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SPARC:
The study of 
stratosphere -
troposphere 
processes, including 
chemistry, transport, 
and dynamics on all 
timescales from days 
to centuries using a 
range of tools 
including targeted  
measurements, 
models and 
observations
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FUTURE PLANS: OFFICIAL            
SUB-PROJECT OF S2S PHASE 2

• Contributed book chapter to upcoming publication,  
“The Gap between Weather and Climate Forecasting: 
Sub-seasonal to Seasonal Prediction”

• Session on the role of the stratosphere at last 
month’s S2D conference in Boulder, CO.  There 
seems to be significant interest in the S2S community 
about stratospheric processes.

• Some of the community is also interested in 
analyzing other datasets, like SubX and NMME-
contingent on getting stratospheric output from 
participating models

• A.  Charlton-Perez presented at their Steering Group 
meeting to discuss this sub-project in Phase 2

www.s2sprediction.net

SNAP AND ITS CONNECTIONS TO S2S
(SNAP = STRATOSPHERIC NETWORK FOR THE ASSESSMENT OF 
PREDICTABILITY)

• Session on the role of the stratosphere: significant 
interest in the S2S community about stratospheric 
processes. 

• SNAP is now an official sub-project of the S2S project 
(A. Charlton-Perez & A. Butler @ Boulder S2D meeting)

• Work on getting stratospheric data for other projects, 
e.g. SubX, NMME, etc

• Contributed book chapter to “The Gap between Weather 
and Climate Forecasting: Sub-seasonal to Seasonal 
Prediction” 

• Overview paper on examination of Stratosphere-
Troposphere coupling in S2S database (Domeisen et 
al., to be submitted to JGR/GRL special issue on S2S 
prediction)

Outcome from the S2D meeting in Boulder:

Ongoing work:
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THE QUASI-BIENNIAL OSCILLATION (QBO)
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• 26-28-month 
oscillation of 
descending easterly 
and westerly zonal 
winds in the tropical 
stratosphere

• driven by tropical 
tropospheric waves.

• predictable out to 
several months 
(except in 2016!)

• remote impacts on 
tropical troposphere 
and extratropical 
stratosphere

[e.g. Garfinkel et al., 2018, JGR] 



THE QBOI SPARC INITIATIVE: IMPROVE UNDERSTANDING OF 
AND ABILITY TO MODEL THE QBO AND ITS IMPACTS
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QBOi phase I: 17 models (12 modelling centres) contributed model runs of coordinated experiments 
to multi-model ensemble (~30 TB of data stored at CEDA). Details in Butchart et al. 2017 GMD.

Biases:
current climate:
l QBO amplitude too weak in lowermost stratosphere (~70-30 hPa). 
l Teleconnections: Stratospheric polar vortex response: similar to observed, but weaker. NAO 

response also seen in many models.

future climate (2xCO2 & 4xCO2):
l QBO amplitude robustly decreases.
l QBO period changes, but no consistency between models.
l In many models, QBO vanishes from lowermost stratosphere.

Results to be submitted to QJRMS by Nov 30.

Planned Activities 2019
• Summer School planned by GOTHAM project in Beijing autumn 2019 (QBOi partner groups 

involved)
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DYNVAR
(SPARC ACTIVITY ON DYNAMIC VARIABILITY)

Bridging the SPARC activities focused on dynamics

DynVarMIP: Targeted model intercomparison experiments:
quantify resolved and parameterized momentum and heat transport with finer 
vertical resolution in CMIP6 models

New focus of DynVar:
dynamics, predictability and extremes across timescales

- teleconnections
- stratospheric influence
- response of the above to a changing climate

Workshop in October 2019 in Madrid (see next slide)

Workshop in 2021: jointly with storm track meeting?
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Workshop Announcement! 
Atmospheric Circulation in a Changing Climate


22-25 October 2019, Madrid

Sponsors: 
• Facultad de Ciencias Fisicas, Universidad Complutense de Madrid, Spain, 

• Instituto de Geociencias, a joint center of the Universidad Complutense de 

Madrid and the Consejo Superior de Investigaciones Científicas, Spain, 

• Stratosphere-Troposphere Process and their Role in Climate Project of the 

World Climate Research Program (SPARC/WCRP). 

A joint meeting of the 
DynVarMIP and  
SPARC DynVar Activity, 
focused on the role of 
dynamics in predictability 
and change in our 
atmosphere. 
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S-RIP: SPARC REANALYSIS 
INTERCOMPARISON PROJECT
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• Communication platform between researchers and the 
reanalysis centers. 

• Better understanding of differences among reanalyses and 
their underlying causes.

• Guidance by documenting the intercomparison in peer 
reviewed papers and SPARC S-RIP report (2019).  

S-RIP evaluates biases in atmospheric 
parameters such as temperature, wind 
and ozone.

Example: Tropical tropopause 
temperatures in comparison to 
observational (GNSS-RO) data for 20�S-
20�N, 2002-2006 show a cold bias.   

