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W
E

D
N

E
S

D
AY P

M
: C

lim
ate C

hange

C
lim

ate C
hange: Past, Present, Future

●
H

ow
 is clim

ate prediction different from 
w

eather prediction?

●
W

hy it's sim
pler than you think

●
Future clim

ate predictions, uncertainties

 
 

W
eather ↔

 C
lim

ate
“W
eather tells you w

hat to w
ear, C

lim
ate tells you 

w
hat clothes to buy”

✗
W

eather: the condition at a specific location at a 
specific tim

e
✗

C
lim

ate: the average conditions and their variability 
(includes extrem

es); the statistics of w
eather

✗
C

lim
ate is an “envelope of possibilities” w

ithin w
hich 

the w
eather bounces around

✗
W

eather depends very sensitively on the evolution 
of the system

 from
 one m

om
ent to the next (“initial 

conditions”)
✗

C
lim

ate is determ
ined by the properties of the E

arth 
system

 itself (“boundary conditions”)

 
 

W
eather Prediction and “C

haos”

●
W

eather prediction is a determ
inistic problem

, yet 100% 
certainty is im

possible
●

this is because of the so-called “sensitivity to initial 
conditions”: an ever so slight change/error in the initial 
conditions (e.g. the currently observed state of the 
atm

osphere) can lead to com
pletely different future states

●
O

ften referred to as the “butterfly effect” (the flap of a 
butterfly's w

ings in B
razil setting off a tornado in Texas)

●
E

dw
ard Lorenz (m

eteorologist, pioneer of chaos theory):

-
C

haos: W
hen the present determ

ines the 
future, but the approxim

ate present does 
not approxim

ately determ
ine the future.

 
 

H
enri Poincaré, the Three-B

ody Problem
, and the 

D
iscovery of C

haos
●

The “n-body problem
”: given the quasi-steady orbital properties 

(instantaneous position, velocity, tim
e) of a group of celestial 

bodies, predict their interactive forces; and consequently, 
predict their true orbital m

otions for all future tim
es [w

ikipedia]
●

O
scar II, K

ing of S
w

eden in 1887: prize for anyone w
ho could 

solve this problem
●

H
enri P

oincaré (fam
ous French m

athem
atician and physicist) 

could not com
pletely solve the problem

, but his w
ork 

“is nevertheless of such im
portance that its publication 

w
ill inaugurate a new

 era in the history of celestial 
m

echanics” [K
arl W

eierstrass, one of the judges]
●

Indeed, P
oincaré's w

ork led to the theory of chaos
●

“It m
ay happen that sm

all differences in the initial positions 
m

ay lead to enorm
ous differences in the final phenom

ena. 
P

rediction becom
es im

possible.”
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W
eather ↔

 C
lim

ate
✗

Today's sunset: 8:28 pm

✗
Today's 5-day forecast: 95 / 61 F

✗
July Long-Term

 C
lim

atology: 75 F / 54 F

✗
M

ay 2014: average tem
perature 58 F (30

th 
w

arm
est in 126 year record), m

inim
um

: 29 F 
(on 13 M

ay), m
axim

um
: 87 F (on 28 M

ay)

✗
W

eather: m
inutes to w

eeks, ~ the tim
e scale 

to w
hich a specific event m

ay be forecast

✗
C

lim
ate: seasonal, annual, decadal, centurial, 

m
illennial, ...
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C
lim

ate &
 C

lim
ate C

hange
●

C
lim

ate is the accum
ulation of daily and seasonal 

w
eather events over a long period of tim

e (clim
ate 

is the statistics of w
eather)

●
C

lim
ate can change on various tim

e-scales: m
illions 

of years, thousands of years, hundreds of years, 
decades

●
C

lim
ate can change in response to different factors:

-
N

atural

-
H

um
an-induced (“A

nthropogenic”)
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Factors in C
lim

ate Variability/C
hange

●
E

xternal Factors 
(A

stronom
ical)

