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* Current climate
* Climate change in the Industrial Era
* Radiative forcings and climate feedbacks
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Spatiotemporal Scales in the Earth Climate System
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Spatiotemporal Scales in the Atmosphere
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Earth Energy Budget

Units Wm-2
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« Energy balance: Atmosphere 80+(398-40)+21+82-342-(239-40),
Surface 160+342-398-21-82, Earth TOA 340-100-239
 Planetary albedo: ~29% (surface 7%, atmosphere 22%) 6




Top-Of-Atmosphere Incident Solar Radiation: F,

Beijing:
20 150-500 w/m?
’ “\
\\ % 15S-15N:
400 \ 350-450 w/m?

\ A

905 JAN FEB APR MAY JUN JUL AUG SEP OCT NOV DEC



Planetary Albedo (at TOA): R
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TOA Net Downward Sola

r Radiation: (1-R) F
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TOA Upward Longwave Radiation: F,,
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. 0
F,,, As a Linear Function of Surface Temperature
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TOA Net Radiation: F_,
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TOA Solar Radiation: Meridional Distribution
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TOA Upward Longwave Radiation: Meridional Distribution
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* Higher values in northern than southern polar regions
 Weaker gradient than solar radiation
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e
TOA Net Flux (Solar + Longwave): Meridional Distribution
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Surface Net (Solar + Longwave) Flux
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Global Surface Temperature: 1983-2009

ISCCP-DE 135307-200312 Mean Annual
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Global Seasonal Surface Temperature: 1983-2004
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Tropospheric Air Temperature: 1983-2009
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Vertical Distribution of Air Temperature and Its Drivers
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Global Water Vapor Content: 1983-2008
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Global Cloud Water Content: 1983-2008

" (a) CERES/MODIS LWP  (2001-2005)
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Global Cloud Cover

ISCCP-D2 198387-280806 Hean Annual
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Global Cloud Cover: 1983-2008
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Global Precipitation: 1979-2008

GPCP Monthly Mean Precipitation Rate {mrm /day)
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Global Seasonal Precipitation: 1979-2008
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Global Warming
2022
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Global Temperature Anomaly: 1850-2020

Changes in assessed historical surface temperature changes since AR5
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Global Temperature in 2023 and 2024

THE 30 WARMEST BOREAL SUMMERS (JJA) GLOBALLY @

Data: Global-mean surface air temperatures fram ERAS « Credit: C3S/ECMWF
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Global Temperature Evolution

Global temperature evolution over the past 60 million years
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Global Temperature Anomaly: 1850-2020
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Global Temperature Anomaly: 2020

Temperature Anomalies
2020

Anomaly with respect to 1901-2000 mean = - —

https://www.ncdc.noaa.gov/cag/global/mapping/2020
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China Temperature Anomaly: 1901-2020
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Heatwave in 2022 in China
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Global Precipitation Anomaly: 1901-2019
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(c) Global land precipitation anomalies (1891-2019)
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Humidity Change: 1973-2019

(@) Trends in surface specific humidity (q) (b) Global average surface q annual anomalies
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Global Precipitation Anomaly

Land-Only Precipitation Anomalies Jul 2020
(with respect to a 1961-1990 base period)
Data Source: GHCN-M version 4beta
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Changes in Global Monsoon Precipitation

IPCC, 2021

Trend in precipitation
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Surface Wind Speed Change: 1988-2017

Trends in surface wind speed 1988-2017
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Snow and Ice Change
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Ocean Heat Content Change
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Global mean sea level (m)

Global mean sea level (m)

(2) Last 800 kyr

Sea Level Change

Changes in global mean sea level
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mmm Frederikse et al. 2020

Contributors to sea level rise:
https://youtu.be/Q15gTMXjwCc

Trend: 4 cm/10a

IPCC, 2021
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2010 2020
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Effective Radiative Forcing

[Concentration based]

Changelin eﬁectivel. radiative Torcing frorp 1750 to 2|019 ERF (W m™2)

2.16 [1.90 to 2.41]

0.54 [0.43 to 0.65]
0.21[0.18 to 0.24]

Carbon dioxide

Other well-mixed
greenhouse gases

Ozone

Stratospheric
water vapour

Albedo Land use

= CHgq N;O

0.47 [0.24 to 0.71]

0.05 [0.00 to 0.10]

Light absorbing particles on -0.20 [-0.30 to -0.10]
show and ice 0.08 [0.00 to 0.18]

