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\lhat About Model Analyses?
= (some examples)

5" experiment results do not correctly
dlct model climate sensitivity

Viost model analyses still assume linearly
= ind "pendent effects (might be useful metrics)

=3 More appropriate model analyses of feedback
“cannot be verified by observations

®* Model analyses cannot inform understanding of
real climate feedbacks (but can assist forming
hypotheses)
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GENERAL FEEDBACK FORMULATION

AX (1, + 2Af) = Ex, (1, + 2A1) +Z ag(((f 12AA;) AX (1, + At
{,+ At

oX(t, +2A1) dX(t,+ Ar) AX,
' ZZ oX(1,+ Af)  aX(1,) (%)

CLASSICAL FORMULATION

oX (1, + 2Ar) dX(t,+ Af)
oX(t,+ At oX (t,

AX,(t, + 2A1) = Ex,+ D AX(1)




. Assumptions

Forcing is Constant

Sensitivities are Constant

No System Memory

Single-Variable Cause-Effect Relationships
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1€ Other Common Assumptions

System in Static Equilibrium
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L _—-"_

maII Pertubations Allow for Linearized

Analysis

Small Feedbacks Can be Ignored




ouda cover teeapac

with Acloud cover = 0 dRad/adC

(hypothetical examples) i-S T ndef. I
2l aC/aT

IS Zzero

Solar zenith angle effect

day — night (need diurnal cycle!!
tropics = midlatitudes

summer = winter

96

Surface albedo effect

ocean — land

forest = snow
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041015 Daily Mean LWnet (w/m”2): All sky
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041015 Daily Mean LWnet (w/m”2): Clear sky
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040715 Daily Mean LWnet (w/m”2): All sky
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Pressure (hPa)

040715 Daily Mean LWnet (w/m”2). All sky w/ clouds replaced by 040115's
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Pressure (hPa)

040715 Daily Mean LWnet (w/m”2): All sky w/ PW replaced by 040115's
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" NEED HOLISTIC
DBSERVATIONAL EVALATION
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“SOME QUESTIONS

BASIC | Is reduce “dimension of problem”
By Associating Diabatic Heating with
- Each Meteorological State

___-

Id States be classified locally or globally?

=
—
—_'

Should atmosphere AND ocean be considered?

Will this approach really simplify the problem?




ISCCP PC - TAU histogram pattern and Map in Tropics over 21.5 years
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‘ Relative Frequency of Occurrence (RFO) in the Tropics \

RFO for each weather state —= 155-=15N —= 19B3-2004
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Weak MJO (index < -1)

|

Strong MJO (index < -2.2)

Pressure (mb)

Pressure (mb)

Zonal Wind anomalies (MJO Index<-1)

Anomaly cross sections in 60E-180E region / 5S-5N latitude band
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RFO of each cloud regime in 60E-180E region / 5S-5N latitude band
(MJO events in November-April periods from 1983 - 2004)
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Composite of precipitation in Tropics (1997 - 2004)

GPCP Precipitation —= 155-15N —= 1997-2004
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Composite Total Precipitation Anomalies, 60E-180E -- 5S-5N latitude
(MJO events in November-April periods from 1997 - 2004)
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Composite total radiative net flux anomalies, 60E-180E -- 5S-5N latitude

(MJO events in November-April periods from 1997 - 2004)

i

SW (W/m?)

SW (W/m?)

Anomalies of SWTOA and SWSRF net fluxes
200 F ' - ' - ' ]
L ¥----- ¥ SWTOA"
C %—% SWTOA®
L Q----- © SWSRF" ]
100 ¢——=© SWSRF® E
—100F <SWTOA>"=639.04 k
E <SWTOA>$=631.17 ]
<SWSRF>"=460.66
<SWSRF>*=450.95
_200 1 1 1 1 1
-3 -2 -1 0 1 2 a3
Log in pentads
Anomalies of SWATM net flux
200: T T T T T -
C SWATM" % - - - - - x ]
: SWATM® 06— ]
100 F .
—F ¥ ¥ ¥ F 3
-100F .
- <SWATM>"=178.38
<SWATM>*=180.23
_200 1 1 1 1 1
-3 -2 -1 0 1 2 3

Lag in pentads

LW (W/m?)

LW (W/m?)

