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WCRP/SPARC Act|V|ty on Temperature Changes
" . T N

Activity on Atmospheric
Temperature Changes & their Drivers (ATC)

The aim is to improve knowledge on atmospheric temperature variability
and trends, and their uncertainty in climate data records (CDRS).

= Evaluation of atmospheric temperature observations

= With a focus on new high-vertically resolved RO observations
= Comparison with (chemistry) climate models and reanalyses
= Attribution of atmospheric temperature changes

1st ATC Workshop 2016, Graz, Austrla =200 .- C'V arﬂsmEraneem
<https://www.sparc-climate. org/actlwtles/temperature changes/> 1



GCOS Requir—ements for Climate Data Records

Aim: Ensure that the climate system is & G COS
monitored sufficiently homogeneous, stable =/

and accurate

GLOBAL CLIMATE OBSERVING SYSTEM

Climate monitoring principles
Fundamental Climate Data Records (FCDR & CDRS)

= traceability to reliable reference standards

" long-term stability

= homogeneity & reproducibility

= global and temporal coverage

= accuracy and adequate resolution in space and time

Essential Climate Variable (ECV) upper-air temperature
= horizontal resolution: 25 km in UT, 100 km in LS

= vertical resolution: 1 km UT, 2 km LS

= accuracy (root-mean-square) < 0.5 K

= stability of 0.05 K per decade (GCOS 2016)

G COS- 154 2011, GCOS-200 2016 Bo 8 and Table 23, Amnex A] 2



Comparison of Atmospheric Observations §?ﬁ
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Radiosondes, Microwave sounders, GNSS Radio Occultation

= Radiosondes (RS): weather balloons, direct measurement
+ Long time series, high vertical resolution
— Sparse spatial coverage, instrumentation changes
need homogenization

RAOBCORE Statlm Coverage
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Comparison of Atmospheric Observations

Radiosondes, Microwave sounders, GNSS Radio Occultation

" Nadir sounders: Earth’s radiance at MW or IR frequencies
+ Long time series (40 years), good spatial coverage
— Low vertical resolution — layer average temperature,
need sophisticated calibration

S > "\ —

* S
01 LT "G MT LS SSU258SU26SSUZ7 & & e ——
160 X '. \ om
sl - c14
ﬁ‘1 0 - -50 Viesospnere | s
© \
o ;
= — 30}/ | C12
E
@ = \ Stratosphere
E 10} 87 [y] Stratosphere = f | C11
i - 30 '%
@ = - = .| Cl10
L3 bs T 20 u. ) Cl
100} 120 S
1 10 ) TTS
Troposphere
TTT
1000 ™I o
0 2]

Weight




l Comparison of Atmospheric Observatlons ¥
e NN Wegener Center

Radiosondes, Microwave sounders, GNSS Radio Occultation

" GNSS RO: limb sounding, refraction of GPS signals

+ Long-term stability, high vertical resolution, good spatial coverage
high consistency and quality in UTLS, no inter-mission calibration
— Short time series (2001 — ongoing),
Influence of background field at high and lowest altitudes
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Atmospheric Temperature Records

e NN ———

Layer average brightness temperatures

= Stratospheric Sounding Unit (SSU) merged timeseries

" Microwave Sounding Unit (MSU) and Advanced MSU timeseries
Vertically resolved temperatures

= Radiosondes (RS), GNSS RO, ERA-Interim, ERA5

1960 1965

RS: Raobcore/RICH/RISE
RS: Vaisala RS80/90/92/41
SsuU

SSU-AMSU merged

SSU-MLS merged

SSU-SABER merged |

MSU/NOAA

AMSU/NOAA |
AMSU/Aqua |

AMSU/Metop

(A)MSURSS |

(A)MSU STAR

(A)MSU UAH |

GPS RO WEGC

1970 1975

Time (year)

1980 1985 1990 1995 2000 2005 2010 2015 2020

| | | | e ——

(MLS: Microwave Limb Sounder, SABERSounding of the Atmosphere using Broadband Emission Radiometry



Stratospherié Observations Compared to Models &% o
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AGU 10055, | r—
Geophysical Research Letters ~—k

FRONTIER ARTICLE Revisiting the Mystery of Recent Stratospheric
10.1029/2018GL078035 Temperature Trends