Contrails & aviation- 0.06 [0.02 to 0.10]

induced cirrus
-0.22 [-0.47 to 0.04]

Aerosols Aerosol-cloud Aerosol-radiation 10.84 [1.45 to -0.25]
Total anthropogenic _—4 2.72[1.96 to 3.48]
Solar >-|-< -0.02 [-0.08 to 0.06]
2 1 o 1 2 3
IPCC, 2021 Effective radiative forcing (W m™?)
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Effective Radiative Forcing

[Emission based]

Effective radiative forcing, 1750 to 2019
CO; —

CHq

|
T
-
CFC + HCFC + HFC |
: ——

Ox

Carbon dioxide (CO;)

NMVOC + CO | - 0,0

B CFC + HCFC
SO, - ‘ e HFC

) I Methane (CHy)

Organic carbon —.—\- [ Ozone (03)

B H-O0 (strat)
Black carbon k . Aerosol-radiation

B Aerosol-cloud
Ammonia # 4+ Sum

T

T T T T T T T T T T T T T T T L |

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
(W m~?)

IPCC, 2021
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Effective Radiative Forcing

Changes in effective radiative forcings

Carbon dioxide (CO,) Tropospheric Aerosol
Methane (CH,)
Nitrous oxide (N,O)  Volcanic

Halogenated gases Total

{ﬂﬁf% W R rre—— 'Y

_2 1
i Rate of change anthropogenic ERF o
- o0 05 %
©
04 §
i ¢ 03 °
0]
-4 — 02 &
° 3
[ ® 0.1
- o
**%e0 ® . 002
| | | 1 | | | I | | I | I I | | I | | I I I | I | I L
1750 1800 1850 1900 1950 2000

IPCC, 2021 ae



Total anthropogenic

composition forcing

Radiative Forcing: Spatial Distribution

Total RF: 1850-2000

Multi-model mean 1 46 W m=

| I I I
-30 -20 -1.0 -05 05 1.0 20 3.0

IPCC, 2013

Aerosol ERF: 1850—-[1995-2014 mean]

Net Effective Radiative Forcing

Aerosols

o
&

- :-'\‘.’ O

2

-105 -75 -45 -15 15 4.5 D

IPCC, 2021

(W-m~2)

Robust signal
[ No change or no robust signal

I:] Conflicting signals
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Climate Feedback (W m—2 °C~1)

Summary of Feedbacks

Assessment of Climate Feedbacks

i
o u o
I I

Water Vapour + Lapse Rate

Surface Albedo

oPe

Cloud

Biogeophysical
and non-CO;

Biogeochemical

]
© o o
n o w
I 1

I
e
o

I

w W NN
b O U O WU
| [ [

Planck

[ A8 EEE ARG

1 CMIP5

v

1 CMIP6

IPCC, 2021
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Cloud Feedbacks

Tropical Low Cloud Feedbacks

Observations -

Large-Eddy Simulations - O O .

Global Climate Models 1

-15 -1.0 -05 00 05 1.0 15 20 25 3.0

Wwm~2K~1
Assessed Clloud Feedback Values
High-Cloud Altitude { ——
Tropical Marine Low-Cloud - |—0—|
Tropical Anvil Cloud Area :
Land Cloud Amount 3—'
Middle Latitude Marine Low Cloud Amount A :
High Latitude Low-Cloud Optical Depth - |—0—|
_____________ el e e e e e e
Sherwood et al., 2020 RoG Total Cloud Feedback I :
1

—04 -02 00 02 04 06 08
wm—2K-1



a) Evolution of equilibrium climate sensitivity assessments from Charney to AR6

Climate Sensitivity

p < 10%

6 - - -6
—_—
|
=]
~ 5 - Very likely: 2-5 °C -5
S > o e o <+ i :
5 2 < < < & x : :
' 4 - 5 L w = < < O i Likely: 2.5-4 °C - 4
& S = x
0 L) ) <
W
< 3 = - a Best estimate: 3 °C -3
E 4L 4 il
5 - :
£ 27 e -2
E ARG combines evidence from:
5 + Process understanding
= + Instrumental record
= 1 =1 - - - - - Paleoclimates ~ ]_
g_ Primarily model evidence p< 5% . Emergent constraints
(0]

Also considers instrumental record and paleoclimates
T T T I T I
1980 1990 2000 2010 2020 2030