Anomalies of LWTOA and LWSRF net fluxes

60 [

40

20}

-20}

-60L

FoO¥----- * LWTOA"
[ k—% LWTOA® ]
L O----- © LWSRF" ]
L —© LWSRF® 1

<LWTOA>"=-218.
<LWTOA>®*=-213, 1
<LWSRF>"=-40.41 ]
<LWSRF>*=—-44 61 ]

96
98

1 1 1 1 1

=2 =1 0 1 2 5]
Lag in pentads

Anomalies of LWATM net flux

60 [

a0l

LWATM" % - - - - - *
LWATM  0———¢

—40 <LWATM>"=—164.14
<LWATM>*=—-168.76
_60 1 1 1 1 1
-3 -2 -1 0 1 2 3

Lag in pentads



Pressure (mb)

Composite Total Zonal Wind U2 (m?/s?) Cross Sections in Tro

(MJO events in November-April periods from 1983 - 2004)
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WHAT DO WE NEED?

More AdVc

iyt

om—

o |

t 10 years of weather-scale variations of
herlc diabatic heating over oceans

3 __ars of atmospheric state and dynamics
. '_|'¢ ocean state and circulation

Dz " i:ommg
. about 20 years of global weather-scale variations of
atmospheric diabatic heating with vertical structure

e more detailed ocean circulation variations

Data needed: more information about water partitioning
on land and more detail about ocean variations













Composite of Radiative net fluxes in Tropics (1997 - 2004)
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INERCHY TRAMSMOTS |

KORTHWARD FNERGY TRAMSPURTS BY
THE ATMOSPHERE-FARTH SYSTEM, ATMOSPHERE ARND OCEAMS

-



CLOUND EFFECTS O3 ERLERGY THARNSPNS
BY THE ATRMOSPHERE AMD OCEAINS
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FI1&. 16, CQualatative mmdicationn of clowd-radiative 2fiscts on the
=zonal amnual mean northwargd total energy transports (PYWW) by the
atimaosphere {(solid line) and the ocean (dashed Lne) given by the
differences 1in the inferred transprorts wsing total radiative Huxes
(cloendy plus clear) and clzar—skyy radiativye Huxes, The changes in the
transporis shown reselt from adding cloewds, all other factors beng
held constant.



Annual Mean Generation of APE

annual mean generation of zonal mean
and eddy available potential energy 1997—-2000
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only qualitative

and
_ does NOT indicate feedback

on Climate Change
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Zonal Seasonal Mean Pressure-Latitude Cross-

Pressure (mb)
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oud Effects on Radiation Profiles
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CLOUD TOP PRESSURE (MB)
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omposite of _[),i,ggatic Heating of Atmosphere with Cyclone

LICLHIGULL
ALL — Full-sky LW net flux ot TOA ALL — GPCP PRECIP
WEAK 30N—65N NCEP JJA SLP TEST WEAK 30-60N NCEP JJA SLP ANOM

Represents 3270 storm centers, Max Z1E.E Min 255.3 MWean 238.7
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MID 30N—65N NCEP JJA SLP TEST MID 30—B0N NCEP JJA SLP ANOM

3292 storm centers, Max 213.7 Min Z2409.0 Mean Z234.5
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ALL — Full—sky LW net flux at TOA ALL — GPCP PRECIP
STRONG 30N—65N NCEP JJA SLP TEST STRONG 30—60N NCEP JJA SLP ANOM

Raprasents 3534 storm centers, Max 206.9 Min 245.1 Maan Z230.4 Repre te 3058 storm centers, Max 7.983 Min 02,923 Mean
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hortwave Cloud Forcing
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Comparison of Studies
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SCCP-FD Minus ERBE Annual Mean
DA LW1 (W/m?2) for 85-88
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F1g. 1. Schematic illustranng different assumprions about varia-
tions of optical media used to model radiative transfer through cloudy
atmospheres. (a) honzontally homogeneous layers with properties
that vary only in the vertical. (b) horizontally and vertically mnhom-
zeneous layer. (c) hornzontally and vertically inmhomogeneous layer
that 15 statistically homogeneous in the horizontal direction.
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First Determination of Gz and Ge

Observations

generation of daily mean zonal mean zonal mean generation of daily mean eddy
available potential energy 1997-2000 _ available potential energy 1997-2000
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Zonal Cross-sections of Cloud Effect

= “gog

85-89 Annual Net Cloud Effect/Forcing
profile (W/m?): LW (top left), Total (top
right), and SW (bottom).
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