Figures courtesy S. Tegtmeier
See: inter-journal special issue on "The SPARC Reanalysis Intercomparison 
Project (S-RIP)" in ACP and ESSD



Limited prediction skill outside of the tropics

SUB-SEASONAL TO SEASONAL PREDICTION:
CAN THE STRATOSPHERE HELP?

high
prediction skill

poor
prediction skill

El Niño years, 9 in LaNiña years, and 4 in neutral years);
see the events listed in Table 1.

3. Results

a. Assessment of the model prediction skill

As a first step, the model’s global predictive skill is
assessed in terms of the anomaly correlation coefficient
(ACC) (Fig. 1a) for geopotential height at 500 hPa,
based on a comparison to ERA-Interim reanalysis data
for the entire globe for the winter mean (DJFM)—that

is, for forecast lead times of 1–4 months. The ACC is
defined as

ACC5
( f 2 cf )(a2 ca)ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
( f 2 cf )

2 (a2 ca)
2

q , (1)

where f is the model forecast, a is the reanalysis, and
cf and ca are the climatologies of the respective data
(following the definitions given by the ECMWF). No
bias correction has been applied to the model data.
Values of the ACC close to 1 denote areas of high

FIG. 1. (a) Anomaly correlation coefficient for 500-hPa geopotential height for DJFM
comparing the model prediction to ERA-Interim and (b) persistence skill computed from the
anomaly correlation between November and JFM 500-hPa geopotential height in ERA-
Interim for all winters.

1 JANUARY 2015 DOME I S EN ET AL . 259

Use the longer 
term 
predictability 
from 
stratosphere 
to improve 
prediction skill

Figure from:
Domeisen et al., 
2015, J.Climate.

Prediction skill for
December – February

Initialization: 
November 

Model: Max-Planck-
Institute Earth System 
Model (MPI-ESM-LR) 
/ German Climate 
Forecast System 
version 1
Baehr et al., 2015, 
Clim. Dyn.

ACC
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USING THE S2S HINDCAST DATABASE
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* used in this analysis

*

*

*

*

*

*

*

*

Using all available stratospheric data (Vitart et al., 2016)

Figure: H. Kim



COMPARING S2S PREDICTABILITY IN THE 
TROPOSPHERE AND THE STRATOSPHERE

Figure: J. Knight
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time from initialization (days) time from initialization (days) time from initialization (days)

time from initialization (days)

Anomaly correlation coefficient for the winter Northern Hemisphere atmosphere at 60N / 10hPa
Stratosphere: zonal mean. Troposphere: N. Atlantic / Europe

In general, the stratosphere is more predictable than the troposphere
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COMPARING S2S PREDICTABILITY IN THE 
TROPOSPHERE AND THE STRATOSPHERE

High skill in the troposphere correlates with high skill in the stratosphere
11models: Scatter

ACC

MSSS

Figure: H. Kim
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prediction limit = the lead time when the ACC drops below 0.6
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THE SUDDEN STRATOSPHERIC WARMING 
EVENT ON FEBRUARY 12, 2018

08/Feb/2018 10/Feb/2018 12/Feb/2018

14/Feb/2018 16/Feb/2018 18/Feb/2018

Figures: A. Wollert
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PREDICTABILITY OF EXTREME 
STRATOSPHERIC EVENTS (NH)

Figure: M. Taguchi
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For each lead time group, MSSW, and system, 
I use the zonal mean zonal wind at 60N, 10hPa on the MSSW onset date for all ensemble members; 
I calculate the mean and standard deviation across the ensemble members;
I assume a normal distribution of the mean and sd to fit the data; 
I obtain a probability for negative values, i.e., from –inf to zero.

For each lead time group and system, 
I calculate the mean and sd of the probability across the MSSWs, and draw the colored lines (mn�0.5sd).

For each lead time group, 
I calculate the mean and sd of the mean probability across the systems, 
and draw the black horizontal lines and gray shades (mn�0.5sd).

midwinter sudden 
stratospheric warming 
events

SSW events are often not predictable on S2S timescales



PREDICTABILITY OF EXTREME 
STRATOSPHERIC EVENTS (NH)
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Overall, stratospheric events are difficult to predict on S2S timescales



SURFACE IMPACT AFTER STRATOSPHERIC 
EVENTS

Figure: I. Simpson

weak vortex events (SSW): 
negative NAO

strong vortex events: 
positive NAO

ERA-interim multi-model mean 2m temperature anomaly (week 3 + 4) after:
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SSW and strong vortex events have opposite surface impacts



SURFACE PREDICTABILITY AFTER 
STRATOSPHERIC EVENTS IS INCREASED

Predictability (ACC) at 1000hPa 
(polar cap average) after:

strong vortex events 

Figure 16: Anomaly correlation skill (which variable?) after stratospheric events with (a) weak, (b) strong

and (c) neutral vortex cases for 3 (left) and 4 (right) weeks after the event in the lower stratosphere (100 hPa)

and at the surface (1000 hPa) for the indicated range of S2S models. (method for error bars?) (Andrew

Charlton-Perez)

The forecasts are grouped according to the vortex state at the time of initialization: The Weak vortex

state is defined as the zonal mean zonal wind at 60N and 10hPa smaller than 5ms?1, for Neutral vortex,

the wind is greater than 10ms?1 and smaller than 35ms?1, and for a strong vortex, the wind is greater

than 40m/s.