Year of assessment

b) Equilibrium climate sensitivity (°C) assessed in ARG
and simulated by CMIP6 ESMs

c) Transient climate response (°C) assessed in ARG

and simulated by CMIP6 ESMs

Science 125

=-AAT

T increment

Instantaneous

forcing at n:e-w )
=3.7 w m2 equilibrium
with 2 x CO,

Total Feedback

Process understanding |—'— o | Process understanding [ EEORE —}— ------- 1]
Instrumental record | }o— Instrumental record |_i_ ....... 1
Paleoclimates [ TS—— S Palsocimatos
Emergent constraints | EEEEEEE i | Emergent constraints ||
Combined assessment l—|— -------- 1 Combined assessment I —|—I
CMIPE ESMs R DOODC W K CMIPG ESMs A DRI 0 O
Ll Ll 1 T T T T T 1 Ll
o 1 2 3 4 5 6 7 8 9 0 1 2 3
Best eslimate range or value Likely range or limit Jeesserenennd  Very likely range or limit I Extremely likely limit

4 IPCC, 2021
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.
Cumulative CO, Emissions and Warming

Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GCO.)

e Carbon budget

3
55P5-8.35
)s The near linear relationship 5503-7.0
= between the cumulative
CO; emissions and global ) 2860
warming for five illustrative S ]
. scenarios until year 2050 55P1-26
55P1-19 / |
- 1 — —> Remaining carbon budget
15 GtCO, in line with keeping
obal warming to 1.5°C or
lobal t 2°C
1
Historical global M
Warming
05 67%
) o i 2°C GtCO,
Coumulative CO; emissions since 1850
0
2000 3000 4000 4500 GtCO:
-0.3 Future cumulative
| — S5pl-1%9 CO; emissions differ
| — — 55p1-2.4  BCTOSS SCenarios, and

determine how much
55P3-70  warming we will
(! | [ exparience

B F 8
s e 3
HISTORICAL PROJECTIONS

Cumulative O, emissions between 1850 and 2019 Cumulative €0, emizsions between 2020 and 2050

LN

IPCC, 2021
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BACKUP SLIDES
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Changes in Climate Indicators During Earth Evolution

Selected large-scale climate indicators from the Cenozoic era to the recent past

Atmosphere 0) Cryosphere Biosphere  Ocean C)
s © @ iz # _ i
-l < = ——
» Co, Temperature Glacier extent Northern tree line Sea level rate
CO, (ppm) rate of change relative to relative fo relative fo Sea level relative of change
: (ppm/100 yr) 1850-1900 (°C) 1850-1900 1850-1900 (°lat) to 1900 (m) (mm/yr or m/1000 yr)
it Recent past
(1995_201p4 CE) 360> 397 0.66 to 1.00 05t01.0 0.15t00.25 29t03.6
Approximate
g‘% H pre-industrial 286296 171027 -0.15t0 +0.11 0 -0.0310 0.00 04t00.6
(1850-1900 CE)
M %g;[‘)ﬂ'g;g”gg 27810 285 0.14~0.24 151015 -0.0510 0.03 1107
Mid-Hol
(é‘&g.gcf:)e 260 to 268 0.210 1.0 1103 -35100.5
Last Deglacial
Transition
(18-11 ka) — - 120 >-50
= 5 LastGlacial
oo Maximum 188 o 194 -134t0 -125
(23-19 ka)
Last Interglacial
my?fzg”_f{g oy 266 to 282 051015
Mid-Pliocene
warm period 49 2 4
(33-3.0 Ma) 360 to 420 5t04.0
Early Eocene
= climate optimum
i (53-49 Ma)
Paleocene-Focene
« thermal maximum 41042

b (55.9-55.7 Ma)

Minimum Pre-industrial Level Maximum
X to Y: very likely range, unless otherwise stated in FAIR data table
X~—>Y: start to end of period, with no stated uncertainty -
X~Y: lowest and highest values, with no stated uncertainty Colder Warmer Insufficient data
I P CC 2 O 2 1 Lower sea leval Higher sea level or not assessed
’ More ice Less ice
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Contributions of Long-lived GHGs to Total (GHG+AER) ERF

80 A
B 2019-1850

B 2019-1960

B 2019-2000
60 A

40 -

20

Contribution to ERF increase (%)

CO; CHg N,O Halogenated
species

IPCC, 2021
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Effective Radiative Forcing

