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Blackbody emissive power spectrum. M.F. Modest, 1993: Radiative Heat Transfer, McGraw-Hill
Book Co.
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Departures in temperature (°C)

Departures in temperature (°C)

Variations of the Earth's surface temperature for:

(a) the past 140 years
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Figure 1: Variations of the Earth’'s
surface temperature over the last
140 years and the last millennium.

(a) The Earth's surface temperature is
shown year by year (red bars) and
approximately decade by decade (black
line, a filtered annual curve suppressing
fluctuations below near decadal
time-scales). There are uncertainties in
the annual data (thin black whisker
bars represent the 95% confidence
range) due to data gaps, random
instrumental errors and uncertainties,
uncertainties in bias corrections in the
ocean surface temperature data and
also in adjustments for urbanisation over
the land. Owver both the last 140 yvears
and 100 years, the best estimate is that
the global average surface temperature
has increased by 0.6 + 0.2°C.

(b) Additionally, the year by year (blue
curve) and 50 year average (black
curve) variations of the average surface
temperature of the Northern Hemisphere
for the past 1000 years have been
reconstructed from “proxy” data
calibrated against thermometer data (see
list of the main proxy data in the
diagram). The 95% confidence range in
the annual data is represented by the
grey region. These uncertainties increase
in more distant times and are always
much larger than in the instrumental
record due to the use of relatively sparse
proxy data. Nevertheless the rate and
duration of warming of the 20th century
has been much greater than in any of
the previous nine centuries. Similarly, it
is likely” that the 1990s have been the
warmest decade and 1998 the warmest
year of the millennium.

[Based upon (a) Chapter 2, Figure 2.¥c
and (b) Chapter 2, Figure 2.20]
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[National Geographic, Dec.,1992]

Pinatubo caldera eights months later




AP

5000Mt %IGFHEBFD
MELEIZLIKRE
0)5’6%75‘?%#_:3'

IxFE

10 e

”
™
9
R
&
r-—.____‘,_,."’/
T FF a KLU RD
L =3 “Sal—ia
-~
0.01 [l A e ey | i e Do T
108 108 107

BEZORME (M)

FBEBEAEORFMZEE BE$ TTE2ELBORD, REVEOBRMETILERLAE, - Z T2,

FBPXEABHOTREL LT, BOXYMWRE (LFROTHE) 2EAL TS, BRI (GTH
FNE50nm (1nmiz 10 m) D JBICH L TEHE L 7=, BRI, 2@BOER-HHNDEEY DS,
LBMOWRIC(I, JRBFEHE000MOIE + Y 4 () &, Nz < B7z100~ 1 FMORMS
DHERHKEENT VD, THORMEI, thZEBL(BRVEBREILESTSFIINSRL>TULS,

oBRCEEIND T ) AR, LQ0CMIQIRESHL (REQERE) > HH B K217 58 S 3000Mt
DREANBBRY EH'H 2 . SRS OFIEL S KR EL L NG, DTHBOLARORILHEL B
etabifadld. 1982FN T L FF 3> KIOWATHE (> N-MOBOXLPER S (L3R
DEHE) S, HBOI-DITERTRLTSHS,

108




MEICKAIRTIDFENE
h FICfECEH ASE

EXRBOAR (WHLENTHE

(E—%MH\7<¢J) BEHI—HTHHEX~HBIE

2XNEVE
KEROHKS
r KEMNIRT
1 L 1 1 1 1 1 1 1 1 | 1 ! 1 1
0 100 200 300

IRRORM (B)
WEHCETIABIANY —ORMEL HBSTTEIELENRLEBLT, BEIE
THRBIANK—BOBMETILERLTHD, ZHRL, RRTOKBIINF—F (LEEROFY
i) £#RT. TALE—RIE, KEFAII—RCPHLIEOR (BARKCLDIAREMNHSH, th
BERICANTULAWL) ZSHETLECHEL. BIRA (FRE) (35000MOXERL Y FTORR,
HIBARBERS TV AXOZEHT, EOKERIEERIANIEBIORRTHD, BBRCBIAMO L
AT YANOERT, EOHHIMERT IS5 X =9 —CBAXMERALLERTH S, X012
Oz, AYATHMORERAMKE OV ARERICE > ToRIERRLRYVALES &, FRIZE
ToRAER B R T DR EHBLALDIANF LRI, RMDEERIFCLELRENT AL
¥R L, KBRS BLETIIANF L AL GRLI. ZN2ODRAEI, HMIZL-TH i,