For comparison with the SSW section, the forecast skill di↵erences between SSW dates and Control

dates are calculated, where SSW dates = the first forecasts initialized after the SSW dates used by

Masakazu. Control dates = the forecasts from the same date of the year identified as an SSW date, but

for all other available years i.e., this is similar to the method used by Sigmond et al, but instead of only

using the year before and after for control dates, all other years are used. The number of dates going

19
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neutral vortex
(minimal stratospheric influence)

week 3 week 4

weak vortex events (SSW) 

Figure: A. Charlton-Perez

Stratospheric events increase surface predictability on S2S timescales
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SURFACE PREDICTABILITY AFTER 
STRATOSPHERIC EVENTS IS INCREASED
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• A well represented stratosphere improves surface 
forecasts for teleconnections from e.g. ENSO
[Domeisen et al., 2015; Butler et al., 2016]

•Nudging stratospheric state towards observations can 
substantially increase skill in extratropical troposphere 
[Charlton et al. 2004; Scaife and Knight 2008; Douville 2009; Hansen et al. 2017; Jia et al. 2017]

• Splitting hindcasts into groups initialized during 
strong, weak, and neutral vortex conditions show 
enhanced S2S surface climate prediction for 
stratospheric extremes.
[e.g., Mukougawa et al. 2009; Sigmond et al. 2013, Tripathi et al. 2015] 



STRATOSPHERIC INFLUENCE ON OUR 
WEATHER
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Sudden stratospheric warming events lead to a wavy jet stream with cold weather in northern and central Europe.

Negative NAO tendency after a sudden stratospheric warming event

Positive NAO:
early Dec 2017 – mid-February 2018

Negative NAO: After SSW event:
Late February 2018 – end of March 2018

Intro – Part I – Part II – Part III



HOW WELL DO WE PREDICT THE NAO
ON SEASONAL TIMESCALES?
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Intro – Part I – Part II – Part III

! 49!

 
Figure 4.   Skill of model forecasts of the DJF NAO index (here calculated as the SLP 
difference between the Icelandic low and Azores high pressure centers) versus the 
number of ensemble members.  Here the correlations are calculated by randomly 
selecting ensemble members 100 times, averaging them together if the number of 
ensemble members is greater than 1, and then correlating the ensemble-mean with the 
observed DJF NAO index using ERA-interim reanalysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: Butler et al (2016), QJRMS
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HOW WELL DO WE PREDICT THE NAO
ON SEASONAL TIMESCALES?
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! 49!

 
Figure 4.   Skill of model forecasts of the DJF NAO index (here calculated as the SLP 
difference between the Icelandic low and Azores high pressure centers) versus the 
number of ensemble members.  Here the correlations are calculated by randomly 
selecting ensemble members 100 times, averaging them together if the number of 
ensemble members is greater than 1, and then correlating the ensemble-mean with the 
observed DJF NAO index using ERA-interim reanalysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: Butler et al (2016), QJRMS
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ADD STATISTICAL FORECAST 
TO IMPROVE NAO SKILL
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Intro – Part I – Part II – Part III

Dobrynin et al, 2018, GRL

Statistical predictors: SST, snow cover, sea ice, stratosphere

North 
Atlantic

For more info on these predictors, 
see also: e.g. Cohen & Jones, 
2011, Karpechko, 2015, Duchez et 
al., 2016
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Seasonal forecasts of the NAO can be significantly 
improved by including effects from teleconnections
[Dobrynin et al., 2018, GRL]

Added 
statistical 
forecast

It’s not just the 
stratosphere, but the 
stratosphere is certainly 
part of the picture



FOCUS ON IMPROVEMENTS IN MODEL 
BIASES
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• Stratospheric biases: 
Model top, vertical resolution, small-scale wave 
parameterizations 
[Marshall and Scaife 2010, Maycock et al. 2011, Charlton-Perez et al. 2013, Shaw et al. 2014, Seviour et al. 2016] 

•  Tropospheric biases: 
precursors to stratospheric variability, tropospheric 
response to stratospheric forcing 
[Garfinkel et al. 2012, 2013] 

•  Biases in pathways between troposphere and 
stratosphere: e.g., inability to capture observed QBO influences on 
extratropical surface in many models 
[Scaife et al. 2014, Butler et al. 2016, Garfinkel et al. 2018] 



SUMMARY

stratosphere
Although the 
stratosphere 
itself exhibits 
limited 
predictability on 
S2S timescales, 
it is an 
important factor 
for adding 
predictability to 
the troposphere 
on S2S 
timescales

@Domeisen_D

Stratospheric event
Predictability: days to weeks

Tropospheric impact
Persistence: weeks to months

Domeisen et al., in 
preparation for the JGR/GRL 
special issue on S2S 
prediction

Domeisen | WGNE/PDEF Tokyo | 10 October 2018

Daniela Domeisen
ETH Zurich, Switzerland

daniela.domeisen@env.ethz.ch



Domeisen | WGNE/PDEF Tokyo | 10 October 2018

SPECIAL COLLECTION ON S2S: GRL AND JGR


