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• Observations are an important check for models.

• Models predict temperature amplification in the tropics.

• Only some observations demonstrate amplification.

Allen and Sherwood, 2008.
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• Observations are an important check for models.

• Models predict temperature amplification in the tropics.

• Only some observations demonstrate amplification.

Anthropogenic Fingerprint.

Allen and Sherwood, 2008.
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• How do we measure temperature in the atmosphere?

• Microwave Sounding Unit (MSU)

• Global coverage, 1979 - present

• NOAA STAR (v2.0), RSS (v3.3), and UAH (v5.3)
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• How do we measure temperature in the atmosphere?

• Microwave Sounding Unit (MSU)

• Global coverage, 1979 - present

• NOAA STAR (v2.0), RSS (v3.3), and UAH (v5.3)

TMT (T2)
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• How do we measure temperature in the atmosphere?

• Microwave Sounding Unit (MSU)

• Global coverage, 1979 - present

• NOAA STAR (v2.0), RSS (v3.3), and UAH (v5.3)

TLT - “Lower Troposphere”

T24 - “Full Troposphere”

TMT (T2)
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• How do we measure temperature in the atmosphere?

• Radiosondes (weather balloon)

• Direct measurement of temperature

• Large biases due to solar heating effects

• Patchy coverage

• Measurements at discrete levels

Motivation.
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• Temperature trends derived from radiosondes and satellites 
have led people to question “the fingerprint” and models.

• A battle in the literature has followed surrounding 
temperature trends. 

* Singer, 2008: “[This information] clearly falsifies the hypothesis of anthropogenic global warming” (quote, CES)

Motivation.
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• Turns out Douglass et al. applied a biased statistical test. 

• Did not account for autocorrelation and used older versions 
of radiosonde datasets (when new ones were available). 

Motivation.
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But disagreement looms...

Motivation.
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• What does theory say (in the tropics)?

LATENT HEATING

Wave
transport

• Tropics maintain a moist 
adiabatic lapse rate in the free troposphere

Motivation.
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• There is an incongruence with amplification on different time 
scales.

Tropical (20N-S), 1979 - 2000
* See Santer et al, 2005

1979 - 2009 (ERSST, GPCP)
* See Sobel et al, 2002
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• There are still large discrepancies in observational trend 
estimates.

M
S

U
R

ad
io

so
nd

e

Each group uses the exact 
same raw data!

Why are they different?

Tropical (30NS) T24 Tropospheric - Surface Trend 
Differences (1979 - 2005)

MSU discrepancies.
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MSU discrepancies.
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• Where are differences in tropospheric temperature 
measurements?
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• Figuring out where the “jumps” are.

! 

TB =
Tdiff t( )
kt+1

t+k

" #
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kt#k

t#1

" !

MSU discrepancies.
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• Can reconciling “jumps” reconcile trends?

RSS T24 - UAH T24 (tropics)
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Why would two datasets with the 
exact same data suddenly disagree?

MSU discrepancies.
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• Complicated merging process...
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Orbital decay?

Wentz and Schabel, 1998
TLT = 4*NADIR - 3*LIMB

MSU discrepancies.
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Diurnal correction differences?
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Diurnal correction differences?

Mears et al, 2005

MSU discrepancies.
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Something else?

Christy et al, 2000; Mears et al, 2003; Zou et al, 2009

Target factor

T  = T    - αT      + C + εMEASEarth TARGET

Constant bias
Other errors

MSU discrepancies.
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Something else?

Christy et al, 2000; Mears et al, 2003; Zou et al, 2009

Target factor

T  = T    - αT      + C + εMEASEarth TARGET

Constant bias
Other errors

NOAA-09.
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ΔT   = T    x α + T   x α + Am, n W, m m W, n n m, n

One equation for each time 
step and each pair of 

satellites used.

Christy et al, 2000

NOAA-09.
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α-factor

~0.06

This difference has been considered a structural uncertainty

NOAA-09.
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NOAA
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H=1/2gt2
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NOAA

Structural uncertainty 
results when two 

equally valid methods 
yield different results.

