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Outline of my talk

 Overview of three ensemble datasets

 TIGGE Museum (since 2010)

 TIGGE article survey

 S2S Museum (since 2016?)

 C3S Museum (since 2021)

 Summary

Routine work at the Museums:
   1. retrieve ensemble forecast data (GRIB2 format) from data portals
   2. compute additional variables (e.g., stream function), indices, statistics or scores
   3. generate graphical forecast products with analysis (if available) and verification products

TIGGE: The Interactive Grand Global Ensemble

S2S: subseasonal to  seasonal

C3S: Copernicus Climate Change Service 



White et al. 2017(BAMS)

TIGGE

S2S

C3S

Ensemble datasets ensemble 
dataset

forecast 
length

number of 
models

data
availability
(forecast)

reforecast
(hindcast)* data portal

TIGGE up to 2 wks
13

(mostly atm-
only models)

since Oct. 
2006

(2-day delay)
No ECMWF, 

CMA

S2S up to 2 mns
13

(mostly coupled 
models)

since Jan. 
2015

(21-day delay)

Yes
(1995-)

ECMWF, 
CMA & IRI

C3S up to 6 mns
9

(coupled
models)

since Jan. 
2017

(10-day delay)

Yes
(1993-2016) Copernicus

* model error is too large to be 
ignored at longer-range timescales



・TIGGE project summary: Swinbank et al. (2016)   * citations: 245 (google scholar)

・NH Blocking: Matsueda (2009)

・Madden-Julian Oscillation (MJO): Matsueda & Endo (2011)

・Arctic cyclone: Yamagami et al., (2018a,b, 2019)

・weather regimes: Matsueda & Kyouda (2016), Matsueda & Palmer (2018)

・early warning product for severe weather events: Matsueda & Nakazawa (2015), available in TIGGE Museum 

・Russian heatwave in 2010: Matsueda (2011)       * citations: 300 (google scholar)

・Japanese heavy rainfall in 2018: Matsunobu & Matsueda (2019)

・summertime sea ice forecast: Nakanowatari et al. (2018, 2022)

・forecast verification in the Polar region: Jung & Matsueda (2016)

・forecast bust in the Polar region: Yamagami & Matsueda (2021) 

・forecast bust of surface solar radiation: Uno et al. (2018) 

・verification of grand ensemble: Matsueda & Tanaka (2008)

・teleconnection: Yamagami & Matsueda (2020)

・initial state-dependent predictability: Inatsu et al. (2023)

・cherry blossom: Yamaki et al. (2024)

・The TIGGE/S2S/C3S Museums (websites)

My predictability research using TIGGE, S2S and C3S ensemble data

TIGGE S2S C3S

QR codes to Museums



Ongoing research project | 2006 - 2028

TIGGE was established as a key component of the WWRP THORPEX program 
(2005-2014) to accelerate the improvements in the accuracy of 1-day to 2-
week high-impact weather forecasts for the benefit of society, the economy, 
and the environment. The name TIGGE originally stood for “THORPEX 
Interactive Grand Global Ensemble”. 

Although the 10-year THORPEX program ended at the end of 2014, TIGGE has 
continued and the next 5-year phase of the archive (2024–2028) is currently 
underway. The name TIGGE was officially changed to “The International Grand 
Global Ensemble”, but it is recommended to simply refer to “TIGGE”.  As of 
September 2024, TIGGE provides medium-range ensemble forecasts from 13 
NWP centres: BoM, CMA, ECCC, CPTEC, DWD, ECMWF, IMD, JMA, KMA, Météo 
France, NCEP, NCMRWF, and UKMO.



