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Overview:

Greenhouse effect and radiative forcing
Radiative forcing components in IPCC TAR
Structure, remit and procedures of IPCC
Solar signal in climate records

Current uncertainties, theories, research



Radiation Balance
\ i / Infrared emission

Solar Irradiance S
AR

absorption solar radiation = emission infrared
radiation:

In equilibrium:

k% (1-a)S = 4nR*cT,*
o, =(1-0)S/4=F,

S=1370Wm > F,=240Wm > T,=255K



Greenhouse Effect

TOA: F,=T,F +F

F, i SFC: F,T,=F,-F,
s
\ 4 TOA
FTs AF, T _(1+T) -
£ (1+T,) °
! SFC
F, T
2 1€ T4:(1+T3)T4
€ (1+T,) °

It T,>T, then T, >T,



Factors which affect equilibrium 7;:

S Solar irradiance

o  Albedo: surface, cloud, aerosol, O,

H,0, CO,, CH,, N,0, O,, CFCs, ........ (GHGs)



Radiative Forcing
Net downward flux at TOA 1is:

Fy :FS ~T,F, - F,

=ol,* ~T;oT,* ~(1-T; JoT,

—G[T ( —T)T T

=0 1nequilibrim

4

Forgiven 7, 7,

perturbations to T, or T, — F N¢ #= 0

Define AF N¢ = RF  Radiative Forcing



Why is radiative forcing a useful concept?

Because GCMs, & limited observational studies, suggest that
the perturbation in global average, equilibrium surface
temperature:

AT, = ARF

where A, the climate sensitivity parameter, 1s independent of
the nature of the forcing.

A~0.5KW!m?



Complications:

Stratospheric adjustment:

— AF N¢ at tropopause — less variation in A

Feedbacks:

— H,0, cloud, indirect aerosol, chemistry, ......

Geographical and

| vertical distributions

Equilibrium AT .

oredicted



The Intergovernmental Panel on Climate
Change (IPCC)

Established 1988 by:

World Meteorological Organization (WMO) & United Nations Environment
Programme (UNEP)

Role:

To assess the scientific, technical and socio-economic information relevant for
the understanding of the risk of human-induced climate change.

IPCC does not carry out new research nor does it monitor climate related data.

Assessments are based on published and peer reviewed scientific technical
literature.



3 IPCC working groups:

WG I assesses the scientific aspects of the climate system
and climate change.

WG II addresses the vulnerability of socio-economic and
natural systems to climate change, negative and positive
consequences of climate change, and options for adapting
to 1t.

* WG III assesses options for limiting greenhouse gas
emissions and otherwise mitigating climate change.

Membership of the Working Groups by invitation,
nominations submitted by national governments.
Membership changes between reports.



IPCC Reports:

First Assessment Report (FAR) 1990
Second Assessment Report (SAR) 1995
Third Assessment Report (TAR) 2001 (imminent)

plus several other special reports e.g.:
Radiative Forcing 1994
Aviation and the Global Atmosphere 1999

Emission Scenarios 2000



Third Assessment Report - Working Group 1

~ 120 Lead Authors
~ 300 Contributing Authors
hundreds Reviewers

Timetable:

e Dec 1998 first meeting of WGs
e May 1999 Oth draft complete

e Friendly review

e Jul 1999 1% drafting meting

e Sep 1999 15t draft complete

e Expert Review

e Feb 2000 2nd drafting meeting
e Mar 2000 2nd draft complete

e Expert & Government Reviews

e Aug 2000 31 drafting meeting
e Oct 2000 Final draft complete
e Jan 2001 Accepted

Summaries and Synthesis Report written
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Solar Irradiance (Wm™)

1369

1368

1367

1366

1365

1364

1363

Total Solar Irradiance Data (referred to SARR via ACRIM-II)

Days (Epoch Jan 0, 1980)

0 2000 4000 6000

L__ T ] T T T ; T T T ] T T T I T T 7_'__|
E - . = £
= 4—5—;%1—% > % > é—u—é————-ﬂ ---------- —§ —]
- < < - > =
= :
= I I[: |t F } ity |

