
6 NCAR Washington & Aechl 1984 R15 g N MCA N RH F 35 % 7* * Excessive ice. Eslimate AT = 4°C at cquilibrivin,
7 19849 RIS 9 N MCA N RH F 4.0 8 As (6). but with revised albedos for sca-ice, snow,
8 GFDL Wetherald & Manabe 1986. 8 RIS 9 N MCA N RH F 4.0 9 As (2}, bul with variable cloud.
C. _Variable cloud; prescribed uvceanic heat transport
9. AUS Gosdon & Hum 1989 R21 4 Y MCA Y RH F 4.0 7
0. GISS Hansen et al. 1981 B 1 7 Y pPC Y RH F 39 nfa
il. Hansen et al. 19R4 R x 1y 9 Y pC Y RH F 4.2 M
12. Hansen et a4l 1984 R x 10 9 Y pC Y R F E I3 As (112, but with more sea-ice control,
13, GFIL Wetherald & Manabe 1989 1 RIS 9 N MCA Y RH F 4.0 b
. MGO Mcleshho e at taan 12t Y N PC Y RH F nfa /s Simulation in progress,
15 UKMO  Wilson & Mucheli 1987 5 ¢ 7.5 ] Y rc Y RH F 52 15
6. Mitchelt & Warrilow FIR7 ST 7S 11 Y PC Y RIl F 5.2 15 As (15}, bt with four revised surlace schemes.
17, Mitchell o1 al. [Y8Y 5 v 78" il Y ¢ Y W g 2.7 6 As (16). bul with cloud water scheme.
IR IREL Sy 15 I Y IC Y w I 3.2 8 As 1T, but witl alternative ice formulation.
1y, |98y 5 % 7.5 11 Y PC Y CwW A [y 3 As (17). but with variable cloud radiative propertics,
D.  High Resolution
20. ccc Boer et 9% 12 ) Y MCA Y RH v 3.4 4 ¥ "Soft” convective adjustment,
2. GFDL Wetherald & Manabe 1984t Rin 9 N MCA * RH I 4.0 R * S88Ts prescribed, changes prescribed from (13).
22, UKMO  Mitchell ¢ al LORY 25°%1750 1) Y re Y cw F 15 4 As (18). but with gravity wave drag.
All models are global, with 1e

alistic geography. a mixed-layer ocean, and a seasonal cycle of insolation, Except whete stated, results are the equilibrium response 1o doubling CO,.

RT = Rhomhnidulfrriunguhr truncution in spectral space; AT = Equilibrium surface temperature change on doubling CO,. AP = Percentage change in precipitation:
N = Not included; Y = Included; MCA = Muoist convective adjustment;

PC = Penetrative convection: CA = Conveclive adjusiment: cw = Cloud water;

FC = Fixed cloud; RH = Condensation or relative humidity based cloud; v = Variable cloud radiative propertics;
F = Fixed cloud radiative properties: t = Personal communication. n/a = Not available

GFDL = Geophysical Fluid Dynamics Laborastory Princelon, USA: NCAR = National Center for Atmospheric Research, Buulder, CO, USA: MRI

= Meteorological Rescarch Institute, Tapan;

MGO = Main Geophysical Observatory, Leningrad, USSR: cce UKMO = Meteorotogical Otfice, United Kingdom,

= Canadian Climate Center:
AUS = CSIRO, Australia;



dc = _VP
1t+2QXC— —-—~—p -V® +F
where

V& includes centripital force

3

In the horizontal direction. . .

dt’

SO

(20 xC )0 = ( V;p)hor

This is the Geostrophic Balance

{dC - Vo' F}

hor

Winds in the horizontal direction tend
to blow parallel to lines of constant

pressure (isobars)



Geostrophic Balance

H
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General Circulation of the Atmosphere

POLAR
HADLEY

JET STREAM

AN

NORTHEAST TRADES
“—-—— INTERTROPICAL CONVERGENCE —a—

HADLEY
_—
\ OUTHEAST CELLS
TRADES C\V\

ww
JET STREAM O (X) JET STREAM

I

HGURE 2-21 W—wasterlies

Main fearures of the general globai circulation, PQLAR :f_ PT-E:L:;I’:::::;::?QM
Flows near the surface and cross-sections of the HADLEY L -=lOw

main circulations in the upper woposphere. CELLS H—high



Models that simulate atmospheric
circulation are known as “General
Circulation Models of the Atmosphere”
(GCMA’s)

Atmosphere is divided

* vertically into discrete layers {2-11)

* horizontally into cells
(4" - 8Natitude X (57 - 100)10ngitude

Equations describing conservation of
mass, energy, momentum solved within
each grid cell.