(a) Effective radiative forcing, 1750 to 2019 (b}
Emitted Components
€O, | ——

N;O -

CFC + HCFC + HFC | ==
—
NMVOC + CO =
s, — G

Organic carbon —'-I-
——

Ammania 4

Black carbon

gii-

Change in global surface temperature, 1750 to 2019

—_—,

B S

Climate effect through:
Carbon dioxide (CO:)
N}ﬂ

CFC + HCFC

HFC

Methane (CHa)
Czane (Oz)

HzO (strat)
Aerosol-radiation
Agrosol-cloud

+1innnnni

=1.5 =1.0 =0.5 0.0 0.5
W2

IPCC, 2021

1.0 1.5 2.0 =1.0 =0.5 0.0

(c) Aerosal Effective Radiative Forcing

| | ARS
' assessment

Aerosol-cloud interactions
ARG
I assessmeant

| ] El'll?'-l'gf
f 1 balance
consiraints

Observational
avidance

CMIPS 3 XM X X Combined
L modal

evidence

f
CMIPS X ORI AN X

_-.L.%-J!

T T T T T T LI
-20 -15 -1.0 -0.5 0.0 0.5
Wm~?

0.5 1.0 1.5
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e
Effective Radiative Forcing

r | . e | e — T — - —— Ty ] P
| @ @ ¢ AR4RF 1
10 I Greenhouse 1
B > gases ,
e 1 1
< 0.8+ Aerosols .
2 Total ]
2 F anthropogenic ]
(<)) 0.6 f"“ —
U i “4
2
LD
o —
E .
0.2
0.0

X)) 0 2 4
Effective radiative forcing (Wm#)

IPCC, 2013 58



e
Trends in Long-lived GHGs Concentrations

Evolution of well-mixed greenhouse gases

)
[CO,] in 2022: 417 ppm o .
= gig WAIS Divide |
£ 220 Dome C "
; ; o 200 \ . S .
Evolution of atmospheric CO, s004|” 1804 ou LOT 20 S Changes in global mean atmospheric mixing ratios
a LOESS Fit 160 1====__: , , - 2
@ 3000- 3"C-paleosols .=, 350 20 18 16 14 12 10 ! (@) of halogenated GHGs
A% ° 3 L Thousands of years before 2000 500
g%_forqatmimfera . g ' 400
= "“C-phytane e
g 2000 6‘3C—glkyenone 5 2000
= | 1600 | 5300+
S 1000; 1200 2| 200
800 =| 100- 4
04, . . . . . — ,£100ppm 400 CFC-113  2oppt
450 400 350 300 250 200 150 100 50 © 0- '
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! o, 240 20 ppb
~ 2000+ i = H
[ i 200 150+
S ! a HFC-134a
& 15001 : 4 | _ ~ & -
o > Y % s i 800 1600 400
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500+ %’a‘;:' ¥ X . 20 - 483 _ CH,C, [25 pat
— 'r100ppm 0 ey — T 1
55 50 45 40 35 30 25 20 15°10 5 0 | 259 (¢) . B
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450- ! e o ~
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Trends in Long-lived GHG Radiative Forcing

IPCC, 2013

Radiative Forcing [W m™]

RF change [W me yr_1]

o 8
T T T T T T
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n

- ?\III Antlhrlobogelnirlz IGf:Jlselsl

o
o

T
r
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co,
S
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o

0.03

0.02

0.01F

0.00

004 Rate of Change

CH,

CO,

1850

1900 1950

2000
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Ozone Radiative Forcing

Tropospheric ozone burden Ozone RF
5001 0.6F ' . . . —
MMM - HIST L )
450+ MMM - SSP370 . Tropospheric
I Accmip i
I 710AR 0.4 Total
4001 § oBs //M :
| Stratospheric
3501 0ol _

3001

B

E

2501

Ozone Radiative Forcing [W m™]

/

200 Historical Future projection _0_2' L L
1850 1900 1950 2000 2050 2100 1750 1800 1850 1900 1950 2000
IPCC, 2021 IPCC, 2013
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IPCC, 2021

Aerosol Effective Radiative Forcing

Temporal Regional Mean Net Effective Radiative Forcing
due to Aerosols

mmmm Global mean —— SOUTH-AMERICA ASIA —— ATLANTIC
—— ARCTIC EUROPE OCEANIA —— INDIAN
—— NORTH-AMERICA —— EUROPE-AFRICA ANTARCTICA ~ —— SOUTHERN-OCEANS
CENTRAL-AMERICA AFRICA PACIFIC
1850 1875 1900 1925 1950 1975 2000

Year
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LUC-related Surface Albedo Radiative Forcing

Effects already
~7= ocecurred in 1750

b
f . = B
& \ ..
Lo - oy ) F
1 ‘g’"‘ 7
.

