Tracking Earth's Global Energy

Where has global warming from
increased GHGs gone?
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Where did the heat go?

2008 is the coolest year since 2000
Carbon dioxide continues fo rise
Radiative forcing continues apace
Where did global warming go?




Global Energy Flows W m-

Albedo/0.280.340.31 ’ ASR (245226238 TOA[2.5-11.6-7.3

0.30 [0.280.310.290.28 239.4 (247 236244 248

Net [-7.5-7.4-1.010.9

2:1990s

102\ Reflected Solar 341342343341]3 41 Incoming
Radiation 341341344342 Solar
‘ 101.9W m? Radiation
97116105 ‘ 3413 W m?2
94105100 94

Reflected by
Clouds and

Atmosphere

72 64 82 76
75 76 80 76

psorbed by
78 Atmosphere

73 71 83
69 78 761

R2
ERA40
ERA-I

18 16 16
19 8 18 17 88 91 83 90

Absorbed by Thermals Evapo-

Surface transpiration

Net absorbed

Emitted by
Atmosphere

242 237245243239 Outgoing

255243245_,

169

394396 398
399 396 397 399

396
Surface

Longwave
f Radiation

238.5W m?

Atmospheric
f 40 Window

Greenhouse
Gases

333
Back

Radiation
323335344

326 339341341
333

Radiation  Absorbed by
Surface




Energy budget: Reanalyses

AT TOA, most climate models are funed to get
balance or replicate ERBE/CERES

Depends on equilibrium simulation

No longer works in reanalyses
Specified SSTs
Global imbalances (hide even bigger local)

Rl ERA-40 ERA-I JRA MERRA CFSR
Resolution 1.9° 0.8° 05° 11° 0.5° 0.5°
-13 -1 45 +8 +6
-2 +6  +6 +16 +3
-8 -2 -8 +2
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For 1990s vs climatology




Global warming from increasing greenhouse gases
creates an imbalance in radiation at the Top-Of-
Atmosphere: now order 0.9 W m=2.

Main sink is ocean: thermosteric sea level rise
associated with increasing ocean heat content.
Some melts sea ice: no change in SL

Some melts land ice.

Sea-ice melt does not change sea level.




Where does energy go?

Warms land and atmosphere

Heat storage in the ocean (sea level)
Melts land ice (sea level)

Melts sea ice and warms melted water

Evaporates moisture = cloud = reflection
= lost to space

Can we track it?
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Large decrease in global mean outgoing
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Decrease in global mean reflected
shortwave in 2008

Large increase in global mean net flux in
2008

Majority of net flux increase from
decrease in longwave
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Flux Anomaly (W m?)

qr\
=
2
>
©
E
o
=
<
x
=
T

Flux Anomaly (W m?)
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Reflected SW Anomaly
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zero= 0.9 W m2 BAMS 2010 corrected JJREG
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0-700m Heat Content Anomaly
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Pamer ot al. (2007)
Srmth and Murphy (2007)

Domingues et al. {(2008)

Levius et al. (2009)

Is and Kimoto (20039)
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warming rates:
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» VS did not provide 0-700 m OHC vs O 1o 2000m

» Some floats are programmed to go only to 1000 m
and do not go to 2000 m, so that coverage
decreases with depth

> How come all the error bars are the same even

though coverage is increasing?

» How good is the quality of the sensors over this
time? Up to 30% report negative pressures at the
surface.




Ocean Heat Content Anomalies
10% Joules

— 0-700 m (ref 1)
— 0.64 W m? (ref 1)
— = = 0.54 W m~ (ref 8)
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1. Lyman et al 2010 :to 700m

8. von Schuckmann et al 2009 :to 2000m From Trenberth 2010 Natq{r&@@




What about 2003 to 20082

Global mean surface temperatures
60 -

Ll

1997 2003 2008
year




What about post-2003?

Thermosteric sea level rise (mm/yr):
Willis et al 2008 JGR: -05+05
Cazenave et al 2009 GPC: 04+01
Leuliette and Miller 2009 GRL: 0.8+ 0.8

Implication: since 2003, main source of sea level rise is
melting of Greenland and Antarctica, and glaciers.

These require about a factor of ~50 less heat to
produce same sea level rise as ocean expansion

If correct, implies reduction in ocean heat uptake
and TOA energy imbalance in past 4 years.

Does NOT solve energy imbalance problem
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Where does energy go?

1993-2003

2004-2008
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Trenberth 2009



Can we track energy since 1993 when we have had good
sea level measurements?
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Missing energy in CCSM4?
Evolution of T¢ CCSM4 RCP4.5
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In CCSM4, during periods with no sfc T rise, the energy imbalance at
TOA remains about 1 W m-2 warming. So where does the heat go?
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Missing energy in CCSM4?

b40.rcp4_5.1deg.001: Running frends over 10 Years
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In CCSM4, during periods with no sfc T rise, the energy imbalance at
TOA remains about 1 W m-2 warming. So where does the heat go?
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Missing ener'gy in CCSM4?

, b40.rcp4_§.1deg.001 Ocean Heat Content

to276m
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to bottom
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Ocean heat content for those two periods shows
ho warming trend in the upper 275 meters, little
trend down to 700 meters, but an ongoing
warming trend in the deep ocean; the heat is
going into the deep ocean, but where and how?

CCSM4 RCP 4.5
P B

Average hiatus period
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Taking five ensemble members of RCP4.5
and compositing seven distinct 10-year
periods with either zero or slightly
negative globally averaged temperature
trend shows these time periods are
characterized by a negative phase of the
Interdecadal Pacific Oscillation (IPO)

(the t-test was based on the variance across the 5
year differences in these 7 periods compared to the
5 year differences from the entire run.)

In CCSM4, during periods with no sfc T rise, the energy goes into the

deep ocean, somehow.
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Need to know energy balance

A 17 incrzasz in clouds is asouir -0.9 W =
Nezzd rzliablz clouds and radiation dara in closzr fo
real Time.

Wz nzzd bziizr, morz complziz ooszrvations

Wz nzzd mucn bziizr rzanalyszs: aimospnzre,

gczan, icz.

Is global warming continuing?