-
S

olar output

-
O

rbital changes

-
Interplanetary dust

-
C

ollisions w
ith other 

interplanetary bodies

●
C

om
ets

●
A

steroids

●
Internal Factors

-
Atm

ospheric 
transparency

-
S

urface characteristics

-
O

cean currents, ocean 
chem

istry

-
Volcanic activity

-
C

ontinental drift

 
 

8

ice
ice

ice
ice

C
lim

ate through the A
ges

today
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R
econstructed Tem

perature
(last 1,300 years), from

 IPC
C

 2007

M
edieval W

arm
 Period

Little Ice A
ge

●
Tem

perature relative to present, plotted as agreem
ent betw

een 
different reconstructions (e.g. from

 tree rings)
●

Therm
om

eter record available over past 150 years: solid line
●

R
elatively w

arm
 period 950–1250 (M

edieval W
arm

 P
eriod)

●
R

elatively cold period 1250–1850 (Little Ice A
ge)
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U
p-to-date 

tem
perature 

record for the 
industrial era 
(1850 – now

)

http://w
w

w
.cru.uea.ac.uk/cru/data/tem

perature/

This is relative to the 
1961–1990 average.
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C
autionary N

ote: D
o N

ot O
verinterpret 

every W
iggle in the Plot!

Tem
perature &

 D
ew

point, Fort C
ollins, C

SU
 W

eather Station, July 2013 – July 2014

July 12
Sep 11

N
ov 11

Jan 11
M

ar 13
M

ay 13
July 13

100806040200●
W

e are sure that July w
ill be w

arm
er than January due to 

increasing solar insolation, even though there's lots of natural 
variability along the w

ay (m
ostly related to w

eather patterns)
●

Individual w
arm

 or cold spells do not necessarily indicate a trend!

-20
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IP
C

C
 2013
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IP

C
C

 2013

C
lim

ate C
hange is m

ore than Surface 
Tem

perature C
hange!

 
 

14

IP
C

C
 2013 C

lim
ate C

hange is m
ore than Surface 

Tem
perature C

hange!
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C
an w

e attribute the recent observed tem
perature 

changes to anthropogenic (hum
an) forcing?

●
To answ

er this scientists look at (am
ongst other 

things):

-
B

asic physics

-
vertical/horizontal patterns of tem

perature 
changes

-
O

ceanic tem
perature / heat content changes, 

sea level changes

-
S

ea ice and glacier retreat

-
C

lim
ate m

odel response to im
posed 

greenhouse gas forcing

Population grow
th is not 

the driver of future clim
ate!

●
P

opulation to grow
 by 40%

 in 100 years
●

G
lobal econom

y to grow
 by 1600%

(assum
es 2.8%

 annual G
D

P grow
th)

U
N 

R
eference 

S
cenarios

w
w

w
.garnautreview

.org.au
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Shanghai, C
hina 1990

Shanghai, C
hina 2012
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C
O

2  em
issions by country

C
O

2  em
issions per capita
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A
nthropogenic C

lim
ate 

Variability and C
hange

Various resources at the Intergovernm
ental P

anel on 
C

lim
ate C

hange (IP
C

C
) W

ebsite:
http://w

w
w

.ipcc.ch/report/ar5/index.shtm
l
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C
O

2

N
2 O

C
H

4

C
oncentrations of m

ost G
H

G
s have 

been increasing in the m
odern age

IP
C

C
, 2007
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C
O

2

N
2 O

C
H

4

IP
C

C
, 2007
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Feedbacks
●

A process that changes the sensitivity of the 
clim

ate response to an external forcing
●

Positive feedback: increase the m
agnitude of 

the response to the forcing
-

Ice/albedo feedback
-

W
ater vapor feedback

-
O

cean carbon cycle feedbacks
●

N
egative feedback: decrease the m

agnitude of 
the response to the forcing
-

S
tefan-B

oltzm
ann feedback (i.e. w

arm
er E

arth 
em

its m
ore radiation out to space)

 
 

26

Ice-A
lbedo 

Feedback 
(Positive)
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C
loud 

Feedback
●

E
ffect of clouds on clim

ate: thick vs 
thin, high vs low

●
H

igh, very thin clouds w
arm

 the 
clim

ate (let m
ost sunlight through, 

em
it at low

 tem
perature)

