FEEONEIEING TROPOSPHERIC FEMIFERE

IRRENIESFROM TIHE MIC

ROVVAVESSEISIN

UNI'

Stephen Po-Chedley

NIOEA STAR Se

minar Series

COGS Presentation

RIE

B]

NE



AGENDA

(S



L L B N e ————
45-4-35-3-25-2-15-105005 115225 3 35 4 45

Height (hPa)

Motivation.

» Observations are an important check for models.
* Models predict temperature amplification in the tropics.

» Only some observations demonstrate amplification.
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Motivation.

» Observations are an important check for models.
* Models predict temperature amplification in the tropics.

» Only some observations demonstrate amplification.

2 |'st Century Warming. / Anthropogenic Fingerprint.
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Pressure (hPa)

Motivation.

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!
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Global coverage, 1979 - present
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Motivation.

» 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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Motivation.

* 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.

» lemperature trends derived from radiosondes and satellites
have led people to guestion “the fingerprint” and models.

N

» A battle in the Iiterature has followed surrounding
temperature trends. e e
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* Singer, 2008: “[ This information] clearly falsifies the hypothesis of anthropogenic global warming” (quote, CES)
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We have tested the proposition that greenhouse model
simulations and trend observations can be reconciled. Our
conclusion is that the present evidence, with the applica-
tion of a robust statistical test, supports rejection of this
proposition. (The use of tropical tropospheric temperature
trends as a metric for this test is important, as this region
represents the CEL and provides a clear signature of the
trajectory of the climate system under enhanced green-
house forcing.) On the whole, the evidence indicates that
model trends in the troposphere are very likely inconsis-
tent with observations that indicate that, since 1979, there
is no significant long-term amplification factor relative to
the surface. If these results continue to be supported, then
future projections of temperature change, as depicted in
the present suite of climate models, are likely too high.

In summary, the debate in this field revolves around
the idea of discrepancy in surface and tropospheric
trends in the tropics where vertical convection dominates
heat transfer. Models are very consistent, as this article
demonstrates, in showing a significant difference between
surface and tropospheric trends, with tropospheric tem-
perature trends warming faster than the surface. What
is new in this article is the determination of a very
robust estimate of the magnitude of the model trends at
each atmospheric layer. These are compared with several
equally robust updated estimates of trends from observa-
tions which disagree with trends from the models.

The last 25 years constitute a period of more complete
and accurate observations and more realistic modelling
efforts. Yet the models are seen to disagree with the
observations. We suggest, therefore, that projections of
future climate based on these models be viewed with
much caution.

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

» 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 avallable).

RMetS

INTERNATIONAL JOURNAL OF CLIMATOLOGY

(B)