<7

GCMA’s treatment of Oceans

* Slab ocean, mixed layer only

* Heat transport vs. no heat transport

Treatment of oceans in GCMA’s means

* Time lags between radiative forcing
and change in surface temperatures
(due to high oceanic thermal mass) are
not well simulated.

* Regional ditferences in climate change
due to ocean transport of heat are not
well simulated.



Soil Moisture and Vegetation

"|\ Evaporation 1

Bucket Bucket w/
Method insulating
layer

Evapotranspiration

Vegetation

7.

Types of Models and “Experiments”

e GCMA's

o) o

g o
< /' =5 {0 100 yrs

Time Time
Equilibrium Response
s Legend
1 B CFCs & HCECs

[0 strRATH2O

Radiative Forcing (Wm-2)
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0 T ¥ T
1750 1800 1850 1900 1559 2000

Year



Global Warming Potentials (GWP’s)

GWP's depend on

* position and strength of the absorption
bands of the gas

* lifetime in atmosphere

* time period over which climate effects
are of concern

GWP's for release of 1 kg of each trace gas,
relative to CO2

Global Warming Potential

Trace Gas Esumated Lifetme,
vears Integration Time Horizon. Years
20 100 SO0
Carbon Dioade N i | |
Methane - in¢ indirect o 63 kel 8]
Nizrous Oxde 150} 270 290 190
CFC-11 o) 4500 3500 1500
CFC-12 F3) T 7300 1501

G

* Coupled Atmosphere-Ocean Models
(GCMA’s & GCMO’s)

ON '5 Equilibrium AT

9 o

< < ’/Qealized AT
Time Time (= 20 to 60 yrs)

Transient Response

OC\I 6‘ Equilibrium AT

U e——

< > Realized AT
Time Time (= 25 to 100 yrs)

Time-dependent Response

(Reaching equilibrium for coupled ocean-
atmosphere models would take hundreds to
thousands of model years. and is beyond the
capacity of current computers)

7



GCMA’s and GCMO’s with Carbon
Budget Models (Ocean and Terrestrial)

“direct” CO,

AI_'EC[” COQ

+ feedbacks

Equilibrium AT

/éalized AT

Time Time

ACO,
AT (C)

Only about 50-60% of the carbon
emitted each year from fossil-fuel use
and deforestation remains in the
atmosphere (airborne fraction). Rest
is dissolved in the ocean or taken up
by the biosphere.

Components of a coupled
atmosphere-ocean-biosphere model

Changes of
sclar radiation

SPACE a 4} I

I J ATMOSPHERE
terrestnal
radiation
H:0. Na. Oy, COu. Q5. e1c
Aercsol
precipitation
atmosphere-land coupling almosphere-ice coupling avaporation
neat exchange wind stress
Z

ce-
Changes ot lczu(:l:uiagn ﬁ almosphere-ocean coupling OGEAN

atmospheric composition 4o
Changes ot lang fealures, EARTH
arography, vegetation,
arbedo, ete

Changes of ocean basin
shape, saiinity stc.

Figure 3.1: Schematic illusiration of the camponents of the coupled atmosphere-ocean-ice-land climatic system. The full arrows
examples of extemal pracesses, and the upen amows are examples of intemal processes in climalic change {from Houghion, 1984)

Gt



Ocean Storage of Carbon The Global Carbon Cycle

Deforestation -
»  Atmosphere e -

e D> e K 150 + 3/yr SR T

pcoz)atm 1-2 56 1 t

- r
110 60 70 80 22 35
{V
Biota

5%0 1 + iy
&&&g@@g&g # et \M—‘M Warjr’! surface w0 A—ﬂﬂ: ;ZO%Id surface * —!
}%‘ Biota =

*“] Rivers
2)ocean cei foe i a e
Fossil fuel Soil and detr;t;;o 0.5 q_i— 207 10 3 lta y
CO,(g) + H,0 < H,CO, (aq) (dissolved CO2) 2 7 7 !
Carbon: r : -
) Reservoirs in 1015 grams Intermediate and deep waters
H,CO; (aq) < H* + HCO; (carbonate) e veas 38,000 +1/ye
+
B“ grams = 1 billion metric tons Sedi tation 0.5
) ) ) . mentation 0.
HCO; ¢ H' + CO3 (bicarbonate) -

Units are gigatons of carbon {GtC: 1 Gt = 109 metric
tonnes = 1012 kg)

Total Dissolved Inorganic Carbon (DIC) =

[HQCOS] [HCOJ] + [COZ_] * Oceans have 98% of the total ocean +
(0.5%) (88.8%) (10.7%) atmosphere stock of CO»




Distribution of DIC in the Oceans

DIC =

CEELC00EEE550.5.066605.666

2050 - 2080 mmol/kg  mixed layer

2160 - 2360 mmol/kg  deep ocean

Differences in DIC between shallow
and deep ocean due to

e “Solubility pump”
(=10% of difference)

e “Biological pump”
(=90% of difference)

67 .