NOAA-09.
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Mears et al, 2003

Residuals

NOAA-6 minus NOAA-9

RSS merger

NOAA-09.
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RSS UAH

Target Factor 0.0399 0.0986

Residual NOAA-9/
NOAA-6 Trend

0.04 K/year 0.00 K/year
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Area used Ocean only Land + Ocean

Smoothing 5 day 60 - 120 day

NOAA-9 Target Factor

NOAA-09.
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RSS UAH

Target Factor 0.0399 0.0986

Residual NOAA-9/
NOAA-6 Trend
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Area used Ocean only Land + Ocean

Smoothing 5 day 60 - 120 day

NOAA-9 Target Factor

UAH target 
factor

is 2 times 
larger

than that 
used for 
any other 
satellite

NOAA-09.
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RSS UAH

Target Factor 0.0399 0.0986

Residual NOAA-9/
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Smoothing 5 day 60 - 120 day

NOAA-9 Target Factor

RSS leaves a
larger 

residual 
trend 

between
NOAA-6 

and 
NOAA-9

NOAA-09.
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RSS UAH

Target Factor 0.0399 0.0986

Residual NOAA-9/
NOAA-6 Trend
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NOAA-9 Target Factor

RSS utilizes 
more 

satellites to 
constrain 
the target 

factor value

NOAA-09.
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RSS UAH

Target Factor 0.0399 0.0986

Residual NOAA-9/
NOAA-6 Trend

0.04 K/year 0.00 K/year

Satellites used
N6, N7, N8, 

N9, N10 N6, N9, N10

Area used Ocean only Land + Ocean

Smoothing 5 day 60 - 120 day

NOAA-9 Target Factor

RSS uses 
only oceanic 

regions, 
which 

minimizes 
the 

influence of 
the diurnal 

cycle 
correction

NOAA-09.
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RSS UAH

Target Factor 0.0399 0.0986

Residual NOAA-9/
NOAA-6 Trend

0.04 K/year 0.00 K/year

Satellites used
N6, N7, N8, 

N9, N10 N6, N9, N10
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Smoothing 
has 

seemingly 
small effects
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Is there a way forward?

NOAA-09.

31/52



Reported

Signal

Error

NOAA-09.
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Reported

Signal

Error

( )
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Reported

Signal

Error

Regress versus the Target Temperature

( )

NOAA-09.
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UAH radiances are significantly influenced by the 
temperature of the satellite itself.

r-v
al

ue
s

NOAA-09.
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UAH radiances are significantly influenced by the 
temperature of the satellite itself.
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What is the impact of this bias?

47 % of UAH-NOAA Difference
All of UAH-RSS Difference

TMT Trends
NOAA     0.127
RSS          0.080
UAH        0.038
Adj. UAH  0.080
(all in K/decade)

N9 drift

NOAA-09.
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NOAA-9 addresses some of the differences. 
What about the others?

Other discrepancies.
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CCSM3.0 TLT Diurnal Cycle (RSS)

Other discrepancies.
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Other discrepancies.

• The effect of the diurnal cycle drift can be similar to warm 
target effect

• Diagnosing drifts in the diurnal cycle correction or warm 
target temperature is important in reconciling trends

• No perfect reference

• Some studies using radiosondes (e.g. Randall and Herman, 
2008; Christy et al. 2010) indicate that the diurnal drift 
correction for RSS is too large for TLT

• Over long time scales, radiosondes are a less reliable reference
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• UAH has a significant bias that reduces the mid-
tropospheric trend

• The UAH merging procedure is biased

• UAH should increase ~0.04 K/decade

• There is evidence that tropical differences are related to 
the treatment of diurnal drift

Conclusions Part I.
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Mears et al, 2011
1990 1995 2000 2005 2010 20150.04

0.02

0

0.02

0.04

UAH TLT Corrections by Year

Year

Tr
en

d 
(K

/d
ec

ad
e)

C
hr

ist
y 

et
 a

l

C
hr

ist
y 

et
 a

l
W

en
tz

 a
nd

 S
ch

ab
el

C
hr

ist
y 

et
 a

l

M
ea

rs
 a

nd
 W

en
tz

T
hi

s 
w

or
k 

(T
M

T
)

Tr
en

d 
K/

de
ca

de

Uncertainties are large...

Conclusions Part II.
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Fu et al, 2011
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But maybe models are overestimating amplification...

Conclusions Part III.
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• Continue to work on diurnal drift discrepancy

• Explore differences between CMIP5 and observations

• Amplification

• Land/Ocean differences

• Stability changes between the mid- and upper-troposphere

• Mean tropical temperature profile

Future work.
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Questions?