for. ). (el (2005 100 — ro—— T—r T T —
Pudlided onloe o Wikes TnterSoence ol Meteoroloaical Societ \ T
(e loprersceoce, wiles com) DOL 10000005, 175 RO MeSeOoriogal SOy \
T, resuits
\
Consist f modelled and observed te ture trends i - HagAT2 | g e
onsistency of modade ana opserve mpera nas i 150 k- ag \ e & i) i
: » - ' ..n‘ <@
the tropical troposphere o —
e RATPAC-A \ - e - -Sondes
\ >—
y e : . - ¢ -
B. D. Santer,”™ P. W. Thome,” L. Haimberger,” K. E. Taylor,® T. M. L. Wigley,’ 200 RAOBCORE V12w X =~ 2 L
J. R Lanzante® S. Solomon,” M. Free,® P. ). Gleckler,” P. D. Jones,” T. R. Karl' §. A. Klein,? A 4 RAOBCORE v1.3 oy et - UMd
2 ) Yann! d - tAe Kk | §% 3 [ J . "
C. Mears! D. Nychka,” G. A. Schmide.,* S. C. Sherwood,' and F. J. Wentz - 250 | ™~ RAOBCORE v1.4 R —a—t 4 UAH
b Prsgrom for Climare Moded' Diagsosis sed Jasesompainioom (POMIN), Laesence Livermore Nonsod Labovstsry, Divermore, CA WSS LA [ ‘IICI i
' UK Meseowslagical Offce iadley Cenve, Enever. EX] IPE. UK % ; —— RSS
* Dvporyeers of Meseorclogy ond Geophynicr, Unveratty of Vieena Albseategare 14, A-JONG Vemna, Auntng ~ 3m ” o s ave - 7
 Natvonal Center for Avwourphersc Neararck, Soalder, 00 X007, (/54 @ Mut-model " g
¥ Nowowal Ovesnit sndd Armagieric AdsisisrstionSeopysion! FA Dyssmics Ladaranowy. Priscenon, NJ M52, US4 = A Multi-mogel amaw rt-o
Nationsl Ovesmic sl Admasphenis AdwinistastisaEar System Rrsesnch Lodvwsnovy, Chemical Sciences Divisisa. Boaldes, 00 80305, USA 4 Tzu results
# Navona! Oceanic asd Atmagperse Admisiration'dir Locwrces Loboraiory, Sihver Spewng, MO X010, USA @ - Mum_mowl avora: T' o |
Y Clmenie Neavarck Lng, Schood of Eevironmesssl Sciences, Usiversity of Fam Acgliz, Novwdch, N0¢ 710, UK E 4m A 90 ST J " 7 . - Mode's
Nuvsand' Orvecnic ond Atmousderic Adwisinmravon®Nasonsl Clieans Dava Conter, AshenilTe, NC 28007, UISA
s \ . v »
Rewste Seasing Systems, Sansn RBosa, CA 95400 LS4 ¥ HadCRUT T o o v &
b NASAGoddard frasiare for Space Ssadier. New York, NY 00025, USA 500 ~ -
Kale Umtvernity, New Mavex, O 06520, (IS4 ¢ HadISST1 rZST \ :7 t “" h SOndeS
\ ol
* EASSTW2 Ty, A = -
Al
700} * ERSSTVA Ty, : i et - UAH
ABSTRACT: A recent repont of 2 US. Chmate Change Science Program (OCSP) dentified 2 “potentially serios
incossistency’ between modelled and observed trends in tropical kapso ratos (Karl o7 af., 2006), Early versions of swellite 1 RSS
nd rafiosade datasets suggesied that the wopical seefece had waemod rore thas the roposplere, while climate models 850+ 4 /
conssontly showed ropasphenc amplification of serface warming in response to human-caused increases in well-mived T
srecchouse o (GHGs e fevisit -t " - . o og] ¢ 4 1 o ed) 557 2°C|
grecshouse prses (GHGR). We sevisit such comparisoss here usisg new observatioss] esimates of seeface and tropospheric Surface - o
tomperaure chanpes. We find that there is 20 koager 2 senoes discrepancy between modelled and observed trends in tropical L gl . in PR | N 4 L

lapse cales.

This emerpag reconciliation of models and observations has two pimary explamations. First, becavsn of chanpes =
the reatment of Sooy and satolbee information, new serfaco temperature datasets yiokd shightly reduced tropical warming
relative 20 elier versiona Second, receatly developad satellite asd radicsonds dutasets show larger waening of the tropical
lower troposphere, In the coso of a new selline datanet from Remooe Sensing Systems (RSS), enhanced warming is due
w as ingroved peocedure of adjesting for ister-sateline bizses. Whes the RSS-derived opasgheric lemperatuse trend is
compered with four different ohserved ostimates of surfaco tempersture change, the sueface warming is imvariably amplified
in the wopical wopaiphere, consisient with model resulis. Eves if we wie &uta feom o socond satellite datsiet with sesalier
troposphenc warmeng than in RSS, observed tropecal lapse rato trends ace noe sigroficanddy different from those in all other

mnid astnlatirm e

A A 1 A ' A 1 ' A 1
02 01 0 01 02 03 04 05 06 03 0 0308
Trend (°C/decade) Trend (*C/decade)

6/52

05 04 -03

DCPS07 26 S.E.
20 std. dev. of model ensemble-mean trends



Motivation.

But disagreement looms...

Rermote Sensing 2010, 2, 2148-2169; doi:10.3390/rs2092148

www.mdpi.com/journal/remotesensing

Article

What Do Observational Datasets Say about M odeled
Tropospheric Temperature Trends since 1979?

John R. Christy "*, Benjamin Herman 2, Roger Pielke, Sr. *, Philip Klotzbach *,
Richard T. McNider ', Justin J. Hnilo ', Roy W. Spencer ', Thomas Chase * and David Douglass®

Vi,



Motivation.

But disagreement looms...