S (T '\ H
- "I.MJ i
SR (R !
- | s
E :
3 || i
: 1 ;
3 _ 0.1% ]
- | :
E | | 1 l | | | | | | | | | | | l 1 | | | | L

1978197919801981198219831984 198519861987 1988198919901991199219931994199519961997 199819992000

Year

from: C. Frohlich, Space Science Reviews, in preparation, and the VIRGO Team (Dec 03, 2000)

Tohlida £ ak



JPUbCUUDCU Ul IPUDIkC
L

Total Irradiance Time Series

1370 Willson, 1997 e 5

1368 [ © plvess

Wm ™2

1366 - i

1364 -
- 3 Frohlich & Lean, 1998

J!I_!_.Illlllllllllll

1980 1889 1990 1995

-

Fig. 6.10.2: Total solar irradiance composites derived from satellite data by Willson (1997} and Frohlich
and Lean (1998).
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Fig. 6.10.3: Reconstructions of total solar irradiance by:

blue - Hoyt and Schatten (1993),

black - Lean, Beer and Bradley (1995),

cyan - Solanki and Fligge (1998) version A,

green - ditto version B,

red - Lockwood and Stamper (1999),

vellow - group sunspot numbers (Hoyt and Schatten, 1997) scaled to Nimbus-7 observations for 1979-1993.
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Fig. 6.13.1: Global, annual-mean radiative forcings (Wm~*) due to a number of agents. The height of the
bar denotes a “best gues” value. The vertical line about the bar indicates a range of likelihood of finding
the actual estimate. The range is based on published estimates and additional knowledge concerning
the processes leading to the forcing. A “level of scientific understanding” (LOSU) index is accorded
to each forcing. This represents our subjective judgement involving factors such as the assumptions
necessary to evaluate the forcing, the robustness of the physical mechanisms determining the forcing,
and the uncertainties surrounding the processes involved in the forcing. “FF” denotes fossil-fuel burning
while “BB” denotes biomass burning aerosol. Each of these is separated into the “black carbon” (bc) and
“organc carbon” (oc) components. The LOSU is also separated into that for the bc and oc components.



Fig. 6.14.1: Examples of the radiative forcing due to (a) well mixed greenhouse gases including carbon
dioxide, methane, nitrous oxide, CFC-11 and CFC-12 (Shine and Forster, 1999); (b) stratospheric ozone
depletion over the period 1979 to 1994 given by WMO, 1995 (Shine and Forster, 1999); (c) increases in
tropospheric ozone (Berntsen et al., 1997; Shine and Forster, 1999); (d) the direct effect of sulphate aerosol
(Haywood et al., 1997); (e) the direct effect of organic carbon and black carbon from biomass burning
(Penner et al., 1998; Grant et al., 1999); (f) the direct effect of organic carbon and black carbon from
fossil-fuel burning (Penner et al., 1998; Grant et al., 1999); (g) the direct effect of anthropogenic emissions
of mineral dust (Tegen et al., 1996); (h) the “first” indirect effect of sulphate aerosol (A. Jones, personal
communication, 1999); (i) solar variability (Haigh, 1996); (j) contrails (Minnis et al., 1999); (k) land use
changes (Hansen et al., 1998). Different modelling studies may show substantially different spatial patterns
as described in the text.
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Figure 12.7: Global mean surface temperature anomalies relative to
the 1880 to 1920 mean from the instrumental record compared with
ensembles of four simulations with a coupled ocean-atmosphere
climate model (from Stott et al., 2000b; Tett et al., 2000) forced (a)
with solar and volcanic forcing only, (b) with anthropogenic forcing
including well mixed greenhouse gases, changes in stratospheric and
tropospheric ozone and the direct and indirect effects of sulphate
aerosols, and (c) with all forcings, both natural and anthropogenic.
The thick line shows the instrumental data while the thin lines show
the individual model simulations in the ensemble of four members.
Note that the data are annual mean values. The model data are only
sampled at the locations where there are observations. The changes
in sulphate aerosol are calculated interactively, and changes in
tropospheric ozone were calculated offline using a chemical transport
model. Changes in cloud brightness (the first indirect effect of
sulphate acrosols) were caleulated by an offline simulation (Jones et
al., 1999) and included in the model. The changes in stratospheric
ozone were based on observations. The volcanic forcing was based
on the data of Sato et al. (1993) and the solar forcing on Lean er al.
(1995), updated to 1997. The net anthropogenic forcing at 1990 was
1.0 Wm™? including a net cooling of 1.0 Wm2 due to sulphate
acrosols. The net nawral forcing for 1990 relative to 1860 was 0.5
‘Wm 2, and for 1992 was a net cooling of 2.0 Wm2 due to Mt.
Pinatubo. Other models forced with anthropogenic forcing give
similar results to those shown in b {see Chapter 8, Section 8.6.1,
Figure 8.15; Hasselmann ef al., 1995; Mitchell et al., 1995b;
Haywood et al., 1997; Boer et al., 2000a; Knutson er al., 2000).