Solubility pump

Cold, dense water
High solubility of CO,

l Co,

F s

North Atlantic

Warm water
Low solubility of CO,

T CO,

NS

Equatorial Pacific,
northern Indian Ocear

45



The Biological Pump The Biological Pump could change
due to . ..

* Changes in upwelling, ocean
currents

* Anthropogenic effects on

co, o @ phy_tgplanton (e.g., ozone, nitrogen
— e, @ fertilization)
@ @ ®
hytoplank

Euphotic zone phytoplanicon
S T
Decomposition ]l ©
zone -

1 Dead organisms

\

[ O N I |
1 T 1T 11T

Concentration




Anthropogenic Nitrogen Fertilization

Nitrogen fixation rate (Tg(N)/y)

100 4

2

5

Natural N-fixation

Fossil-fuel use

Legume production

Fertilizer use

5

Biological Pump Feedback

pCO2

(ppmV)
IPCC "Business as 785
Usual” Scenario
Biological pump “off" in 955
Southern Ocean (south
of 31.12 °S)
Biological pump at full 670
strength
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Terrestrial Carbon Cvcle Feedbacks

increase
Temp of soil

increase
water-use
efficiency
of plants

increase soil
meisture

Y

increase
decomposition

rates \

increase N
availability

Decrease C
in soils

Increased CQO2

increase
photosynthesis

increase plant
growth

increase total
water use

decrease soil
moisture

decrease
decomposition
rates

decrease N
availability

Increase C
in soils

Increase C ’ * Jant
in vegetation decrease plant

growth

)LCTC&SC
in vegetation
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The terrestrial biosphere may be

sequestering additional carbon due
to. . .

* increased availability of CO»

* increased availability of fixed
nitrogen

* increased temperatures
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Results of the GEM analysis

1,000

CARBON  ® NITROGEN

800

21,800
22,000

22,200

PLANTS

CONTROL 2XCO2 +STEMP 2XCO2
+5 TEMP

11,000+
10,000

9,000

gC/m2

6,000

7,000

8,000 ™

8,000

SOIL ORGANIC MATTER

Figure 4. Simulated plant and soil stocks of carbon and nitrogen in arctic tundra (upper graph) and
temperate hardwood forest {lower graph) after exposure for 50 years to adoubling of CO» concentration,
a 5 °C increase in temperature, a combined CO3 and temperature increase, and 2n increase in nitrogen

CONTROL 2XCO2 +5TEMP 2XCOC2
+5 TEMP

+01HN
INPUT

deposition of 0.1 N m™” month™ over the growing season.

gN/m

gN/m2

580

6C0

620

Estimated Sources and Sinks of

‘Methane (CHa)

Tg (1012 g
CHgq per year
Sources 475
Natural 155
* Wetlands 115
* Termites 20
* Ocean 10
e Freshwalter 5
*» CH4 Hydrate 5
Anthropogenic 360
* Coal mining, natural 100
gas, & petroleum
industry
* Rice paddies 60
* Enteric fermentation 80
* Animal wastes 25
* Domestic sewage 25
treatment
» Landfills 30
* Biomass burning 40
Sinks 500
Atmospheric removal 470
Removal by soils 30
So irces - Sinks - 25
Atmospheric Increase 32
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Estimated Sources and Sinks of
Nitrous Oxide (N2O)

Estimated Sources and Sinks of
Anthropogenic CO2

Tg (1012 g)
N per year
Sources 5.2-14.2
Natural 4.2-8.5
¢ Oceans 1.4-2.6
* Wet Tropical Forests 2.2-3.7
* Dry Tropical 0.5-2.0
Savannas
* Temperale Forests 0.05-2.0
* Grasslands ?
Anthropogenic 1.0-5.7
e Cultivated Soils 0.03-3.0
* Biomass Burning 0.2-1.0
* Stationary 0.1-0.3
Combustion
* Mobile Sources 0.2-0.6
* Adipic & Nitric Acid 0.5-0.8
Production
Sinks 7-13
Removal by soils ?
Photolysis in 7-13
Stratosphere
Sources - Sinks -0.3
Atmospheric Increase 3-4.5

Pg (1015 g

C per year
Sources 7.0+1.2
* Fossil-fuel burning 54105
* Changesinlanduse 1.6+ 1.0
Sinks 52+0.6
Atmosphere 3.2+0.1
Oceans 2.0+£0.6
Missing Sink 1.8+ 1.3

How do we “balance” the CO2 budget?