Abstract: Updated tropical lower tropospheric temperature datasets covering the period
1979-2009 are presented and assessed for accuracy based upon recent publications and
several analyses conducted here. We conclude that the lower tropospheric temperature
(T.7) trend over these 31 years is +0.09 = 0.03 °C decade'. Given that the surface
temperature (Tg) trends from three different groups agree extremely closely among
themselves (~ +0.12 °C decade™ ") this indicates that the “scaling ratio” (SR or ratio of
atmospheric trend to surface trend: T;7/Ts;) of the observations is ~0.8 + 0.3. This is
significantly different from the average SR calculated from the IPCC AR4 model
simulations which 1s ~1.4. This result indicates the majority of AR4 simulations tend to
portray significantly greater warming in the troposphere relative to the surface than i1s
found in observations. The SR as an internal, normalized metric of model behavior, largely
avoids the confounding influence of short-term fluctuations such as El Nifios which make
direct comparison of trend magnitudes less confident, even over multi-decadal periods.
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Motivation.

* What does theory say (In the tropics)?

Wave
transport

5 o8

AlHING

' LATE

* [ropics maintain a moist
adiabatic lapse rate In the free troposphere
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Motivation.

18
Skew-T Diagram
/ L 100 16
- 2 14
200 12
10§
300 =
2
8 T
6
500
4
700
2
850
1000 0

AT (K)

24 = |./5xASurface
| . 29xASurface

il
||

S



Motivation.

* There Is an iIncongruence with amplification on different time

scales.
Interannual

Decadal Time Scale
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MSU discrepancies.

* I'here are still large discrepancies in observational trenad
estimates.

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

Table 1.1: Current least squares linear trend values (1979 - 2011) for NOAA, RSS, and
UAH for various channels in units of K decade™!.

Channel | Region | NOAA | RSS | UAH
Global N/A | 0.139 | 0.137
TLT
Tropical | N/A | 0.125 | 0.072
Global | 0.197 | 0.141 | 0.113
T24
Tropical | 0.177 | 0.138 | 0.075
Global | 0.130 | 0.083 | 0.048
TMT
Tropical | 0.131 | 0.101 | 0.040
Global | -0.322 | -0.302 | -0.382
TLS
Tropical | -0.324 | -0.264 | -0.313

| 2/52



MSURdserepaiiaiEs:

* Where are differences In tropospheric temperature
measurements!

Tropical Tropospheric Temperature Series (36 S — 30° N)
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Temperature Anomaly (K)

Temperature Anomaly (K)

MSURdserepaiiaiEs:

Where are differences in tropospheric temperature
measurements!

Tropical Tropospheric Temperature Series (36 S — 30° N)
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MSURdserepaiiaiEs:

* Where are differences In tropospheric temperature
measurements!

Tropical Tropospheric Temperature Series (36 S — 30° N)
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MSU discrepancies.

* Figuring out where the “jumps’ are.
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MSU discrepancies.

» Can reconciling “jumps’ reconcile trends?
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MSU discrepancies.

Tropical (30° NS) RSS — UAH TMT Difference
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- MSURdserepaiiaiEs:

VWhy would two datasets with the
exact same data suddenly disagree!
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MSU discrepancies.

» Complicated merging process...
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» Complicated merging process... The:Extwct

MSU discrepancies.

Science 2005

of Diurnal Correction

on Satellite-Derived Lower

Effects of orbital Tropospheric Temperature

decay on satellite-derived i .
lower-tropospheric Nature 2004 arl A. Mears and Frank ). Wentz

Frank J. Wentz & Matthias Schabel Contribution of stratospheric
Remote Sensing Systems, 438 First Street, Suite 200, Santa Rosa, California 95401

cooling to satellite-inferred

e 17 year lower tropospheric emperature cord derived o {ropospheric temperature trends
the satellite Microwave Sounding Unit (MSU) "~ shows a globa

cooling trend, from 1979 to 1995, of -0.05K per decade at ar
altitude of about 3.5 km (refs 4, 5). Air temperatures measured a nlann F“l Celeste M hhamn] mm G wamnl & Dian J seiw.’.
’ . , . .