I
=

Rad. Forc. [W m?|
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e
Future Projection of Climate Forcers

CH
4 140
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6000 1— Velders (2015) low

. ECLIPSE_Ev5a Range —— SSP1-1.9
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Modeled Anthropogenic versus Natural Impacts

Global

Near-Surface Air Temperature
P Near-Surface Air Temperature Ocean Heat Content

over Land
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Climate-Pollution Nexus

Current actions to Current actions to \Biapras y
- » - - & - arming compounas
limit climate change improve air quality g eomp
Cooling compounds
No direct climate effect
Reduce Reduce
Nitrous Meth Carbon ;
oxide eCHane monoxide Nitrates
(N,0) (CH,) ""-»zro‘%e’ (CO)
Carbon Halogenated & Nitrogen Volatile Black Graani
dioxide compounds oxides organic Carbon ca?bon Sulphate
(COy) (NOy) compounds

: Surface
Tropospheric particulate
Ozone (O3) b

IPCC, 2021 -



Temperature Response to Perturbed Emissions by Sector

Effect of a one year pulse of present-day emissions on global surface temperature

Response after 10 years (H=10)

Response after 100 years (H=100) Net effect, 5% to 95% range

-0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Change in global surface temperature due to total anthropogenic emissions (°C)

Avia-contrail
Avia-stratH,0
HFCs

Residential and com-
mercial (biofuel use only)

By sector, response after 10 years By sector, response after 100 years

Fossil fuel production ] ]

ang l!llistr?b tion — Eg:

Agricultu N0

griculture Be

Waste management 282

Residential and com- I NOx

mercial B COo

Fossil fuel combustion I VOC

for energy m NH, '-O{”
1
I
1

Land transportation

Open biomass burning

Industry
Shipping
Aviation
sy ey T P T Y P I T TS (ST RS ST SR T B! P I T
-0.010  -0.005  0.000 0.005 0.010 0015 -0.010 -0.005  0.000 0.005 0.010 0.015
Change in global surface temperature (°C) Change in global surface temperature (°C)

IPCC, 2021 -



H,O Feedback

Water phase diagram

Supercritical
Fluid

Critical Point

218
647.3K

220.09MPa

Ice Clausius—Clapeyron Eq.:

Pressure (atm)

0.06 Triple Point
| 273.16 K In (i) _ AHwy (L _ i)
P R \T, T
611.66 P4 —— > -
>
0001 100 374

Temperature (°C)

With constantRH T T — H,0 " — GHeffect  —» T4
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Water Vapor Increase Driven by Warming

Trend in TLT (°C per decade)

3.5 o O ERA-Interim O GFDL-CM3
0O JrRA-25 O GFDL-ESM2G
30 _ A MERRA A GFDL-ESM2M
Y - X UAHV54-ssM1  © GISS-E2-H
g ] % RSSV33-ssMI  [] GISS-E2R
© 25 - O ACCESS1.0 O HadGEM2-CC
8 ) [ Accessi.3 [ HadGEM2-ES
2 - O BCC-CSM1.1 O INM-CM4
g 20 - O BCC-CSM1.1(m) @ IPSL-CM5A-LR
‘g O CanESM2 O IPSL-CM5A-MR
% O ccsm4 A PSL-CM5B-LR
s [ CESMi(BGC) O MIROC5
D A CESM1(CAMS)  [J MIROC-ESM
2— O CMCG-CESM A MIROC-ESM-CHEM
- 0O cmce-cms O MPI-ESM-LR
@ CNRM-CMS5 [ MPI-ESM-MR
= O CSIRO-Mk3.6.0 MRI-CGCM3
Slope =5.7 (% °C") O EC-EARTH O NorESMi-M
' . | FGOALS-g2 ) NorESM1-ME
020 0.30  0.40 © Roesw
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Water Vapor Change: 1988-2004

a) Column Water Vapour, Ocean only: Trend,1988-2004

% per decade
b) Global ocean mean (%) 1.2% per decade

4 I | | I | | I I | |

37 ASST=0.25°Cin 15a

M2
l
LI L I

1
I
L I

1989 1992 1995 1998 2001 2004 70
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Water Vapor — Lapse Rate Feedback

Wate rva po r Perturbation Atmospheric Atmospheric Upward
feed baCk temperature humidity longwave
radiative fluxes
O
Lapse rate Unperturbed No lapse rate Negative lapse Positive lapse
feedback profile feedback rate feedback rate feedback

Racdhative Radiative Eadative

torcime A torcime Ad?