K‘;z Polnts: N _ Amanda C. Maycock' [/, William J. Randel* '/, Andrea K. Steiner®* (", Alexey Yu Karpechko® ",
. tant i
th:rci;;:nz;: ;ZT‘LCZZ;O::SS?EJH John Christyf’, Roger Saunders’, David W. J. Thompsons, Cheng-Zhi Zou®’l
and observed stratospheric Andreas Chrysanthou' (", N. Luke Abraham'®"" (-, Hideharu Akiyoshi'?( ), Alex T. Archibald'®"" (=,
te:”ﬁ_‘irat“re trends over the Neal Butchart'?, Martyn Chipperfield' |, Martin Dameris'* ("', Makoto Deushi'*, Sandip Dhomse™ [/,
. Obeemati e show Glauco Di Genova'®, Patrick Jockel'®, Douglas E. Kinnison? (", Oliver Kirner'” (",
weaker stratospheric cooling since Florian Ladstadter®? , Martine Michou'?, Olaf Morgenstern'® ", Fiona O’Connor'' ",

~1998 when ozone-depleting

Luke Oman?®( ", Giovanni Pitari?' ", David A. Plummer?2( ", Laura E. Revell?3242>
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the atmosphere Eugene Rozanov?*?® |, Andrea Stenke®* ', Daniele Vlsu:ml1621 , Yousuke Yamashita?’28(
- Larger differences exist between and Guang Zeng'®
modeled and observed stratospheric
temperature trends at high latitudes 'School of Earth and Environment, University of Leeds, Leeds, UK, Atmospheric Chemistry, Observations and Modeling

partly due to internal variability Laboratory, National Center for Atmospheric Research, Boulder, CO, USA, *Wegener Center for Climate and Global Change,

University of Graz, Graz, Austria, *Institute for Geophysics, Astrophysics, and Meteorology/Institute of Physics, University of

<https://doi.org/10.1029/2018GL078035>
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Stratospheric Observations Compared to Models /i/ -
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14 | | SSUI Ch. 3 (~|40-50 kml} | |
= Maycock et al. 2018 g
= Merged SSU-AMSU & (A)MSU
observations compared to new )
chemistry climate models (CCMI)
= Substantially better agreement s
between observed and modeled g
stratospheric temperature trends | o , ,
than in former data version ', R0 o1 (-25sskm) [
= Due to improved observations while £ || \
models have not changed much = ] === ikierorico Nasn ans sarcers 2015
MSL:I Ch. 4 (~:1 5-20 km:)
< 2 A (" —— NOAA/STAR V4.0 |
e ] L\ 27 Danves
= ——  Multi-model mean
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1979 1984 1989 1994 1999 2004 2009 2014

Year [Maycock et al. 2018]
—— CCSRANIES-MIROCA.2 (1) HadGEM3-ES (1)
— CESM1-WACCM (3) MRI-ESM1r1 (1)
—— CMAM (1) NIWA-UKCA (5)
CMNRM-CMS5-3 (1) S0COL3 (1)
EMAGC-L47MA (1) ULAQ-CCM (3)
——  EMAGC-LS0MA (1) —— UMSLIMGAT (1)

—— GEDSCCM (1) —— UMUKCA-UCAM (2) 9




Stratospheri(; Observations 1979-2018 S Y
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SSU channel 3
" New SSU merged data ° — Ssums
SSU-MLS, SSU-AMSU ¢ TR ——i
= MSU4-AMSU9 .~
= Anomaly reference Y n— -
period 2002-2016 ’

" Linear regression
]_SSu-mLS -

" Global mean trends (SSuhLs -
are consistent o ' ' " 55U channel 1

= Magnitude of cooling
Increases with height

= Stratospheric trends
-0.7 K/dec at 40-50 km
-0.6 K/dec at 35-45 km
-0.5 K/dec at 25-35 km
-0.2 K/dec at 15-20 km

Tb anomalies (K)
=

Tbh anomalies (K)
=

MSU channel 4; 85S to 85N

Tb anomalies (K)
=

1980 1985 1990 1995 2000 2005 2010 2015 2020

[Zou and Qian 2016, Randel et al. 2016] 10



Stratospheric_: Observations 1979-2018
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SSU channel 3; 855 to 85N

T

Wegener Center

UNI

New SSU merged data  °T.
SSU-MLS, SSU-AMSU

MSU4-AMSU9

Tb anomalies (K)
=

SSU-MLS —0.43
SSU-AMSU -0.44

— SSU-MLS
— SSU-AMSU

Split trends

Weaker stratospheric
cooling after ~1995
(ozone recovery)

Tb anomalies (K)
=

SSU-AMSU -0.

