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TIGGE: the THORPEX Interactive Grand Global Ensemble

  TIGGE is a key component of THORPEX to accelerate the improvements
in the accuracy of 1-day to 2-week high-impact weather forecasts for
the benefit of humanity. Several objectives are:

　1. enhancing collaboration on ensemble prediction, internationally and
        between operational centres and universities;
 

　2. developing new methods to combine ensembles from different sources
        and to correct for systematic errors; 
 

　3. achieving a deeper understanding of the contribution of observation,
        Initial and model uncertainties to forecast error;
 

　4. exploring the feasibility and the benefit of interactive ensemble systems
        responding dynamically to changing uncertainty;
 

    5. future transition towards an operational system.

From Second THORPEX Inernaltional Science Symposium proceeding(2006)



  

  This presentation introduces the ensemble-based early warnings 

products for extreme weather events displayed on the two website:

       http://tparc.mri-jma.go.jp/TIGGE/tigge_extreme_prob.html
 

       http://tparc.mri-jma.go.jp/TIGGE/tigge_warning.html

   These early-warning products are based on operational ensemble forecasts 

from four of the leading global NWP centres: ECMWF, JMA, UK Met Office 

and NCEP.  The forecast data have been extracted from the TIGGE database 

(see http://tigge.ecmwf.int); these TIGGE data are available after

a 48-hour delay as part of the THORPEX research programme.

These products are only available after a delay of 2-3 days.
 

Introduction



  

Ensemble-based early warning products
   The first type of product highlights the probability of occurrence of extreme 

weather.  Four versions of this product are available, to highlight the risks of

● Heavy precipitation

● Strong wind

● High temperatures

● Low temperatures.

In each case, the extreme weather is identified by comparing the actual 

model forecast values with the model forecast climatology.



  

Ensemble-based early warning products

   The second type of product 
summarises the same four types 
of extreme weather, by plotting 
colours and symbols on a single 
map.  The probabilities are 
calculated both from both each 
individual ensemble and the Multi-
Centre Grand Ensemble – a large 
ensemble including all the 
members from each of the four 
NWP centres.

The following sections of the guide given more details on how these products are calculated, and 
how they should be interpreted:
     1. How the probability of occurrence of extreme events is calculated from TIGGE data
     2. How climatological probability density function s (PDFs) are estimated from TIGGE forecasts
     3. How to use the early warning products
     4. An example of early warning products for an extreme weather event



  

How the probability of occurrence of extreme events is calculated from TIGGE data

  Occurrence probability of an extreme event is measured by
 

      the fraction of ensemble members that predict a higher or lower values than
      the specified “climatological” percentile (e.g. 99th percentile) to ensemble size.
 

The occurrence probability is defined at each grid point. 

PDF in 
forecasts

Surface temperaturePrecipitation

90th, 95th and 99th percentiles are used to indicate when rainfall, wind or temperatures 
exceed the values expected on 10%, 5% or 1% of occasions.  Similarly, 10th, 5th and 1st 
percentiles are used for extreme cold temperatures.



  

10 ensemble
members

T2m

Climatological
99th percentile

Example: 10-member ensemble forecast of surface temperature at London
 

    Here, extreme high temperature is defined as temperature exceeding the climatological 
99th percentile.  

305K 310K 315K

6 members predict a higher value than the climatological 99th percentile (310K): extreme high 
temperature. Then, occurrence probability of extreme high temperature is defined as 60%.

extreme high
temperature

How the probability of occurrence of extreme events is calculated from TIGGE data

  Occurrence probability of an extreme event is measured by
 

      the fraction of ensemble members that predict a higher or lower values than
      the specified “climatological” percentile (e.g. 99th percentile) to ensemble size.
 

The occurrence probability is defined at each grid point. 



  

   A climatological PDF(probability density function) from observed data differs 
from that from forecast data (e.g. 10mm/hr in a model is not equal to 10mm/hr 
in observation). We have to prepare a climatological PDF in “a model world” for 
forecasts. However, a climatological PDF is strongly sensitive to model or the 
model version (e.g. 10mm/hr in a ECMWF model is not equal to 10mm/hr in a 
JMA model). Also, operational models are frequently upgraded!

 The best way to estimate climatological PDFs for each model is to run many forecasts for past cases, using the 
current versions of each model (often referred to as hindcasts or reforecasts).  But reforecast data is not available 
from all the NWP centres. Instead, we have to estimate climatological PDFs from the TIGGE forecast data.

Figure: Climatological 99th percentiles of 
precipitation for GSMaP (left panel) and  
NWP models (four right panels).

How climatological PDFs are estimated from TIGGE



  

 A climatological PDF used here is:
 

    ・calculated for each EPS using TIGGE data (all members) during October
        2006 to January 2011
    ・defined for each calender day in each lead time with the 31-day window.
 

