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Monitoring Climate Variability

Tropical UTLS — large variability in space and time with relatively small vertical scales,
ranges from diurnal to interannual time scales, large-to small-scale waves
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Monitoring Climate Variability — Example Cyclones P

e Convective clouds & tropical cyclones — vertical thermal structure & cloud tops
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Tropical cyclones vertical structure from GNSS
radio occultation: an archive covering the period
2001-2018

Elzbieta Lasota'®%-2 Andrea K. Steiner'®34, Gottfried Kirchengast'2'3-4,
and Riccardo Biondi'22

(Lasota et al. 2020;
https://doi.org/10.5194/essd-12-2679-2020) 3
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Monitoring Climate Variability — Atmospheric Blocking

Latitude

Latitude

Blocking detection at 500 hPa geopot. height
Detection possible using full COSMIC coverage
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“Russian Blocking” of Jul-Aug 2010 led to an extreme heat wave
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Monitoring Climate Variability — Example Volcanic Clouds X2 al

* Volcanic clouds — vertical thermal structure & climate impact

¢ m%m Ratin eoultation
{

Latitude
Longitude
Date

File name
Calbuco Eruption in 2015 (Time.com, 2015 Aerosols type

Bending angle
Bending angle anomaly

A multi-sensor satellite-based archive of the g‘jz‘;gj:f:“‘re
largest SO, volcanic eruptions since 2006 Refractivity

Specific-humidity

Pierre-Yves Tournigand@l, Valeria Cigala@l, Elzbieta Lasota@l, + +
Mohammed Hammouti3, Lieven Clarisseo“, Hugues Brenot@% Fred Prata®,

Cloud top height
Gottfried Kirchengast@’, Andrea K. Steiner@’, and Riccardo Biondile)!

(Tournigand et al. 2020, https://doi.org/10.5194/essd-12-3139-2020) 5
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Monitoring Climate Variability — Volcanic Signals post2000 "=

 Temperature variability due to volcanic aerosols in lower stratosphere
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Monitoring Climate Variability — QBO and ENSO Al

e Quasi-Biennial Oscillation (QBO) in tropical lower stratosphere ~28 months period
Seasonal-interannual changes in radiative heating & wave momentum fluxes

* El Nifio Southern Oscillation (ENSO) in troposphere every 3 to 7 years
Interannual changes in sea surface temperature of the tropical Pacific

RO temperature anomalies (lat: -20. 0 to 20. 0}
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Trend Detection — Multiple Linear Regression e | R
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Trend Detection — Multiple Linear Regression
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Tropopause Variability and Trends from RO
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Temperature Trends 2002—-2018

e Merged SSU and AMSU @,
e Radiosondes: RAOBCORE, RICH
e Radio Occultation
e Surface HadCRUT4
e Significant tropospheric warming
2002-2018 of 0.25 to 0.35 K/dec §
e Warming weaker in MSU St
r()bsen'ed Temperature Changes in the Troposphere and ™[
Stratosphere from 1979 to 2018 &

A_K_Steiner & ; F. Ladst3dter; W. ). Randel; A. C. Maycock; Q. Fu; C. Claud; H. Gleisner; L. Haimberger; 5-P. Ho;
P. Keckhut T. Leblanc; C. Mears; L. M. Polvani; B. D. Santer; T. Schmidt; V. Sofieva; R.Wing; C-Z. Zou

J. Climate (2020) 33 (19): 8165-8194.

(Steiner et al. 2020 https://doi.org/10.1175/JCLI-d-19-0998.1)
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Temperature Trends 2007-2018 X7

e Radio Occultation past CHAMP (@) Global o) Tropics
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J. Climate (2020) 33 (19): 8165-8194.
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Latitude-height Resolved Trends 2002—-2018
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Heat Gain in the Earth System *-= Y

* Most recent study on heat gain in the Earth system since the 1970s from observations
states a total heat gain of 358+37 ZJ, which is equivalent to a global heating rate of 0.47+0.1Wm™.

e 2010-2018: 90% of heat stored in oceans, 5% land, 3% cryosphere melting,

2% for atmosphere warming (RO data used here).
EARTH ENERGY IMBALANCE :

()< 1 0.47 £0.1(0.87 + 012) Wm?2

R (=1 Required CO, reduction: -57 + 8 ppm
SOLAR
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Schuckmann et al., ESSD (2020)
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Structural Uncertainty — RO Processing Centers

=

RO processing centers work on intercomparison of RO records since 2007
e The aim is to improve the maturity of RO data for use as climate data records

e Community publications: Ho et al. 2009; 2012; Steiner et al. 2013
e Recent community publication: Steiner et al., AMT 2020

Research article
Atmospheric
Measurement

BE S Consistency and structural uncertainty of multi-mission
GPS radio occultation records

Sergey Sokolovskiy®, Stig Syndergaard®, and Jens Wickert?2

Andrea K. Steiner'®1:2, Florian Ladstddter'®1:2, Chi 0. Ao?, Hans Gleisner'®'?, Shu-Peng Ho?, Doug Hunt®,

) ' ® Torsten Schmidt'®7, ulrich Foelsche 221, Gottfried Kirchengast'21:2, Ying-Hwa Kuo®, Kent B. Lauritsen®,
m Anthony 1. Mannucci“®3, Johannes K. Nielsen'®?, William Schreiner®, Marc Schwirz:2,

20 May 2020
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Structural Uncertainty of Multi-mission GNSS RO Records "? N

Standard deviation of RO trends from 5 data centers: lowest at 8-25 km for all RO variables
Temperature: 0.05 K/decade globally, ~0.1 K/decade at all latitudes >>> GCOS long-term stability
For trend detection: CHAMP is limiting >25 km, Newer missions, COSMIC, GRACE, METOP, usable

to higher altitudes (due to advanced receivers and lower bending angle noise)
CHAMP COSMIC GRACE METOP
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Dry temperature Bending angle

T T T T T T T T T T T T
- -
- < 0.4

5D (K/10a)

Temperature

Io s-:L sn:_ ﬂlto I‘l:iL N:r_ cic 5rI|L srl-'L nlo N:L n|1_ sfo (Stea.ioner et al. AMT 2020) 16



1 Bending angle noise (daily basis)

Sources of Uncertainty .
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* Uncertainty propagation

e Structural uncertainty (Angerer et al. AMT 2017)
(Scherllin-Pirscher et al. 2011a;b; 2017; Schwarz et al. 2017;2018; Innerkofler et al. 2020) e o T o o o 17



GCOS Requirements for Climate Data Records i

GCOS aim is to ensure that the climate system is monitored

sufficiently homogeneous, stable and accurate " aow cmwreomevg srrew

Climate monitoring principles for 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

Requirements for 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)
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RO Applications — Added Value o
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e Characterization of spatio-temporal variability of the tropical tropopause region

e Detection of sharp vertical gradients associated with deep convection and tropical cyclones
including cooling at the cloud top and secondary tropopauses

e Atmospheric thermal structure disturbance due to volcanic clouds

e Quantification of GW vertical and horizontal wavelengths, and momentum fluxes

e Characterization of equatorially-trapped waves, seasonal and inter-annual variability

e Sub-seasonal variability associated with the MJO

e Three-dimensional thermal structure during ENSO events and QBO variability

* Vertically-resolved short-term trends of different atmospheric parameters

* Evaluation of other observational data, atmospheric analyses, reanalyses, climate models

Thanks for@esa ,,:;éb>asap> LL": WCRP @

fun dS to- World Climate Research Programme
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