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Today

n
M

ove to the past - now
 getting to G

eology
n

Consider the construction of a global
tem

perature curve
n

For tw
o reasons

n
See the results - global surface tem

peratures
have increased 0.4 to 0.8° c in last 150 years

n
See how

 efforts w
ere m

ade to reduce the
unknow

ns w
ith this

A
ll graphs and quotes taken from

 IPCC report Chapter 2.
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C
oncept of Error

n
Fundam

ental Issue in Science
n

H
ow

 to be sure of som
ething?

n
A

ny m
easurem

ent has som
e noise

n
System

 variability
n

Instrum
ent

n
A

dding several m
easurem

ent or different
kinds of m

easurem
ents has som

e noise
n

Signal/ N
oise Ratio

n
M

ust  have    S/N
 > 1
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H
ow

 to R
educe Error

n
Take Better M

easurem
ents

n
Change Proxy - N

ew
 Techniques

n
Take M

ore M
easurem

ents
n

M
ore and m

ore being added all the tim
e

n
But at som

e point only adding detail
n

For Tim
e Series - Sm

ooth the data
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G
etting a C

urve
n

Start w
ith all w

eather stations
n

Consider the daily tem
perature

n
Take m

axim
um

 and m
inim

um
 get sum

/ 2
n

Consider the yearly tem
perature

n
Sum

 up all the daily values
n

Consider a baseline - 1961-1990
n

Is it really that sim
ple?
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Three Exam
ples

n
Land A

verage - H
eat Island Effect

n
Land vs. Sea

n
Surface vs. U

pper A
tm

osphere
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Station D
ensity

n
W

hat to do here?
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n
Spatial
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Tim
e Series to show

 trend
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O
ne question U

rban H
eat

Island
n

M
an-m

ade structures have different heat
capacity than natural topography

n
So if w

eather station near these reflect
urban build up not “natural trend”
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Estim
ate U

ncertainty

n
If larger than signal then - w

ork to reduce
n

If sm
all than signal then - m

ove on

n
Signal vs. N

oise
n

M
ain trend vs. underlying variations

resulting from
 erratic system

 behavior or
m

easurem
ent issues
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H
ow

?



A
pril 22, 2002

T
hese results confirm

 the conclusions of Jones et al. (1990) and
E

asterling et al. (1997) that urban effects on 20th century globally
and hem

ispherically averaged land air tem
perature tim

e-series do
not exceed about 0.05°C

 over the period 1900 to 1990…

Plot the
uncertainty
along w

ith
the trend
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N
ext

n
But the w

orld is 78%
 and very few

 stations
there

n
Ships m

ove across - take m
easurem

ents
n

W
ood bucket

n
Sm

ooth by 21 point

n
3 estim

ates
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perature
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O
verall G

rid R
esults
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A
t a D

ifferent Tim
e



A
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 vs. Short Term
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Put It
Together

That all these different
approaches/ com

bined data 
sets show

 very sim
ilar patters

A
 strong argum

ent they are real
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N
ext

Issue
•Take rem

ote em
issions

•Excellent spatial
coverage
•M

uch shorter tem
poral

coverage
•Tracks behavior above
the surface
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Less W
arm

ing

n
T

his is about 0.12°C
/decade less than the rate of

tem
perature increase near the surface since 1979.

A
bout half of this difference in w

arm
ing rate is very

likely to be due to the com
bination of differences in

spatial coverage and the real physical affects of
volcanoes and E

N
SO

 (Santer et al., 2000), see also
C

hapter 12. T
he rem

aining difference rem
ains

unexplained, but is likely to be real.
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W
rap U

p
n

G
lobal surface tem

peratures have increased betw
een 0.4 and

0.8°C
 since the late 19th century, but m

ost of this increase has
occurred in tw

o distinct periods, 1910 to 1945 and since 1976.

n
H

ow
ever, there is som

e disagreem
ent betw

een w
arm

ing rates
in the various land and ocean-based data sets in the 1990s,
though all agree on appreciable w

arm
ing.

n
N

ear surface and higher elevation needs m
ore w

ork

n
B

ottom
 line Scientific assessm

ent that w
e have w

arm
ed up.