(0) BEAMESH

B &R ICHIEK
mEDETELE

20

ERBOFNRE

—30 ‘l 1 1 1 1 1 1 1 1 1 1 1 1 1
0 100 200 300
MREOEM (A)
R BEDEFEZ L T U O—BOBUIDVT, HEFEOLLRTHTLENLCNS 12

ZILT 2 & BN, REOMIBAREES TV AOBRETH D, WHE (12kmit F)NHER, 329
BEMOTHDH, KE&VANBRE LD, —7%, AEM (12kmIt®) O, EEIEBETRLON
EMOASNMMEELEE D, BT VA IIHTIRERTORMME, FHIAIBRME L->T L
B, LT, ZZTRULBERTHAZSNI0IE, KBEORE%IT1259, B L0RKRET
12, HTN2~3CUATHD, D10, BLEBLEOBRRDRAHNEZ Y, BRDENEETE L
FEBLLBERTERELLL, Lrl, ZOREAROLHE, BRTECEBMELLSS LIZE
EbhsZricns, CORCRLUELRRIFRENMTH D, BIHEIthhlL, BERT@RI 2
AU UKE (LD, BPAELTHNEL, WPES (LD, RENDTN2-ICFAB1IITY,
RRCFULEREELREIT,




N\
5

JHI

(REEAARETI7ZAVILOIER)

Predicted (1860-2050) and Observed (1860-Present Day)
Surface Air Temperature changes (°C)

3 i dabintaktl el bbbl Ikl nhntakdatl S | bt Inihd Mt | L i ) i Dl etk ; | Daiahiinkl Tebklinkl | 1 o

= Qreenhoi.sse gases -

" ———— Greenhoues guses and sulphate serosols N

- ——— Obesrved /:-

[ 3

2 - ]

e - .
o - 3
=2 - .
= 1 - -]
2 - ]
£ ol .
RS - "
p— -

o = ‘-l 4ty 3y A= - v 4 F. - 3 -

- HMAEYR TR 7 O/ .

- -

- .

1. A 1 A L A L L L [ TP | L t L IRPUSPP ST N Lessnsasalonsnnaiasl, n

LY




The global climate of the 21st century
(a) COz emissions (b) CO2z concentrations = (c) SO2 emissions
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Figure 5: The global climate of the 21st century will depend on natural changes and the response of the climate system to human activities.

Climate models project the response of many climate variables — such as increases in global surface temperature and sea level — to various
scenarios of greenhouse gas and other human-related emissions. (a) shows the CO, emissions of the six illustrative SRES scenarios, which are
summarised in the box on page 18, along with 1S92a for comparison purposes with the SAR. (b) shows projected GO, concentrations. (c) shows
anthropogenic SO, emissions. Emissions of other gases and other aerosocls were included in the model but are not shown in the figure. {d) and (e)
show the projected temperature and sea level responses, respectively. The “several models all SRES envelope” in (d) and (g) shows the
temperature and sea level rise, respectively, for the simple model when tuned to a number of complex models with a range of climate sensitivities.
All SRES envelopes refer to the full range of 35 SRES scenarios. The “model average all SRES envelope” shows the average from these models
for the range of scenarios. Note that the warming and sea level rise from these emissions would continue well beyond 2100. Also note that this
range does not allow for uncertainty relating to ice dynamical changes in the West Antarctic ice sheet, nor does it account for uncertainties in
projecting non-sulphate aerosols and greenhouse gas concentrations. [Based upon (a) Chapter 3, Figure 3.12, (b) Chapter 3, Figure 3.12, (c)
Chapter 5, Figure 5.13, (d} Chapter 9, Figure 9.14, (e) Chapter 11, Figure 11.12, Appendix 1]



The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
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Figure 3: Many external factors force climate change.

These radiative forcings arise from changes in the atmospheric composition, alteration of surface reflectance by land use, and wvariation in the ocutput
of the sun. Except for solar variation, some form of human activity is linked to each. The rectangular bars represent estimates of the contributions of
these forcings — some of which yield warming, and some cooling. Forcing due to episodic volcanic events, which lead to a negative forcing lasting
only for a few years, is not shown. The indirect effect of aerosols shown is their effect on the size and number of cloud droplets. A second indirect
effect of aerosols on clouds, namely their effect on cloud lifetime, which would also lead to a negative forcing, is not shown. Effects of aviation on
greenhouse gases are included in the individual bars. The vertical line about the rectangular bars indicates a range of estimates, guided by the
spread in the published values of the forcings and physical understanding. Some of the forcings possess a much greater degree of certainty than
others. A vertical line without a rectangular bar denotes a forcing for which no best estimate can be given owing to large uncertainties. The overall
level of scientific understanding for each forcing varies considerably, as noted. Some of the radiative forcing agents are well mixed over the globe,
such as CQO,, thereby perturbing the global heat balance. Others represent perturbations with stronger regional signatures because of their spatial
distribution, such as aerosols. For this and other reasons, a simple sum of the positive and negative bars cannot be expected to yield the net effect
on the climate system. The simulations of this assessment report (for example, Figure 5) indicate that the estimated net effect of these perturbations

is to have warmed the global climate since 1750. [Based upon Chapter 6, Figure 6.6]