the Earth’s surface, in contrast, have risen by approximately

+0.13 K per decade over the same period™, The two temperature | : ; 1t g '

records are derived from measurements of different physica LDepartment of Atmospheric Sciences, University of Washington, Seattle,
parameters, and thus are not directly comparable. In fact, the Washington 98195, USA

lower stratosphere is cooling substantially (by about ~0.5K pe1 ?NOAA Air Resources Laboratory, Silver Spring, Maryland 20910, USA
decade)’, so the warming trend seen at the surface is expected &
diminish with altitude and change into a cooling trend at somu .
paint in the troposphere. Bven 50, it has been suggeated that ths From 1979 to 2001, temperatures observed globally by the mid-

cooling trend seen in the satellite data is excessive’’”. The tropospheric channel of the satellite-borne Microwave Sounding
difficulty in reconciling the information from these differen’ {1t (MSU channel 2), as well as the inferred temperatures in the

sources has sparked a debate in the climate community abouw z
possible instramental problems and the existence of globs lower troposphere, show only small warming trends of less than

warming"’*, Here we identify an artificial cooling trend in th¢ 0.1 K per decade (refs 1-3). Surface temperatures based on in situ
satellite-derived temperature series caused by previoush = hi : —

it ekl e Sfcts, W St s T et observations however, exhibit a larger warming of ~0.17 K per
of +0.07K per decade for the MSU-based temperature trend : > y f
which is in closer agreement with surface temperatures. We alsc anthropogenic and natural factors project an increase in tropo-

find that the reported’ cooling of the lower troposphere, relativi gyherjc temperatures that is somewhat larger than the surface

to the middle troposphere, is another artefact caused by uncor

rected orbital-decay effects. temperature increase®". Here we show that trends in MSU
1980 1 channel 2 temperatures are weak because the instrument partly
Nature 1998 records stratospheric temperatures whose large cooling trend’

offsets the contributions of tropospheric warming. We quantify

the stratospheric contribution to MSU channel 2 temperatures
nicinog MSIT channal 4 which recorde nnlyv etratacnharic toamneara

decade (refs 4, 5), and global climate models forced by combined

its of decadal-scale temperature change in the lower
cooling relative to Earth's surface in the tropics. Such
ial correction to prevent drifts in the satellites’ mea-
g spurious trends. We have derived a diurnal correc-
of the opposite sign from that previously applied.
ion in the calculation of lower tropospheric tem-
crowave measurements, we find tropical warming
at the surface and in our satellite-derived version of
temperature.

1
2005
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Altitude relative to end of 1997 (km)

Wentz and Schabel, 1998

MSURdserepaiiaiEs:

Orbrtal decay!

AIRS/ANSU IFOV

BN

TYPICAL ONF-DAY SCAN PATTERN

1LY x 0.6 AIRS

E £ 8

LATITUDE (Deg)

130 120 *0 60
LONGITUDE (Deg)
/ )-" .

TLT = 4*NADIR - 3*LIMB

AIRS SCAN GEOMETRY
* Altitude: 705 km
* Scan Period: 2.667 5
Direction * Ground Footprints: 90/Scan
of Flight
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MSURdserepaiiaiEs:
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1985 1995

Courtesy RSS (CCSM3)

7005

Anomaly (K)

I —Trdpical Land

Diurnal correction differences?

Tropical TLT Diurnal Cycle
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MSURdserepaiiaiEs:

g ILT Diurnal Correction, Christy et al.
«leoiw i

‘erences!

Diurnal correction dl

1988 1990 1992 1994 1996
Year
Adjustment Applied (K)
1 1 1 1

-015 -010 -005 000 005 010 0.15

Mears et al, 2005
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MSURdserepaiiaiEs:

-
3000 |- Hot Target .
Something else!

okl T 7.7 [ S ———
View

| -
| | Value based on pre-

launch laboratory _
Post-launch non-linear calibration — —
500 - nonline:? — ooefﬁcienrts : —l_Earth MEAS TTARGET —I_ C —I_ E

Cold Target | response b 1 L
2 250 250+ 277.0
Cold Target Tempefatu re (K) 5:':‘ Hol Target /
Target factor
Correction based

Digital Counts

3L Constant bias
Other errors

Christy et al, 2000; Mears et al, 2003; Zou et al, 2009 22/52



NOAA-09.

3000 |}~ Hot Target |
2 Something else?
LYV (R R ————
O View
&)
© |
=) |
() | | Value based on pre-
launch Iaboratory
I |
Cold Target I response l | I
2.4 250 250+ 277 .0
Cold Target 1emperature (K) 5:3 ot Tasies /
Target factor
Correction based
onTw
LI Constant bias

Other errors

Christy et al, 2000; Mears et al, 2003; Zou et al, 2009 22/52



AT 0= TwmX Ot Twx O+ A

NOAA-09.