Tropopause | e

Larger
temperature
-L"'1:|n;:u'-~ in the

Uppet

troposphere

Lniform
|k'||||!L'I1I|,I,.'l_' | ill'Sl'I'
'_I._‘|'||'|l\_T ature
changes at

changes over
the vertical

surface
Surface

Water vapor feedback and lapse rate feedback are negatively

correlated, and are therefore considered together. Pee. 2007



Ice Albedo Feedback
h§unﬁght

“Albedo”

Applicable to:
lce/snow reflects Sea/lake ice

Glacier
Permanent frost

TP —>lced — Albedo 4 —- TP
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Cloud Types and Radiative Effects

» High-level clouds: weak reflectance of SW, strong
GH effect on LW

» Low-level clouds: strong reflectance of SW, weak
GH effect on LW

» Convective clouds: strong SW and LW effects
» Polar clouds in different seasons?

» How to affect clouds: height, fraction, thickness,
droplet size, phase (liquid or ice), life time

» Changes in CRF are extremely difficult to quantify,
leading to large uncertainty in current estimates
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Summary of Feedbacks

(a) Feedbacks in the Climate System

Negative feedbacks diminish the
nitial climate response to radiative forcing

Positive feedbacks amplify the
initial climate response to radiative forcing

y i L%
- LA
Total -1.16 [-1.81 to -0.51]
Planck -3.22 [-3.39 to -3.05)
Water vapour and lapse rate 1.30[1.13t0 1.47]
Surface albedo 0.35[0.10to 0.60]
Clouds 0.42[-0.10to 0.94]
Biogeophysical and —t -0.01[-0.27 to 0.25]
non-CO; biogeochemical
(Total from panel (b))
-35 -30 -25 -20 -15 -10 -05 00 05 10 15 20 25 80 35
climate feedback parameter (W m2 °C'1}
(b) Biogeophysical and non-CO, Biogeochemical Climate Feedbacks Mean [5-85% range]
Total (without permafrost feedback) -0.01 [-0.27 to 0.25]
CHg source response to climate O permafrost feedback 0.03[0.01 to 0.05]
atm. CHs lifetime response to climate -0.03 [-0.12 to 0.06]
N20 source response to climate 0.01 [-0.01 to 0.02]
Cther non-CO- biogeochemical -0.17 [-0.36 to 0.02]
Biogeophysical 0.15[0.00 to 0.30]
-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.3 0.4
climate feedback parameter (W m= °C'1}
(c) Carbon-Cycle Climate Feedbacks Mean [5-95% range]
Land carbon response to CO, -0.78 [-1.28 to -0.28]
Ocean carbon response to CO» -0.68 [-0.98 to -0.39]
Land carbon response to climate O permafrost feedback 0.25 [-0.03 to 0.54]
Ocean carbon response to climate 0.08 [0.04 t0 0.12]
-5 -10 -05 00 05 10 15 20 25 30 35

IPCC, 2021

climate feedback parameter (W m2 °C'1}

Mean [very likely range]
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IPCC, 2021

Climate Sensitivity and Warming

Schematic ECS likelihood

Assessed changes in global surface temperature

Observations Projections
SSP5-8.5
o6 teali @ SSP3-7.0
S Low-likelihood 8 ¢
8 high warming B - SSP2-4.5
gy Ig’ SSP1-2.6
s SSP1-1.9
E 1980 2000 2020 2040 2060 2080
17 ) i !
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Global Cloud Water Content: 1983-2008

ISCCP-D2 198307-280806 Hean HAnnual

-/ (] (1N 1210

Mean Cloud Water Path

L] —

ol

0 7.5 15 22.5 30 x103cm



Global Cloud Cover: 1983-2008
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Global Cloud Coverage: 2002-2015

Credit: NASA Earth Observatory image by Jesse Allen and Kevin Ward, using data
provided by the MODIS between July 2002 and April 2015. Colors range from dark blue
(no clouds) to light blue (some clouds) to white (frequent clouds).
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Global Temperature Anomaly: 1850-2020
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