Figure 12.11: Best-estimate contributions to
global mean temperature change.
Reconstruction of temperature variations for

1906 to 1956 (a and b) and 1946 to 1995 (¢
and d) for G and 8 (a and ¢) and GS and
SOL (b and d). (G denotes the estimated
greenhouse gas signal, S the estimated
sulphate asrosol signal, GS the greenhouse
gas / aerosol signal obtained from simulations
with combined forcing, SOL the solar
signal). Observed (thick black), best fit (dark
grey dashed), and the uncentainty range due
1o internal variability (grey shading) are
shown in all plots. z)mc&) show contribu-
tions from GS (orange) and SOL (blue). @
and (€ show contributions from G (red) and

S (green), All ime-series were reconstructed
with data in which the 50-year mean had first
been removed. (Tett er al., 1999).
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errors are persistent over lime. An example based on the 1S92a
(IPCC, 1992) GS scenario (whose exact forcing varies between
models, see Chapter 9, Table 9.1 for details) is shown in Figure
12.13 based on a limited number of model simulations. Note that
in each case, the original warming predicted by the model lies in
the range consistent with the observations. A rate of warming of
0.1 to 0.2°C/decade is likely over the first few decades of the 21st
century under this scenario. Allen ef al. (2000b) quote a 5 to 95%
(“*very likely™) uncertainty range of 0.11 to 0.24°C/decade for the
decades 1996 to 2046 under the IS92a scenario, but, given the
uncertainties and assumptions behind their analysis, the more
cautions “likely” qualifier is used here. For comparison, the
simple model tuned to the results of seven AOGCMs used for
projections in Chapter 9 gives a range of 0.12 to 0.22°C/decade
under the 1892a scenario, although it should be noted that this
similarity may reflect some cancellation of errors and equally
good agreement between the two approaches should not be
expected for all scenarios, nor for time-scales longer than the few

6676 76-86 86-96
Year

decades for which the Allen ef al. (2000b) approach is valid.
Figure 12.13 also shows that a similar range of uncertainty is
obtained if the greenhouse gas and sulphate components are
estimated separately. in which case the estimate of future
warming for this particular scenario is independent of possible
errors in the amplitude of the sulphate forcing and response. Most
of the recent emission scenarios indicate that future sulphate
emissions will decrease rather than increase in the near future.
This would lead to a larger global warming since the greenhouse
gas component would no longer be reduced by sulphate forcing at
the same rate as in the past. The level of uncertainty also increases
(see Allen ef al., 2000b). The final error bar in Figure 12.13 shows
that including the model-simulated response to natural forcing
over the 20th century into the analysis has little impact on the
estimated anthropogenic warming in the 21st century.