One equation for each time
step and each pair of
satellites used.

Y \ ¢ 14 o
' i » l‘ » A ‘..s'.. i - ....
03, ——TwNI1x-05 \ ‘

. —o—Tw N12x.05

oA — AT2 Mo corr..

R T —
1 101 200 301 401 SO01 601 7O1 801  SO1 1001 1101

Owys 9nce 19 Sap 1081 Correlation
TwutvAT2=0.94

Tw ni2 v AT2 = 0.08 Chr|5't>/ et al, ZOOO 23/52
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NOAA-09.

This difference has been considered a structural uncertainty
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NOAA-09.

Structural uncertainty
- results when two

equally valid methods
yield different results.
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Anomaly (K)

NOAA-09.

0.60

0.40

° N-06
O N-09
O N-10
+ N-09 - N-06
—N-09 - N-06 smoothed
+ N10 - NO9

UAH merger

0.20

-0.20

-0.40

-0.60
1985.39

1985.55 1985.72 1985.88 1986.05 1986.21 1986.38 1986.54 1986.71 1986.87 1987.03

John Christy, personal communication
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Tb Differences (K)

NOAA-09.

RSS merger
| NOAA-06 NOAA-09

;::f_ Y Residuals
0.6 |
0.45— " *"’""“‘""“
02F NOAA-6 minus NOAA-9
0.0 —

1984 19l86 1988

Mears et al, 2003

1990

1992
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NOAA-9 Target Factor

RSS UAH
Target Factor 0.0399 0.0986

Residual NOAA-9/
NOAA-6 Trend

0.04 K/year | 0.00 K/year

. N6, N7/, N8,
Satellites used NCRNIT N6, N9, N 1O
Area used Ocean only |Land + Ocean
Smoothing > day 60 - 120 day

NOAA-09.

£10)/5")



NOAA-09.

NOAA-9 Target Factor

RSS UAH
Target Factor s 0.0986 UAH target
Residual NOAA-9/ factor
NOAA-6 Trend e Sycar U IS 2 times
| N6, N7, N8, larger
Satellites used NCRNIT N6, N9, N 10 than o
used for
Area used Ocean only |Land + Ocean .
any other
| satellite
Smoothing > day 60 - 120 day

£10)/5")



NOAA-09.

NOAA-9 Target Factor

RSS UAH
Target Factor 0.0399 0.0986 o0 Iea
| larger
Rea N 004 Kiyear | 000 Kiyear  residual
trend
Satellites used lel’()NlZI’ ll?l)& N6, N9, N0 between
’ NOAA-6
Area used Ocean only Land + Ocean and
NOAA-9
Smoothing > day 60 - 120 day

£10)/5")



NOAA-09.

NOAA-9 Target Factor

RSS UAH &
B Factor 0.0399 0.0986 R>> utilizes
more
Residual NOAA-9/ -
satellites to
B T 0.04 K/year | 0.00 K/year B
R constrain
Satellites used PR NN he target
N9, N 10
factor value

Area used Ocean only |Land + Ocean

Smoothing > day 60 - 120 day
61075



NOAA-09.

NOAA-9 Target Factor

RSS UAH RSS uses
Target Factor G- 0.0986 only oceanic
Residual NOAA-9/ regions,
NOAA & Trend 0.04 K/year | 0.00 K/year oL
| N6, N7, N8, MINIMIZES
Satellites used NCRNIT N6, N9 N0 1
iNnfluence of
Area used Ocean only |Land + Ocean .
the diurnal
S hi 5 G0 [N o4°
BRotning ok y 2/ correction

£10)/5")



NOAA-09.

NOAA-9 Target Factor

RSS UAH
Target Factor 0.0399 0.0986
Residual NOAA-9/ Smoothuq
NOAA G Tranc 0.04 K/year = 0.00 K/year - &
Satellites used bRl N6, N9, N0 seemingly
N9, N 10
small effects
Area used Ocean only |Land + Ocean
Smoothing > day 60 - 120 day

£10)/5")



NOAA-09.

s there a way tforward!
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Reported Error
T = T,+ AT
Signal
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NOAA-09.

