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Radiative Anomalies (Wm'z)
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Longwave Anomaly (Wm™)
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No OLR trend also in some GCMs
(e.g., GFDL CM2, Huang&Ramaswamy 2009)
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Blue lines and color contours: Evolution of the variables in the GCM simulation
Red dotted lines and black dots: anomaly (relative to 1980) larger than 3 times the Nat. Var.
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Linear trends in radiances
(Huang&Ramaswamy 2009)
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Spectral compensations result in OLR conservation:
Forcing (CO,) — Warming (Window)
Feedback (H,0O) — Feedback (Temperature)



Vertical perspective A simulated climatology of height-
dependent atmos radiation [Huang 2012a]
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Vertical + spectral perspectives

X 107 OLR spectra
——surface
 200hPal Planck effect.
—_400hPa|| €xceeds opacity
———100hPa}| effect in the
—TOA troposphere.

== OLR conservation
not possible without
-1 stratospheric
contribution.
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Linear trends in global mean up-welling longwave
radiation spectra
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Spectral kernels

e CM2 atmosphere

 PRP done globally and 3-hourly for 1 year then
monthly averaged to obtain: K(month,vertical-
level, latitude,longitude,wavenumber)

* Temp: +1K
H20: specific humidity +10%

(Cloud fraction/liquid/ice concentration:
+10%)
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temperature

Zonal mean (equa. to pole) spectral kernels
(eq pole) sp clear-sky

ker_up_clear_temp, lat band 1 lat band 2 lat band 3
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Zonal mean (equa. to pole) spectral kernels temperature

all-sky
ker_up_temp, lat band 1 lat ba d2 lat band 3

10} [ ' | of [ ’ 10 ki | !

= w 4l o S | Lty

500+ fl ‘ 500t 500

v e “i | = MWW J h B | ™

o h oo WO Tk e y
500 1000 1500 2000 500 1000 1 500 2000

Ibd4 lat band 5

10} - 10} N | ] 10 "
100 'w - 100} M ’ ‘ | - 100 4l “
N T O i | 2t
“ | | ]
“% """ N | “w - | J

700} W 700 M’u 1 W m2
9001 Iy 900] V| T | ] /em?
500 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000 / AX

1;2 ‘ 1 1;2 I | ik 1;2 [ | | :
3oo- ‘MW ‘i - 300} | | 3007 ik | - 4
500 | WI | 5007 THEH 500 1 Tl ‘ MW | ' @
o A RN'E
mn l% | sl It = W ;

I
OO 1000 1500 2000 500 1000 1500 2000 500 1000 1500 2000



10¢

100} il
300}
500
700t
900

107}

100 |
300 ¢
500 ¢
700 ¢
900 |

10}

100 |
300-

500 ¢
700 ¢
900 |

Zonal mean (equa. to pole) spectral kernels

ker_up_clear_h2o, lat band 1

’

n I o

|
500 1000 1 500 2000

lat band 4

i | wu

i WVM mwu

500 1000 1500 2000

lat band 7

500 1 OOO 1 500 2000

107}

100 ¢
300
500
700
900

107}

100 ¢
300 |
500
700

900 |

101

100
300
500
700

900 |

lat band 2

L

Y,

W'WW .

500 1000 1500 2000

lat band 5

lw

Wlmm ,H”

500 1000 1500 2000

lat band 8

L

| NWIWN

500 1000 1500 2000

10

100
300
500
700
900

10

100
300
500
700
900

10

100
300
500
700
900

Water vapor

clear-sky
lat band 3

T

WW’W h

500 1000 1500 2000

lat band 6

MW |

1 W m-2
] /cm?

'

500 1000 1500 2000 /AX

lat band 9 x10™*

vlmwi

i
|

8
6
4
2
0

500 1000 1500 2000



10¢

100
300
500
700
900

10¢

100
300
500
700
900

10}

100 |
300 ¢
500 ¢
700 ¢
900 |

Zonal mean (equa. to pole) spectral kernels

ker _up_ h2o lat band1

Mmmw Wmmmu \

500 1000 1500 2000

lat band 4

%JWMW .

