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Observed OLR 
time series: lack 
of long-term trend 

ERBE/ERBS 
[Wong et al. 2006] 

CERES 
[Loeb et al. 2012] 

SW	
  

LW	
  

NET	
  



20S/N mean 
[Loeb et al 2012] 

Inter-instrument biases 



No	
  OLR	
  trend	
  also	
  in	
  some	
  GCMs	
  
(e.g.,	
  GFDL	
  CM2,	
  Huang&Ramaswamy	
  2009)	
  

Blue	
  lines	
  and	
  color	
  contours:	
  Evolu4on	
  of	
  the	
  variables	
  in	
  the	
  GCM	
  simula4on	
  
Red	
  doIed	
  lines	
  and	
  black	
  dots:	
  anomaly	
  (rela4ve	
  to	
  1980)	
  larger	
  than	
  3	
  4mes	
  the	
  Nat.	
  Var.	
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Linear	
  trends	
  in	
  radiances	
  

cm-1 

Spectral compensations result in OLR conservation: 
Forcing (CO2) – Warming (Window) 
Feedback (H2O) – Feedback (Temperature) 

(Huang&Ramaswamy	
  2009)	
  



Ver4cal	
  perspec4ve	
   A	
  simulated	
  climatology	
  of	
  height-­‐
dependent	
  atmos	
  radia4on	
  [Huang	
  2012a]	
  



OLR	
  and	
  DLR	
  
4me	
  series	
  

While R+ at all surf/tropos levels 
increases, OLR largely conserves. 
While R- at all surf/tropos levels 
increases, stratos R- decreases. 



Ver4cal	
  +	
  spectral	
  perspec4ves	
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TOA

Planck effect 
exceeds opacity 
effect in the 
troposphere. 
 
OLR conservation 
not possible without 
stratospheric 
contribution. 

	
  Linear	
  trends	
  in	
  global	
  mean	
  up-­‐welling	
  longwave	
  
radia4on	
  spectra	
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Longwave	
  
spectral	
  
feedbacks	
  

Stratospheric 
temperature 
“feedback” 

Non-cloud feedbacks 
estimated by using a 
priori calculated 
spectral kernels; 
  
Cloud feedback 
estimated by cloud-
forcing adjustment 
technique [Soden et 
al 2008] 



Spectral	
  kernels	
  

•  CM2	
  atmosphere	
  	
  
•  PRP	
  done	
  globally	
  and	
  3-­‐hourly	
  for	
  1	
  year	
  then	
  
monthly	
  averaged	
  to	
  obtain:	
  K(month,ver4cal-­‐
level,	
  la4tude,longitude,wavenumber)	
  

•  Temp:	
  +1	
  K	
  
	
  	
  	
  	
  H2O:	
  specific	
  humidity	
  +10%	
  
	
  	
  	
  	
  (Cloud	
  frac4on/liquid/ice	
  concentra4on:	
  
+10%)	
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ker_up_clear_temp, lat band 1
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CM2	
  	
  
vs.	
  	
  

CCSM	
  
(personal	
  
commu.	
  w/	
  
D.	
  Feldman)	
  

CM2	
   CCSM	
  

T-­‐trp	
   -­‐4.6	
   -­‐3.3	
  

q-­‐trp	
   1.4	
   0.9	
  

T-­‐str	
   0.9	
   0.9	
  

q-­‐str	
   <0.1	
   <0.1	
  



Other	
  GCMs	
  

lw_total non−cloud cloud false.cloud
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Unanimously	
  posi4ve	
  
stratospheric	
  
“feedback”	
  (reducing	
  
OLR	
  while	
  warming)	
  in	
  
CMIP3	
  GCMs	
  

Based	
  on	
  18	
  GCMs	
  in	
  A1B	
  experiments	
  	
  
[Huang	
  2012	
  b]	
  



Summary	
  
•  Stratospheric	
  temperature	
  is	
  an	
  important	
  factor	
  that	
  

controls	
  transient	
  OLR	
  varia4ons	
  
–  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	
  CO2	
  band	
  
–  Verified?	
  Due	
  to	
  CO2	
  or	
  stratos	
  T?	
  Spectrally	
  
fingerprintable?	
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R- (100hPa): 
Distinct far IR signals 
 
Opportunity for stratos 
H2O monitoring?  

	
  Linear	
  trends	
  in	
  global	
  mean	
  down-­‐welling	
  longwave	
  
radia4on	
  spectra	
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R- (100hPa): 
Distinct far IR signals 
 
Opportunity for stratos 
H2O monitoring?  
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Spectral	
  signatures	
  of	
  
storm	
  injected	
  

stratospheric	
  H2O	
  

Anderson	
  et	
  al	
  2012	
  



Dependence	
  
on	
  spectral	
  
resolu4on	
  



H2O	
  signals	
  can	
  be	
  
well	
  dis4nguished	
  
from	
  T,	
  CO2	
  and	
  
O3	
  signals.	
  

H2O	
  
T+1K	
  

CO2+20ppm	
  

O3+10%	
  



Summary	
  
•  Stratospheric	
  temperature	
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  an	
  important	
  factor	
  that	
  

controls	
  transient	
  OLR	
  varia4ons	
  
–  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	
  CO2	
  band	
  
–  Verified?	
  Due	
  to	
  CO2	
  or	
  stratos	
  T?	
  Spectrally	
  
fingerprintable?	
  



200 400 600 800 1000 1200 1400 1600 1800 2000 2200
5

10

15

20

ye
ar

s

OLR at TOA

 

 

200 400 600 800 1000 1200 1400 1600 1800 2000 2200

−8

−6

−4

−2

0

2

4x 10−5

W
/(m

2  c
m
−1

 s
r)

 p
er

 y
ea

r

cm−1

time to detection
trend

Time	
  to	
  detec4on	
  
(Huang	
  2012	
  a)	
  

Strongest and soonest to 
detect climate change signals 
lie in the CO2 band: 
t < 10 yr : verifiable by AIRS 
 
 
(Weatherhead formula: 
secular trend signal vs 
internal variability) 
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x-axis: wavenumber 
y-axis: σm (instru. error: K) 
contour: time to detection (years) 

Monitoring forcing (CO2, 
stratos. cooling) is little 
affected by instrument 
(in)accuracy; 
Monitoring tropospheric 
feedbacks (H2O vs T) is. 
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