It must be stressed that the approach illustrated in Figure
12.13 only addresses the issue of uncertainty in the large-scale
climate response to a particular scenario of future greenhouse gas
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Figure 4: a)50-year global mean temperature trends and uncertainties as reconstructed using
OLS and TLS regression for the 1906-56 and the 1946-96 periods. For each 50-year period 4
bars represent the 10-00 percentiles and 4 lines represent the 5-95 percentiles of, respectively,
from left : temperature trends due to GHG, SUL, the combined trends from both and the
observed trends. Best estimates are shown as stars. b) as (a) where 4 bars and 4 lines represent

respectively, from left : GS, Sol, combined trends from both and the observed trends.
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Figure 12.4: (a) Observed microwave sounding unit
(MSU) global mean temperature in the lower strato-
sphere, shown as dashed line, for channel 4 for the
period 1979 to 97 compared with the average of
several atmosphere-ocean GCM simulations starting
with different atmospheric conditions in 1979 (solid
Line). The simulations have been forced with
increasing greenhouse gases, direct and indirect
forcing by sulphate aerosols and tropospheric ozone
fntnng lnd Mt. Pinatubo volcanic asrosol and

ozone vasiations. The model simula-
nondnesmt include volcanic forcing due to El
Chichon in 1982, so it does not show strtospheric
warming then. (b) As for (a), except for 2LT
temperature retrievals in the lower troposphere.
Note the steady response in the stratosphere, apart
from the volcanic warm periods, and the large
variability in the lower troposphere (from Bengtsson
et al., 1999).

Figure 12.5: (a) Response (covariance, normalised
by the vardance of mdiance fluctuations) of zonally
averaged annual mean atmospheric temperature to
solar forcing for two simulations with
ECHAMB3/LSG, Coloured regions indicate locally
significant response to solar forcing. (b) Zonal
mean of the ﬂm EOF of g-reenhmx.se gas-induced
imulated with the same

mod:l (from Cubasch et al., 1997). This indicates
that for ECHAM3/LSG, the zonal mean temp-

1o greenh gas and solar
fuu.ngquudiﬁmmlhcmmphetew
similar in the troposphere.
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KODERA: WINTER STRATOSPHERIC CIRCULATION IN NORTHERN HEMISPHERE
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Figure 1. Meridional cross sections of the monthly mean anomalous zonal-mean zonal wind composed for

ases during fall to winter (from November to February
the voleanic and trend cases). See text for details. The

contour interval is 3 ms™!, and zero line suppressed. Negative values are stippled and values smaller than -3

ms~! are shaded.

the thermal wind relationship. Figute 3 shows composite
means of meridional temperature gradient for the solar, QBQ,
voleanic, and trend cases, from left to right. Unlike Figure 1,
they are equally arranged from top to bottom according to the
calendar month from November to January. In November
(Figure 3, top), to the north of the possible heating region,
indicated by H as in Figure 1, a negative temperature gradient
(warmer toward the equator or cooler toward the north pole) is
found. These negative anomalies near the northern end of the
possible source regions develop downward and poleward from
December, and large negative anomalies are commonly found

in the polar regions of the lower stratosphere in January.
Diverse patterns found in November become similar in January
with negative anomalies in the polar region of the lower
stratosphere and positive anomalies. in the stratopause
regions. In the troposphere, as negative anomalies develop in
the polar region, positive anomalies grow in a rather limited
area around 40°N, 500 hPa. (This last one is, in fact, related to
the tropospheric warming at midlatitudes as can be found in
Figure 1 of Kodera [1994].)

Unlike the zonal winds case, the anomalous temperature
gradients initially found near the possible source regions

11a



Figure 1. Correlation maps for December to February seasonal-mean sea-level pressure (SLP) based on the

North Atlantic Oscillation (NAO) of Walker and Bliss (1932). (a) A reproduction of chart 2 from their paper:

contour interval 60. (b) The same analysis for 1950-94 based on gridded United Kingdom Meteorological Office

SLP (Basnett and Parker 1997). See text for further details. Contour interval 30, negative contours are dashed, and
the zero contour is bold.