* Interhemispheric differences in CO2

¢ Carbon Isotopes

* Oxygen content of atmosphere
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Interhemispheric differences in CO2 Carbon Isotopes

Increases 13C/12C

—(\ in the atmosphere

2)northern > (Coz)s)theny

' 13C/12C in the
atmosphere unchanging

mi CO2
U A

(CO

natitatita?

Lowers the 13C/12C ratio
in the atmosphere

® N-S difference in COz is only about 3 ppm,

smaller than would be expected with known [
sources and sinks.

(Interhemispheric mixing time for gases = | year)

[T

L.



Oxygen content of atmosphere

Increases O2 content
of the atmosphere

S

CO2 + H20 -->
CH-20 + O9
Q2 content of the
atmosphere unchanging
i CO2
Lowers O concentration in atmosphere
CHy + {l +y/4)0g --> CH20 + Og -->
y/2 H20 + CO2 COz2 + H20

Oxygen Content of the Atmosphere

1989 1990 1991
0 T T T I T Y T l T T T I L
-20
~-40Q F
= -80
Q
E -80
@ -100
e .
oy - 120 *
.
-140
Y
O -1s50}p - -
“ s | - in situ data

s Flask data

-200 F
20 —Fitted curve

~220

Fig. 16. O,/N, ratio in air at La Jolla, California vs. time
from 1989-1992. Units of per meg are defined in the text.
The ratio increase in the summertime as land and marine
plants grow, producing O,, and falls in the winter due to
respiration. Note the long term decrease in the O,/N, ratio
of air. which mainly reflects anthropogenic consumption of
O, due to the burning of fossil fuels.
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What are the causes and consequences
of climate change?

* Scientists are certain that human activities
are increasing greenhouse gas
concentrations in the atmosphere.

* Scientists are reasonably certain that these
increases in greenhouse gases will on result on
average in additional warming of the Earth's
surface (above and beyond the “natural”
greenhouse effect)

6

How much warming can we expect?

* [PCC “Business-as-Usual” scenario results in
warming of 0.3 °C per decade over the next
century (0.2 °C to 0.5 °C per decade) greater
than any rate of warming seen over the past
10,000 years.

* Even with relatively draconian measures
(shift to renewables and nuclear reduced CO2
emissions to 50% of 1985 levels by 2050) we
can expect a warming of about 0.1 °C per
decade.

* Land surfaces warm more rapidly than
oceans, high northern latitudes warm more
than global mean in winter.

* Faith in regional predictions of climate
change is low

s



Sea Level Rise Other potential consequences of an increase
in Earth’s surface temperature include. . .

* Regional changes in precipitation and soil

¢ Scientists are nearly certain that warming of the moisture

Earth’'s surface will lead to a rise in sea level

*= 20 cm rise in sea level by 2030 under * Increased variability of climate

“Business as Usual” IPCC scenario, 65 cm rise by .
end of next century. » Increascd frequency of tropical storms

(develop over warm seas)

* Decreased frequency of mid-latitude storms
(depend on equator to pole temperature

Thermal contrast)

expansion

e Changes in ecosystems

< Cormitmant —»

FORCING STABILISED |
IN 2030

SEA LEVEL RISE {cm)

0 v T v | v T v T T T
1980 2000 2020 2040 2060 2080 2100
YEAR
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Some difficulties in predicting changes in
ecosystems. . .

* Difficulty of obtaining direct field evidence
of effects on entire ecosystems of elevated

CO2 and/or temperature (most studies have
been carried out on single trees or seedlings)

* Potential for disruption of community
composition affecting ecosystem response

* Mismatch between scale of ecological
studies and climate models (most ecological
studies carried out on area the size of a
tennis court, resolution of most climate
models approximately the size of Senegal)

68

Major Uncertainties?

* Sources and sinks of greenhouse gases

* clouds (feedback effects)

* oceans (timing and pattern of climate
change)

* polar ice sheets (sea-level rise)

67,
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Coming to the Table? Risks, Priorities, and
Resources

More-Developed Countries
* The role of service economies and capital in
mitigating the impacts of climate change

Less-Developed Countries
* Development as a priority

¢ Lack of resources

Resources
Low High
High 1 po's

Risk
—

MDC's




At the Table. . .

* Who is responsible: past vs. future
emissions

Is it “worth it” to reduce greenhouse
gas emissions?

* “No-cost” policies to reduce
greenhouse gas emissions (e.g.,
energy efficiency, land reform)

* Pay now vs. pay later
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How much do we value the future and
what do we value about it?
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