Before TIGGE started…     A pilot project between JMA and Univ. of  Tsukuba

Daily RMSE
for August 2005
- February 2006

Result from MIGGE using JMA, NCEP & CMC ensembles
                                       Mio Interactive Grand Global Ensemble
               NH Z500 120hr forecast skill (Aug. 2005 – Feb. 2006)



TIGGE Models
https://confluence.ecmwf.int/display/TIGGE/Models

Model’s outputs are archived on their original grid or the coarser regular lat-lon grid.13 models



The TIGGE Museum – website of medium-range forecast products –
Google “TIGGE Museum”
or use QR code below

http://gpvjma.ccs.hpcc.jp/TIGGE/

 opened in 2010

 products are updated everyday with a 3-day delay

 10 models (DWD, IMD, and NCMRWF to be added)

 16 forecast products from Oct. 2006 to the present (7.8TB):

Z500 spaghetti & stamp maps

tropical cyclone (only East Asia)

winter weather regimes

MJO (Madden-Julian Oscillation)

atmospheric blocking

teleconnection indices: EA, PNA, WP & EU

probabilistic forecast of severe weather events: high/low

    temperature, heavy rainfall, strong winds

 forecast verifications & model biases: daily and seasonal

     scores, MJO & blocking)



The TIGGE Museum – website of medium-range forecast products –
Google “TIGGE Museum”
or use QR code below

http://gpvjma.ccs.hpcc.jp/TIGGE/

The Museum originally started on a small hard drive 
and was later opened to the public to encourage the 
use of TIGGE data. In the early stages, when I 
searched ‘TIGGE Museum’ on Google, it suggested 
“Did you mean: FIGGE art Museum?” I have been 
spending much time operating the Museum...

Old TIGGE Museum (2007?-2010)



forecasts after 2008 
are available

coloured line: forecast
black line: JMA’s best track

track data is available 
at the NCAR website 
(TC cxml data)

The TIGGE Museum  – tropical cyclone track forecasts (only East Asia) –



all forecasts in extended 
winters of 2006-2024 
are available

product only for 
CMC, ECMWF, JMA, 
NCEP & UKMO

The TIGGE Museum  – winter weather regime forecast –

Europe, North Pacific, 
& East Asia regions

Please also see Matsueda & Palmer (2018) 
for verifications for regime forecasts



all forecasts after Oct. 2006 
are available

The TIGGE Museum – MJO index forecast –

Verification of MJO forecast 
is also available for 2006-
2013 on the TIGGE Museum

The best-performing centre 
varies with the phase of the 
MJO (Matsueda & Endo, 
2010).

Matsueda and Endo (2011, GRL)



all forecasts (up to 15 days) 
after Oct. 2006 are available

The TIGGE Museum  – probabilistic forecast of severe weather events –

Forecast probability is based on 
each model’s climatological 
percentiles: 1st, 5th, 10th, 90th, 
95th, and 99th.
e.g. 95%-ile means that an event expected 
to occur once every 20 years  

Highlight the risks of heavy rain, 
strong winds, & high/low 
temperature in 12 areas

Fig. Occurrence probabilities (shading) of extreme high temperature for the 2022 European 
heatwave (40.3degC@Coningsby), by the (top left) multi-centre grand ensemble, (top centre) 
ECMWF, (top right) JMA, (bottom centre) NCEP, (bottom right) UKMO, initialized at 1200UTC 
12 July 2022, valid at 1200UTC 19 July 2022, and (bottom left) observed extremes.

Grand Ens.

Matsueda & Nakazawa (2015, Met. Appl.) 

The best-performing ensemble is 
case-dependent, especially for 
predicting severe weather events. 



The grand ensemble can 
provide more reliable forecasts 
than single-centre ensembles.
Similar results were obtained 
for extreme low temperature, 
rainfall, and strong winds.

The TIGGE Museum  – probabilistic forecast of severe weather events –
Matsueda & Nakazawa (2015, Met. Appl.) 



forecasts after DJF 2006/07

The TIGGE Museum  – seasonal mean skills –

ACC, RMSE, RPSS and 
RMSE-spread relation for 
each season

verified against own analysis 
and ERA5

8 variables (Z500, PMSL, 
T850, T2m, UV200, and 
UV850)

7 major regions

ECMWF shows the best, followed by UKMO, CMC, NCEP, & JMA.



all forecasts (up to 15 days) 
after Oct. 2006 are available

The TIGGE Museum  – daily forecast skills for individual ensemble members –

ACC and RMSE only for Z500 by 
individual ensemble members
 

verified against own analysis 
and ERA5

12 major areas forecast bust
16-18 Sep.