Figure 2. Correlation maps for the indices listed in Table 2 based on (upper panels) seasonal-mean and (lower

pancls) monthly December—-March United Kingdom Metecrological Office sea-level pressure data (Basnett and
Prloctons ANATY Eon item mnctnd A€ vpaned 1004 Frnimie intamm] 1 18 namative contonrs are dashed, and the zero
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Fig. 1. Modeled zonal mean differences in December-February 30-mbar geopotential heights
between solar maximum and solar minimum in GISS GCM runs with interactive ozone, both for the
entire simulation and for only those years without sudden warmings (23), and with constant ozone,
Also shown are results from a simulation with Pinatubo-like volcanic forcing (24). In that
simulation, sea surface temperatures were allowed to adjust, so the results are taken from only the
first 3 years (a rough lifetime for volcanic aerosols injected into the stratosphere). Thick portions
of lines indicate statistical significance (>>90%) for the interactive ozone run and for 40 years of
observations (2). In the region where the observations are statistically significant, the results from
the calculated ozone experiment are within the uncertainty of the observations for both analyses.

Fig. 2. December—February 30-mbar geopoten-
tial height differences between solar maximum
and solar minimum for years without strato-
spheric warmings (A), and in the observations
(as in Fig. 1) (B) (2). The shading shows 90%
(light) and 95% (dark) significance levels.

9 APRIL 1999 VOL 284 SCIENCE www.sciencemag.org
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Fig. 3. Annual average percentage ozone differences between solar maximum and solar minimum
averaged from 60°S to 60°N. The data points are from satellite observations covering 15 years for Solar
Backscatter Ultraviolet (SBUV) data (78) and 3 years for Microwave Limb Sounder (MLS) data (79). The
lines give results from the indicated models, including ozone-temperature feedbacks. GISS results are
from the GCM, including our 2D model—derived parameterizations of ozone photochemistry.
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Conclusions

Solar variability makes an important contribution to decadal-to-
century scale climate variability.

GCMs possibly underestimate climate response to solar variability.

Mechanisms whereby the direct impact of changes 1n total solar
irradiance may be amplified are not well established but may
include:

* Changes to thermal structure of the stratosphere affecting
planetary wave propagation in the winter hemisphere.

* Changes to the equatorial lower stratosphere affecting the tropical
Hadley cells.

The effect of solar variability on stratospheric ozone 1s not well
established.
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Correlation, Zonal Annual Mean Geop 30hPa with SSC
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Pressure

Pressure

R {QJ‘&I’IJ 19 QtQJ

Perpetnt Ja

ae.e

¥ ]
-87.06 -68.34 -48.81 -29.29 -9.7% 9.76
Latitude

J87.90 -$8.37 -48.83 -20.32 -5.77 9,77 29,30 49,83 68,37 67,92
Latitude

~29.38  -9.77 .77 .
Latitude

Figure 3. As Fig. 2 but for zonal-mean zonal wind (m s™').

Pressure

Pressure

Pressure

ELLELY

CLIMATE CHANGE AND THE 11-YEAR SOLAR CYCLE

-68.37 -48.83 -29.30 977 .77 29.90 3.3 6837 8.9
Latitude

-48.37 -48.83 -29.30 -.77 .77 9.9 8.0 68,37 87.%

-68.37 -48.83 -29.00  -9.77 0T 29.38 48,83 68,37  B7.%
Latitude '

Figure 3. Continued.



80°N

£0°N

-

=

LAMNTUD

40°S

I
80°N

80°s

100 —

T
o
=]
s

oquw) JYNSSIyd

S
‘v
-,
(3

T
3

100 —

I -
o
(=]
~

900 -

(4oqw) FUNSSIHd

3 %
< ©

LATITUDE



NCEF a lq"qﬁ |I:'q / "‘6‘“] UV I ([T VA SN B

Pressure (hPo)

600 Lo
800 E '\
1000 A

-100 -50 0 50

o
o

0
5 200
T .
~ 400
g
2 600
A
g
4 800
1000 E
-1 =R 0 50 100
Latitude (N)
ANJo
QF S = AT
S 200 3 . E
? E Ve oty 03 .
o E c AN ]
ST v & E
e C ol 8 P E
5 n B Ea) ]
n 600 k
[’ C = ]
E 2 -
" ook ok E
: N ,
1000 i S 3
-100 -50 0 =0 s
Latitude (N)
=
T -
& -
< 3
2 ;3
pat |
8 .
& f ;
- ad
T2 1