SSU-MLS —-0.30
36

— SSU-MLS
-AMS!

compared to 1979-1995

(ozone depletion)

1979-1995 & 1995-2018
-1.2 & -0.4 K/dec SSU3
-1.0 & -0.3 K/dec SSU2

------
DT

Th anomalies (K)
=

SSU-AMSU —0.

SSU-MLS -0.31
32

-0.8 & -0.3 K/dec SSU1 3

-0.5 & 0 K/dec at MSU4

Tb anomalies (K)

STAR -0.0
UAH —0.0

2+0.09
RSS4 —0.03 +0.08 K/dec
6+0.08

1985

1980

1990

1995 2000 2005

2010

2015

2020
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Troposphe”C/StratOSph Observatlons 1979-2018 ’f
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MSU channel 4; 85S to 85N

" MSU channels 3

= TLS: MSU4+AMSU9
TTS: MSU3+AMSUY7
TMT: MSU2+AMSUS5

= Anomaly reference 3
period 2002-2016

" Linear regression

" Global mean trends
are consistent ;

" Trends 1979-2018
-0.21 K/dec for TLS
+0.09 K/dec for TTS
+0.15 K/dec for TMT o

Tb anomalies (K)
=

Th anomalies (K)
—

Th anomalies (K)
=

1980 1985 1990 1995 2000 2005 2010 2015 202(

S s T Wang 2010, Mears and Wentz 2016, Mears et al, 2017] 12



Atmospheric_VariabiIity Indices
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Stratospheri(; Trends 1979-2018 @ UNI
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SSU channel 3

= SSU merged ;%

SSU-MLS : 0.0 o

SSU-AMSU N — 5 H_X_X_H\HH
= Latitude-resolved gl ==t T | | | | |

SSU channel 2

trends 1979-2018 _os
" Multiple linear regression g ---------------------------------- T
= Largest at N high lats £ .. C *‘P‘H

= Smaller at S high lats e ' ' " 55U channel 1

= Larger uncertainty |
at high latitudes due
to larger variability

Tb trend (K/decade)

Tb trend (K/decade)

-75 -50 =25 0 25 50 75
Latitude
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TropospherlC/Stratospherlc Trends 1979-2018 Y

MSU channel 4

" MSU channels -

= Latitude-resolved 050
trends 1979-2018
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0.00 +
= Multiple linear
regression
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-1.00

= Larger uncertainty 100 MSU channel 3
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Overview on Layer Trends SSU & MSU ' O
S >\ I
Tropics 20°S-20°N Global 70°S-70°N
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Vertical Trends 1980-2018 - Radlosondes

) \ Wegener Center

Tropics 20°S-20°N Global 70°S-70°N
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" Prelim.new radiosonde datasets: RISE (RICH) and RASE (Raobcore)
T

[Haimberger, University of Vienna] 17
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altitude (km)

10F

— ERAS.
— RO

01/2002 — 12/2018

Tropics 20°S-20°N

for -20.0° 1020.0°

Vertical Trends 2002-2018 - RS, ERA5, RO

=10

" ERADL, Vaisala radiosondes, RO
ROV EGC hitipsi//doi.oxg/10.25364MWEGCIOPS5.6:2019.1; Schwarz et al. (2016), Angerer et al. (2017)

Y 0.0 05
temperature trend (K/decade)

Global 70°S-70°N

01/2002 — 12/2018 for -70.0° t0 70.0°
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=l
RO RS Vaisala80/90/92 RISE
RO temperature Trend (2001-09 to 2017-12) I}BS temperature Trend (2001-09 to 2017-12) RISE temperature Trend (2001-09 to 2017-12)
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—— Tropopause Height = Tropopause Height —— Tropopause Height

More on trends from RO in presentations by:

" Florian Ladstadter on climatological trends from RO (today)

= Poster on temperature impact of volcanic eruptions (by M. Stocker )
= Gottfried Kirchengast on atmospheric heat content from RO (today)
= Hallgeir Wilhelmsen on double tropopauses from RO (Monday)

19



m
3

= Layer average temperature data SSU & MSU substantially improved

= Atmospheric temperature changes observed

= Stratospheric cooling 1979-2018 of -0.2 to -0.8 K/dec from SSU & MSU4
= Weaker stratospheric cooling after 1995 (ozone recovery)

" Tropospheric warming 1979-2018 of ~0.15 K/dec from MSU observations

= RO provide information on vertically resolved trends with global coverage

Thanks for@m ';£;§>ifap> FU.'F

funds to:

SPARC _ WCRP.&

World Climate Research Programme
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