2 horizontal axes: initial & valid time



all forecasts (up to 15 days) 
after Oct. 2006 are available

The TIGGE Museum – verification score for each forecast initial time –

ACC and RMSE only for Z500 
by individual ensemble 
members
 

verified against own analysis 
and ERA5

12 major areas



all forecasts (up to 15 days) 
for each season since winter 
2006/07 are available

The TIGGE Museum  – seasonal mean bias –

Seasonal mean bias of Z500, 
PMSL, T850, T2m, UV200, and 
UV850, for control forecast 
and ensemble mean forecast

verified against own analysis 
and ERA5



Survey of TIGGE articles (2007-July2024)

 403 TIGGE articles since 2007

 the number of articles in 2023 was the largest

 2024 is expected to surpass 2023 in the number of articles

 No COVID-19 influence since 2022

 Published in 69 journals, frequently in MWR, WF, QJ, & J. 

Hydro (AMS & RMetS Journals less popular recently)

 353 S2S articles published since 2015

 S2S research was active during the COVID-19 pandemic
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(total: 403, 69 journals, 2007-July2024)

my responsibility as a PDEF* WG member
survey done by Munehiko Yamaguchi (MRI) until 2017

Survey of S2S articles
(from S2S project website) 

*PDEF: Predictability, Dynamics and Ensemble Forecasting



 The primary focus is on precipitation, followed by tropical 

cyclone, hydrological approach & mid-lat. phenomena. 

 In recent years, hydrological and ML/DL-related approaches 

and post-processing researches become more active. This is 

why articles are published in a variety of Journals.

 Most frequently used ensemble is ECMWF, with 118 out of 

281 (42%) articles from 2018 to July 2024 using ONLY ECMWF.
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Topics in 281 TIGGE articles (2018-July2024)

Survey of TIGGE articles (2007-July2024)
my responsibility as a PDEF WG member
survey done by Munehiko Yamaguchi (MRI) until 2017

TIGGE Article Survey Result 
available in an Excel file



Ongoing research project | 2013 - 2028
A WWRP/THORPEX-WCRP joint research project

Aims
To improve forecast skill and understanding on the sub-seasonal to seasonal 

timescale with special emphasis on high-impact weather events, including tropical 
cyclones, droughts, floods, heat waves and monsoon precipitation

To promote the initiative's uptake by operational centres and exploitation by the 
application community

To capitalize on the expertise of the weather and research communities to address 
issues of importance to the Global Framework for Climate Services

  Although the 1st (2013-2018) and the 2nd (2019-2023) phases of project finished, 
another 5-year period (2024-2028) of the S2S database regular updates is currently 
underway. As of September 2024, S2S provides S2S ensemble forecasts from 13 
NWP centres: BoM, CMA, CPTEC, ECCC, ECMWF, HMCR, IAP-CAS, ISAC-CNR, JMA, 
KMA, Météo France, NCEP, and UKMO.



S2S Models
https://confluence.ecmwf.int/display/S2S/Models

13 models Model’s outputs are archived on the common 1.5/1.5 regular lat-lon grid.



Google “S2S Museum”
or use QR code belowThe S2S Museum  – website of sub-seasonal forecast products –

http://gpvjma.ccs.hpcc.jp/S2S/

 opened in 2016?

 products are updated with a 3-week delay (to be reduced to a 3-day delay)

 11 models and ERA5 (if available)  (IAP-CAN and CPTEC to be added)

 15 forecast products from Jan. 2015 to the present (832GB):

AO/AAO/NAO index

teleconnection indices: EA, PNA, WA, WP and EU

SLP & Z500 anomalies (stamp maps)

SSW (Sudden Stratospheric Warming)

stream function&velocity potential

wave activity flux at 200 hPa

MJO (Madden-Julian Oscillation)

SST (Sea Surface Temperature)

sea-ice cover

verification of ensemble mean: SLP, Z500, Z50, U200, & T850



all forecasts after 2015

analysis (NCEP control 
run at Day 0) is also 
included  (if available)

The S2S Museum  – verification of ensemble mean forecast –



weekly-mean velocity 
potential/stream 
function at200/850hPa

all forecasts after 2015

week 1 to 8

JRA3Q also included
    (if available)

