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Outline

» The ROM SAF Climate Data Records: CDR v1 + ICDR
» Limitations of the climate data records

» Recent applications of ROM SAF climate data records:
« Testing climate model predictions made 15 years ago
* Contribution to IPCC Assessment Report 6
* Monitoring of the Arctic stratosphere
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ROM SAF climate data records
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Climate data record (CDR v1)

+ CHAMP, GRACE, COSMIC-1, Metop, MULTI

* Input data from EUMETSAT Secr. (Metop)
and from UCAR (CHAMP, GRACE, COSMIC)

» Reprocessed 15+ years, Sep-01 to Dec-16
» Released in February 2019

Interim climate data record (ICDR v1)

» Metop

 Input data from EUMETSAT Secr.

* Processed 5+ years, Jan-17 to July-22
» First release in May 2019

* New data added monthly
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ROM SAF climate data records
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Profile-level biases
and uncertainties

Limitations of the data records
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— origin of the limitations —

Sampling effects
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Limitations of the data records
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Bending-angle anomalies computed for
4 different sets of data, using a common
reference for the anomalies.

Fundamentally very similar. There are dif-
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Limitations of the data records

Bending angle
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Excellent mission consistency 8-30 km.

Consistency for bending angle and
refractivity up to 40 km.
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Use of ROM SAF climate data records

Examples of applications of ROM SAF climate data records are:

» climate reanalysis

» atmospheric monitoring, climate time series

» comparison with MSU/AMSU and AIRS temperature time series

» equatorial stratosphere: QBO, mean zonal winds

» atmospheric trends, contributions to the IPCC AR6 WG1 report
» climate model testing

» migrating diurnal tides in the stratosphere

» polar stratosphere: SSW events, conditions associated with ozone depletion
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Bending angle trends
— testing climate model predictions made 15 years ago —
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Climate model scenario integrations, made around 2006 with
the Hadley Center model HadGEM1 using realistic emission
scenarios, show how the RO bending angles were expected to

increase over the 215 century (Ringer and Healy, 2008).

4 Evolution of bending angles from 2000 to 2050.

Trend as function of length of time series (at 20 km altitude

~

at the equator).

(b) Bending angle (107 rad): 20 km

(e) Trend (107° rad yr™'): 20 km
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(b) HadGEM1 bending angle trends
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From Ringer and Healy (2008)

Bending angle changes from early
2000s to early 2020s.

HadGEM1 climate model scenario
integrations made in 2006.

Bending angle trends

— testing climate model predictions made 15 years ago —

(a) RO bending angle trends
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Observed bending angle trends
based on ROM SAF climate data

records 2002-2020.

The observed trends at low- and mid-
latitudes are structurally very similar to
those predicted in the HadGEM1 climate
model scenarios, with the observed trends

being slightly smaller.

Observations and model differ near the
poles, consistent with the higher varia-

bility at high latitudes.
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(b) HadGEM1 bending angle

trends
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From Ringer and Healy (2008)

Bending angle changes from early

2000s to early 2020s.

HadGEM1 climate model scenario

integrations made in 2006.

Bending angle trends
— testing climate model predictions made 15 years ago —

(a) RO bending angle trends

impact height [km]
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Observed bending angle trends
based on ROM SAF climate data
records 2002-2020.

Observed trends have converged with 20
years of data. This length seems to be
enough to overcome the impacts of the
natural variability on the trends in the
low- and mid-latitude stratosphere.

Consistent with the trend detection times
stated in Ringer and Healy (2008): around
6 years in the low-latitude stratosphere,
whi to 40 years would be required at
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Bending angle, refractivity, temperature trends

(a) RO bending angle trends (c) RO refractivity trends (d) RO temperature trends
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The low- and mid-latitude bending angle trends are symmetric in the
HadGEM1 model, but somewhat asymmetric in the observations.

This tendency to a north-south asymmetry is even stronger in the
corresponding refractivity and temperature trends.
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Contribution to the IPCC ARG report

— observed and projected temperature trends —

Observed trends Projected long-term change (2081-2100)
GNSS-RO 2002-2019 Multi-model projections (S5P1-2.6) . Multi-model projections (S5P3-7.0)
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From IPCC AR6 WG 1, Technical Summary

Observed temperature trends in ROM SAF RO data (left) in K/decade compared to
projected temperature changes in two different CMIP6 scenarios over a roughly
85-year time period up to the end of the present century.

The two CMIP6 scenarios are SSP1-2.6 (middle panel) and SSP3-7.0 (right-hand panel). o
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Temperature time series in the Arctic stratosphere

Metop Temperature (1DVar), 60N—90N
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Anomalies relative to seasonal
cycle, dominated by polar vortex
build-up and breakdown, and

Sudden Stratospheric Warmings.

Metop Dry temperature, 70N—90N 2012-2013
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Sudden Stratospheric Warming in
the winter of 2012-13 associated
with rapid break up of a polar vortex
and build-up of a new vortex.
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Monitoring Arctic stratosphere
— SSWs, PSCs, and ozone depletion —

Metop Dry temperature, 70N—90N 2015-2016

— daily means —
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Temperatures in the Arctic stratosphere were
extremely low during the 2015-2016 winter,
before breakup of the polar vortex.

Polar Stratospheric Clouds (PSCs) are associated
with very low temperatures, below about -85 C
at altitudes between 15 and 30 km.

Metop Volume with T< T 2015-2016
- ©=400-550 K, 60N—S0N, daily estimates —
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Volume of air in the Arctic stratosphere
with temperatures T lower than Ty,
Associated with PSC formation and ozone
depletion. Sun-light is also an important
factor for the ozone chemistry.
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Monitoring Arctic stratosphere
— SSWs, PSCs, and ozone depletion —

Metop Dry temperature, 7ON—90N 2019-2020
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Temperatures in the Arctic stratosphere during
the 2019-2020 winter-spring season.

Polar Stratospheric Clouds (PSCs) are associated
with very low temperatures, below about -85 C
at altitudes between 15 and 30 km.
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Volume of air in the Arctic stratosphere
with temperatures T lower than Ty,
Associated with PSC formation and ozone
depletion. Sun-light is also an important
factor for the ozone chemistry.
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Conclusions

» RO data provide long-term stable remote sensing data with global coverage.
More than 20 years of RO data now available for generation of climate data records.

» The limitations of the climate data records originate in biases (systematic errors) of the
retrieved profiles, in sampling errors not compensated for, and in impacts from a priori data.

= High consistency between different RO missions between around 5-8 and 30-35 km.
Bending angle consistent up to around 40 km. Lower consistency in the lowest few kilometers.
Humidity data records exhibit bias shifts propagated from the a priori data (currently, ERAS).

» RO provides important information for monitoring the climate, e.g., the rate of warming in the
atmosphere. Complementary to that of other observation types because of the high vertical
resolution. Testing climate models using RO is still somewhat unexplored.

= RO decadal trends as function of latitude and altitude included in IPCC Assessment Report 6,
Working Group | (The physical science basis).

» RO data contributing to a range of applications important for climate: stratospheric winds (QBO),
polar stratosphere, diurnal tides, etc.

»  Firm commitment from the EUMETSAT ROM SAF to make RO based climate data records
available, including regular updates addressing recent scientific developments.
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