NCEP

-200
-400
-600

—-800
-1000

19858~ 1997

$1

illllll[lllllll[lll

| 0

e S

o

Illllll!!llllll'l!l

100



ubar component (m/s)

ubar (m/s)

3N 85 200l fa

o
IIIIIIIIIIIIU!IUIIHIllll”]lll"llll

o ©

1975

1995 2000



30°s, 200La

ubar component (m/s)
©
||||I||||l”|l|l|l||””|IIITIIT”I””

IIrllllllllllllllIlllllllilll!lllllllll

1975

1990 1985 2000

i
o

S
o

IIIIIIHI[IIIIIIIII'IHIIllIIliIIIIIIH

[&}]
(@]

ubar (m/s)

)
O

—
o

Il[lIlHIIlIIIIIIIIlIIIIII.IIIIIIIIIIrlJ_

1975

1990 1995 2000



MMC

FEBRUARY

JANUARY

&

-+
b

100

Q

Joqur) aunssaid

A OEO RN o
ARRERX

a
a

(

Joq

a
a
m

w

@0 |

o o o
o Qo 9
I
) sunsselq

40°N BO°N

o

40°5 o° 40°N 80°N

BO*S

Q 9 9 g g
8 g8 8
- @ =~ a

(Joqui) aunssaig

a o o a

=3
e 9 2 @ 9
- ®m B R @

(1ogqu) sunssaid

BOPN
BO°N

o 40°N
40°S o° 40°N

40°5

B80S
80°s

o 9 9 o a o o o o o
0 9 g9 © o a g 0 @ 9
- P 0 R & - A b &~ &

(oqu) sanssaig (4oqui) sansssig

S .

£ % 4
& &
S 8 =
E £ £
& & g
<+ - +
(=} (=] k=]
Y Y 9
Q = «Q
2 2 2
o 'y Y
& 5 &
2 3 8

s g agag s aaaag

Qo Q o O QO g o 9 9

288 R 8 28888

(ioqui) asnssalg (soqus) ssnssaly

o0
&
m
o
O
(o]

o
i
@
=
|
=
o
ul
7]

o o o g g
o & 8 o o
- B B~ @

(1oqui) 8unsseid

40°3 o° 40°N

an°s

DECEMBER

{0

NOVEMBER

(k)

o oo o o
- B B & o
TcaEvE:mmEm

o
e & 8 & o
- ®m B~ >
(Joqu) aunssaiyg

o 40°N B0°N

LATITUDE

80°s

LATITUDE



MM E

Pressure (mbar)
|5 53 5 vt i )
Pressure (mbor)

Pressure {mbar)
Pressure {mbor)

Pressure (mbar)
Pressure (mbar)

= =
o o
F2 F=3
& 5

L
2 g
=1 =]
v I3
0 wr
g g
o o

o - T T [ 1 T -
80°S 40°8 o° 40°N 80N 80°S 40°5 o 40°N BO°N

(i}  SEPmmcEMBER

i

Pressure {mbaor)
wm
o
2
Pressure (mbaor)

T T
40N BO™N

(k) NOVEMSER '

I
BO°S 40°5 0°

o100 = = Ay —
G - =] e
a [ 5 e
£ » = r
2 = = r
3 ~ 3 -
2 - b L,
i i = )
a = o -
7 i 2
I v 1 T 1 T T T I
80°S 40°8 a° 407 BO°N Bo°s 4008 o° 40N




	Overview:
	Radiation Balance
	Greenhouse Effect
	Radiative Forcing
	Why is radiative forcing a useful concept?
	Complications:
	The Intergovernmental Panel on Climate Change (IPCC)
	3 IPCC working groups:
	IPCC Reports:
	Conclusions