The S2S Museum  – weekly mean forecast of velocity potential at 200hPa –



weekly-mean sea-ice cover for 
Arctic/Antarctic, with SST

all forecasts after 2015

week 1 to 8

The S2S Museum  – sea-ice cover and SST forecast –



all Thursday forecasts after 
2015 (10 centres)

5 variables:
        SLP
        Z500
        Z50
        U200
        T850

4 forecast ranges:
        week1 (day2-8)
        week2 (day9-15)
        week3&4 (day16-29)
        week1-4

ERA5 also included (if 
available)

ACC & RMSE are shown if 
ERA5 is available

The S2S Museum  – verification of ensemble mean forecast –

ACC and RMSE



Ongoing research project

Mission
  The Copernicus Climate Change Service (C3S) mission is to support adaptation 
and mitigation policies of the European Union by providing consistent and 
authoritative information about climate change. We offer free and open access to 
climate data and tools based on the best available science. We listen to our users 
and endeavour to help them meet their goals in dealing with the impacts of 
climate change.

C3S has been providing a multi-model seasonal forecasting system, replacing the 
EUROSIP project since October 2019. As of September 2024, 9 seasonal forecasts 
from 8 NWP centres are available.



C3S Seasonal Models
https://confluence.ecmwf.int/display/CKB/Description+of+the+C3S+seasonal+multi-system

9 models Model’s outputs are archived on the common 1.0/1.0 regular lat-lon grid.



Google “C3S Museum”
or use QR code below

http://gpvjma.ccs.hpcc.jp/Copernicus/

The C3S Museum  – website of seasonal forecast products –

 opened in June 2021

 products are updated on 10th of each month, with a 9-day delay

 9 models and ERA5 (if available)

 3 forecast products from Jan. 2017 to the present (18GB):

verification of ensemble mean: SLP, Z500 U200, Z30, T2m, T850,

     stream function/velocity potential at 200&850hPa, rainfall and SST

teleconnection indices: EA, PNA, WA, WP and EU

T850 and rainfall for Japanese reginal areas



The C3S Museum  – verification of ensemble mean forecast –

ACC and RMSE

all forecasts after 2017
(9 models)

12 variables:
     SLP         SF200
     Z500       SF850
     U200      VP200
     Z30         VP850
     T2m        rainfall
     T850       SST

forecast ranges:
1 month or 3 months mean

ERA5 also included (if 
available)

ACC & RMSE are shown if 
ERA5 is available



The C3S Museum  – teleconnection indices forecast –

colour: forecast
black: ERA5

all forecasts after 2017
(9 models)

5 indices:
  EA, PNA, WA, WP, & EU

ERA5 also included (if 
available)



The C3S Museum  – T850 forecast for Japanese regional areas –
colour: forecast
black: ERA5

all forecasts after 2017
(9 models)

2 variable:
  T850 & rainfall

6 Japanese regions, 
used by JMA for 
seasonal forecasts



Summary

 The Museums remain a valuable diagnostic tool for weather forecasting and are helpful 
in finding interesting past forecast cases (please remember to focus on these cases).

 On average, ECMWF shows the best performance, resulting in 42% of TIGGE papers 
using ONLY ECMWF forecast. But the best-performing centre varies depending on the 
case, especially in extreme weather events. Other centres should also be focused on.

 Ensemble Museums, ECMWF S2S website, & Copernicus website primarily display 
archived graphical products. An interactive website that generates and displays 
graphical products upon user request could also be useful in encouraging the use of 
ensembles from other centres.

QR codes to Museums

TIGGE S2S C3S

QR codes to TIGGE article survey results (xlsx file)



Graphical forecast products C3S website 





The TIGGE Museum  – probabilistic forecast of severe weather events –
Matsueda & Nakazawa (2015, Met. Appl.) 



The TIGGE Museum  – probabilistic forecast of severe weather events –
Matsueda & Nakazawa (2015, Met. Appl.) 



The TIGGE Museum  – probabilistic forecast of severe weather events –
Matsueda & Nakazawa (2015, Met. Appl.) 
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