Reported Error
T = T,+ AT
Signal

Tusu —Tr = (To+ ATysy) — (T, + ATR)
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Reported Error
T = T,+ AT
Signal

Tusu —Tr = (To+ ATysy) — (T, + ATR)

NOAA-09.

Tusyu—Tp = Alysy —ATg
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NOAA-09.

Reported Error
T = AT
Signal

Tusu —Tr = (To+ ATysy) — (T, + ATR)

Tvysy —Tp = ATysy — Alg (ATMSU = —Ao;TTARGET, + €i>

32/52



NOAA-09.

Reported Error
T = AT
Signal

Tusu —Tr = (To+ ATysy) — (T, + ATg)

Tvysy —Tp = ATysy — Alg (ATMSU = —Ao;TTARGET, + 512)

R the Target T t
C2ress VErsus tne 1argect 1Icmperaturce 39/5)



NOAA-09.
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UAH-Radiosonde (K)

0.25
0.2 | A0=0.051+0.031

0.15

o
—A

0.05

o

-0.05

-0.1 )
-2 -1 0 1 2
Target Temperature Anomaly (K)

UAH radiances are signr

1

NOAA-09.

RSS UAH

8 REFERENCE NOAA
— HadAT2 -0.157 -0.208 —0.399*
T@ IUK 0.062 0.024 —0.425*
~ RICH —0.237 ~0.332 —0.501*
. RAOBCORE -0.206 -0.299 -0.477*
RATPAC -0.244 -0.334 -0.672*
Radiosonde mean -0.181 -0.272 —0.543*
REFERENCE UAH Aay
HadAT2 0.041 = 0.039
IUK 0.038 = 0.032
RICH 0.056 = 0.037
RAOBCORE 0.051 = 0.036
RATPAC 0.071 = 0.026
Radiosonde mean 0.051 = 0.031

temperature of -

‘he satellite rtself,

icantly influenced by the
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UAH-Radiosonde (K)
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What Is the impact of this bias?

47 % of UAH-NOAA

Difference

All of UAH-RSS Diff

‘erence

NOAA-09.

g
oo TMT Trends
o NOAA 0127
| RS 0.080
0w UAH 0038
Adi. UAH 0.080
ooas (@l in K/decade)

3 S



T24 Trend (K decade‘1)
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Other discrepancies.

Tropical (30° NS) RSS — UAH TMT Difference

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

3 S



Other discrepancies.

Tropical (30° NS) RSS — UAH TMT Difference
! : ! e

Both

0.4

0.2~

éLand

Ocean

sl :
Tropical (30° NS) RSS — UAH TLT Difference
| i ! —

éBoth

LT versus TMT

éLand

Ocean
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Other discrepancies.
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Other discrepancies.
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Other discrepancies.
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Other discrepancies.
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Other discrepancies.
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Other discrepancies.
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Other discrepancies.
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Other discrepancies.
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Other discrepancies.
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Other discrepancies.

CICSMSHOERERBIN el (Evic e ([RSs)

HOUR=16.5

10

-10

4052



Other discrepancies.
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Other discrepancies.

CICSMSHOERERBIN el (Evic e ([RSs)

HOUR=20.5

10

-10

4052



Other discrepancies.
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Other discrepancies.
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Anomaly (K)
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Other discrepancies.

MSU/AMSU Tropical TLT Diurnal Cycle

+— Tropical Land
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Merged Anomaly

Other discrepancies. -

Individual Land Satellite Corrections
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Other discrepancies.

Tropical Diurnal Correction
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Anomaly (K)
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1980 1985 1990 1995 2000 2005
Year
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Land Anomaly (K)

Other discrepancies.

Tropical TLT Land+Ocean
|

0.2 . .
— Diurnal Correction (scaled)

—RSS-UAH
015~ ' ' ' ' : ' ' ' ' ' ' ' ]
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Other discrepancies.

* [he 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 iImportant in reconciling trends

BNERSERecT ieierence

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

» Over long time scales, radiosondes are a less reliable reference

4650



Concllsieons BaEis

- UAH has a significant bias that reduces the mid-
tropospheric trend

» The UAH merging procedure Is blased

« UAH should increase ~0.04 K/decade

* There Is evidence that tropical differences are related to
the treatment of diurnal drift

4 S



Trend K/decade
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Uncertainties are large..
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But maybe models are overestimating amplification...  49/59



Future work

» 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
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Questions!



