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At what rate is
Earth heating?
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Combining Earth Radiation Budget data
and Ocean Heat Content measurements

e Tie 10-year CERES record Loeb et al. (2012) Nat. Geosci.

with SORCE TSI and ARGO- 2
estimated heating rate 11 % ]
2005-2010 + minor 01 / t

additional storage terms

e Variability relating to ENSO
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e Updated estimate of
net energy imbalance
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Reconstructing global radiative
fluxes prior to 2000
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Use reanalyses or models to bridge gaps in
record (1993 and 1999/2000)

e ERA Interim trends
suspect. Use model...

e UPSCALE simulations
(obs. SST, seaice &
realistic radiative
forcings) “OBSg”

e Net less sensitive to
method than OLR/ASR
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Reconstructed Net Flux (Wm™)
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Outgoing
Longwave
Radiation

11]

AMIP5 OBS

CMIP5

Ditference between 2001-2008 and 1986-2000
a o
F.I-“"'

BDE

60E

60E

120E

120E

120E

180W

BHW

1BHW

120W

120W

120W

.—\_p‘“--—n-—"_d_i_-

60W

60W

60W

Zonal mean

145N

1455

145N

1455

145N

1455

25

15

-15

=25

Wm-2



Absorbed
Shortwave
Radiation
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Preliminary results

Heating of Earth continues at rate of ~0.6 Wm-2
Current variability in TOA radiation (1985-2013)
Net radiative flux imbalance fairly stable

— Requires anchoring to ARGO ocean heating rate + minor terms
— Influence of Pinatubo and ENSO
— ~0.3 Wm<? higher in 1995-1999 than 2000-2013 period

Distinct East Pacific signal in AT and AN

Radiative forcing alone can’t explain surface warming
slowdown: internal variability important

Next steps: combining with reanalyses energy
transports to estimate surface fluxes
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Earth Radiation Budget Satellite Data
20°N to 20°S

10]]]11'17]1 | GIEL S B, S L L R |

¢ CERES/TRMM SC — ERBE/ERBS NS

A ScaRaB/Meteor SC — ERBE/ERBS SC @
. ® ScaRaB/Resurs SC --- CERES/Terra SC : 1
-== Nimbus 7 NS
82/83 EI Ni 97/98 El Nino
ino
S5 \ |

PRt Ei“'m 91/92 EI Nino 4 *

@

3 -

=
FET

7

TW -
B
P

- -

-
= e
--:

-—-m
el 1
-

—I‘m

= e
‘---m

_-‘-———

G T

-
-—M\r_‘_ At

3

'n

—

.
—— g
——nni oo

Longwave Anomaly (Wm™®)

b A I T 11 -~

/ f 8/01 La Ninq

El Chichon | Pinatubo Recovery

Eruption  88/90 La Nina  Pinatubo Eruption
| Y [P PO PO SRell JITe Ty CEE o DIS O [ EReCT G O M| ] (OO DR [ )

79 81 83 85 87 89 91 93 95 97 99 01
Wong et al. (2006) J Clim: Wielicki et al. (2002) Science



http://journals.ametsoc.org/doi/full/10.1175/JCLI3838.1
http://journals.ametsoc.org/doi/full/10.1175/JCLI3838.1
http://www.sciencemag.org/content/295/5556/841

Combining Radiation Budget and
Ocean Heating Data
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Combined CERES/Argo data

Incoming Solar: SORCE Level 3 V10

Reflected Shortwave/Outgoing Longwave from EBAF
— (v2.6r > v2.8 > V3..)

Added errors in quadrature to give + 0.43 Wm™
— Argo 0-2000m dOHCA/dt =0.47 £ 0.38 Wm™(2005-2010)
— >2000m ~ 0.07 £ 0.05 Wm™
— Heating/melting ice, heating land/atmos ~ 0.04 + 0.02 Wm™
— CERES standard error + 0.2 Wm~2

Jan 2001-Dec 2010: 0.50 £ 0.43 Wm™2 (EBAF V2.6r)
March 2000 — February 2013: 0.60 + 0.43 Wm2 (EBAF V2.8)

CERES scanner data: cloud mask = clear-sky fluxes; not
possible for ERBS wide-field of view



* |ssues with
sampling, radiance
to flux conversion,
calibration, etc

e Correction for
degradation of
shortwave filter

* Correction also
improves physical
consistency of
trends in daytime
longwave

Updated CERES satellite data

Global Daytime and Nighttime LW TOA Flux
(FM1; All-Sky; All Surfaces)

EditionZ

—+— Daytime
—+— HNighttime

Anomaly (Wm'=)
=)

0.73 £1.3 Wm™ per decade |
2.0 £0.86 Wm™ per decade  D-N: -2.73 £ 0.41 Wm™ per decade
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Year

Edition3

Anomaly (Wm~)
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e

1.25 £ 0.69 Wm™ per decade
0.85 £ 0.55 Wm™ per decade

We used version CERES EBAF-TOA Ed2.6r; currently v2.8



Modelled flux (W/m?)
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Research in DEEP-C project at Reading...
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Is the temperature record wrong or are

computer models inaccurate?
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Can comparisons
tell us about how
sensitive climate is
to radiative forcing?
e.g. Otto et al.
(2013) Nature Geosci
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Spatial infilling of
data gaps influences
trends in surface
temperature
(Cowtan & Way,
2013 QJRMS) and
ocean heat content
(Lyman & Johnson
2014 ). Clim.)
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