●
Low

, thick clouds cool the clim
ate 

(em
it a lot of terrestrial radiation, 

reflect a lot of solar radiation)
●

R
ecall: in the net clouds contribute to 

E
arth's albedo, i.e. clouds have a net 

cooling influence on average clim
ate

●
C

loud feedback in a w
arm

ing clim
ate 

depends on relative changes of high 
vs low

 clouds
●

C
urrently, clouds are thought to be a 

slight positive feedback, but big 
uncertainties

(200) 4

(290) 4

Tem
perature 

profile

Tropopause

S
urface
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Solar Variability

P
ercent area of S

un's photosphere covered by sunspots

Fraction area of entire photosphere covered by sunspots

●
The S

un's output is not exactly constant at 1366 W
/m

2 – it 
does show

 som
e m

odest variation in tim
e

●
11-year cycle in output, corresponding to variations in 
sunspots (large num

ber of spots = high output)

Yellow
 > 1%
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Volcanoes
●

Volcanoes em
it sulfur dioxide 

that becom
e aerosols (airborne 

solids) in the stratosphere →
 

reflect sunlight, increase 
earth's albedo reducing the 
solar radiation absorbed by the 
clim

ate system
●

For exam
ple, low

er-left: 
globally-averaged reduction in 
absorbed solar radiation after 
M

t. P
inatubo eruption in 

sum
m

er 1991
●

S
om

e are advocating m
an-

m
ade stratospheric injections 

of aerosols to m
itigate 

anthropogenic clim
ate w

arm
ing
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Volcanoes●
R

eduction in solar 
radiation due to M

t. 
P

inatubo led to a cooling 
of the globally-averaged 
tem

perature ~ 0.5-0.7 C

D
istribution of M

t. Pinatubo 
stratospheric forcing

G
lobal tem

perature change after Pinatubo

1991
1992

1993
1994

1995
1996
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Force “full-blow
n” clim

ate m
odel w

ith past 
radiative perturbations →

 w
hat is the response?

●
G

reenhouse G
ases

●
Volcanoes

●
S

olar variations

●
Land use changes

●
A

erosols

●
O

zone changes
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C
lim

ate m
odel 

prediction using hum
an 

A
N

D
 natural factors

C
lim

ate m
odel 

prediction using natural 
factors O

N
LY

IP
C

C
, 2007

O
bserved tem

peratures
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IP
C

C
, 2013
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IP
C

C
, 2013

Future trends from
 C

lim
ate M

odels

D
epending on the scenario, anyw

here from
 1–5 C

 for globally averaged 
w

arm
ing in the year 2100. This w

arm
ing is not uniform

ly distributed.
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C
lim

ate M
odel 

Trends by 
Scenario:
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C
lim

ate M
odel Trends by Scenario
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C
lim

ate M
odel Trends by Scenario
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W
e K

now
 for Sure

•
C

O
2  m

olecules absorb &
 re-em

it therm
al 

radiation (John Tyndall, 1859)
•

D
oubling the num

ber of C
O

2  m
olecules 

w
ould add 4 W

 m
-2 to the E

arth 24/7 
(S

vante A
rrhenius, 1896)

•
If C

hina and India industrialize w
ith coal, 

C
O

2  w
ill approach ~400%

 of its 
preindustrial level by 2100

•
A

dditional C
O

2  w
ill continue adding heat to 

E
arth for thousands of years

W
hat W

e’re 
N

ot So Sure A
bout

•
B

y precisely how
 m

uch the clim
ate w

ill 
change, especially locally

•
H

ow
 clim

ate varies on relatively short 
tim

e-scales (years to a couple of decades)
•

The econom
ic, political, and social 

consequences of these changes
•

W
hat to do about all of this

Solutions
●

To provide a decent standard of living for billions of 
people on E

arth …
●
…

 w
e m

ust generate huge am
ounts of energy 

w
ithout releasing C

O
2 .

●
This is definitely possible
(as an engineering task) …

●
 …

 but currently expensive and politically difficult.
●

C
an’t do it by “tinkering around the edges.”

●
R

equires profound changes to energy and 
econom

ics 