500 1000 1500 2000

lat band 7

mlmm Uy

500 1000 1500 2000

107}

100
300
500
700
900

107}

100 ¢
300
500
700
900

101

100 ¢
300 |
500 |
700 ¢
900 |

lat band 2

WWWMM

500 1000 1500

lat band 5

2000

W

#

500 1000 1500

lat band 8

2000

'IIMW

500 1000 1500

2000

10
100

300 I LI

500
700
900

10

100
300
500
700
900

10

100
300
500
700
900

lat band 3

\ WWM P

| \
500 1000 1500 2000

lat band 6

WNW “ | w

500 1000 1500 2000

lat band 9

(]

500 1000 1500 2000

Water vapor
all-sky

] /cm?

/ AX

x10

o N EEN ()] (00}



5 X 1 0_3 tropos
e —t-cm2
C IVI 2 o) ! W'Wm —g-cm2
| I Iy
e | {(«',ﬁ:’\&f , v - t—CCsm
T 1 ’ ,/u”.ﬂ'l"m'ﬁ Mo Vo g-ccsm
VS . E ‘ ll wr.lﬁ'.l \ ‘\ | ) J | ;,!"” “‘ 1;‘
3 10k | | g
CCSIVI v) allm]n ! ‘ !“'”““l',v" o — | -
I T T
(personal s |
commu. w/ 1 ! . | | |
D. Feldman) 0 500 1000 1 1500 2000 2500
cm
1 X 1073 stratos
CM2 CCSM «
@
T-trp -4.6 -3.3 E\'
| . 0 ——t-cm2
g —g-cm2
g-trp 1.4 0.9 N(,, o t—oesm
£
= g—-ccsm
T-str 0.9 0.9 =
_4 1 | | I ]
gstr <0.1 <0.1 0 500 1000 y 1500 2000 2500

cm



Other GCMs Unanimously positive
stratospheric

“feedback” (reducing
2r OLR while warming) in
1.5 CMIP3 GCMs
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Summary

* Stratospheric temperature is an important factor that
controls transient OLR variations

— Forcing or feedback?



Vertical + spectral perspectives
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Vertical + spectral perspectives
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Dependence
on spectral
resolution

Radiance (W/(m? sr cm™))

—
ol

Anderson-MLS Radiance for different HWHM

-
o
A
|

7 r
|\'1 fu Y HWHM=0.01
ALY | | HWHM=0.1
AR H }l , HWHM=1
7 | —— HWHM=10

|1
|

I

395

400 405
Anderson-MLS Radiance for different HWHM

,‘| [ | ‘\‘ '. | f \

‘;‘ ls‘x,a AR —— HWHM=0.01
J g HWHM=0.1

" |

1 -

T TT T

|
va } HWHM=1
’ \, | HWHM=10

‘ . |l |

\ ’1\ I ,"j
‘ - I"'»-~.__‘>_ |“ ..II I'.._ v_.,//

1560 1565



Radlance (W)lnz srem™ )

x10°

- -
H20 Anderson - MLS
RTH - RT
A N PP VYRR .
400 600  BOD 1000 1200 1400 1600 1800 2000

x 10

——— Anderson - MLS

R

Rooz.m ~ "coa

1 A Ad hJAAA_ " 4 1
1000 1200 1400 1800 1800 2000
x 10_‘
- -
Anderson - MLS
81 Roa = Pos'oa
8
0,
03+10%
4
W
f
: /M
/|
0 o " / e 1 PR YO T PR 1 i
400 600 80O 1000 1200 1400 1800 1800 2000

Wavenumber (cm")

H,O signals can be
well distinguished
from T, CO, and

O, signals.



Summary

 Downwelling IR radiance at tropopause level affords an
advantageous means for monitoring stratospheric water
vapor

— How to measure it? — S-HIS, FIRST?
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Strongest and soonest to
detect climate change signals
lie in the CO, band:

t <10 yr : verifiable by AIRS

(Weatherhead formula:
secular trend signal vs
internal variability)
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Summary

* Stratospheric temperature is an important factor that
controls transient OLR variations

— Forcing or feedback?

 Downwelling IR radiance at tropopause level affords an
advantageous means for monitoring stratospheric water

vapor
— How to measure it? — S-HIS, FIRST?

* Strongest and soonest (t<10yr) to detect climate forcing/
feedback signals in OLR spectrum lie in the CO, band

— Verified? Due to CO, or stratos T? Spectrally
fingerprintable?
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