Example: A climatological pdf for 72-hr ECMWF ensemble forecast valid on
                 16th January is made from all the 72-hr ECMWF forecasts (members)
                 valid on 1st  - 31st  January in 2007 to 2011.  

+72hr

Initial date
of forecast

+48hr

+24hr

1       2                        16                        30     31
January

Total number of samples (     ) for ECMWF: 31days x 5yrs x 51mems = 7905 

x 5 years

2007 31-day window ensemble forecast No bias 
correction.

How climatological PDFs are estimated from TIGGE



  

URL: http://tparc.mri-jma.go.jp/TIGGE/tigge_extreme_prob.html

How to use the early warning products (precipitation)

  This is occurrence probabilities
of extreme precipitation estimated by 
ensemble forecasts. Here, the 95th 
percentile of each model's 
climatological PDF is used as a 
threshold for a detection of extreme 
weather events.
 

  Four right panels show predicted 
occurrence probabilities by ECMWF, 
JMA, NCEP, and UKMO (shading) and 
observed extreme precipitation (“+”, 
also shown as green shading in the 
lower left panel). The upper left panel 
shows predicted an occurrence 
probability by Multi-Centre Grand 
Ensemble(MCGE) consisting of ECMWF, 
JMA, NCEP, and UKMO, based on each 
model's climatological PDF.

All these products are available for the 90th and 99th percentile, as well as the 95th percentile. The products 
are available for past forecast cases, during the period covered by TIGGE (from October 2006).



  

How to use the early warning products (continued)

  As well as highlighting the risks of 
extreme rainfall, products are also 
available for
  

     ・Strong wind (as illustrated),
     ・Surface temperature
         (both extreme cold and hot),
 

all in a similar format to the 
precipitation product, but with 
observed extremes.
 

The observation (analysis) for each 
NWP centre is defined as the control 
run at the initial time of the forecast.
Observed extremes are detected based 
on the 95th percentile of each analysis's 
climatological PDF.

URL: http://tparc.mri-jma.go.jp/TIGGE/tigge_extreme_prob.html

All these products are available for the 90th and 99th percentile, as well as the 95th percentile. The products 
are available for past forecast cases, during the period covered by TIGGE (from October 2006).



  

Early warnings by Multi-Centre 
Grand Ensemble (MCGE):
    ECMWF(51), JMA(51),
    NCEP(21), UKMO(24)

Early warnings by each NWP 
centre are also available.

This product is only provided 
for recent forecasts, in quasi-
real time, and not for past 
forecasts.

There are two extreme levels for surface warm and cold temperature, precipitation, and
surface wind (e.g. "warm" and "extreme warm"). If over 50% of members in MCGE
exceed the each model's 90th (95th) percentile, the "warm" ("extreme warm") alert is given.

URL:  http://tparc.mri-jma.go.jp/TIGGE/tigge_warning.html

How to use the early warning products (extreme weather summary)



  

Heavy rainfall from tropical cyclone Yasi (February 2011)
3rd  February, 2011

Cairns

Yasi struck Cairns with a wind speed of 79m/s Innisfail, Queensland, Australia

Tully, Queensland, Australia



  

Heavy rainfall from tropical cyclone Yasi (February 2011)

+ 5-day forecast



  

East London, South Africa

00UTC 08 June, 2011

Flash floods/snow in South Africa (June 2011)



  

+ 7-day forecast

Flash floods/snow in South Africa (June 2011)



  

Russian heatwave (JJA of 2010) 4th August

Moscow

Wildfires brought 
heavy smog

1,600 drowning 
deaths!

Moscow

China!? Not flu!New maximum 
record of 39 !℃

The heatwave killed at 
least 15,000 people, and 
brought wildfires, smog-
induced health injury, and 
huge economic loss.



  

+ 6-day forecast

Russian heatwave (JJA of 2010) 



  

ECMWF Newsletter (No. 125, 2010)

Pakistan floods (July 2010)



  

Pakistan floods (July 2010)

+ 6-day forecast



  

Hurricane Irene (August 2011)

Kill Devil Hills, North Carolina, USA
(25 August, 2011)

Central Grand Station, NY, USA
(27 August, 2011)Irene (27 August, 2011)

From NASA's web

Landed!
(12Z 27 Aug.)

12Z 28 Aug.



  

+ 6-day forecast

Hurricane Irene (August 2011)



  

Hurricane Sandy (October 2012)

Queens, New York City, USA
(30 October, 2012)

Hurricane Sandy (28 October, 2012)

Staten Island, New York City, USA
(1 November, 2012)

New England, USA
(30 October, 2012)

Early warning (28 October, 2012)



  

+ 6-day forecast

Cyclone Sandy (October 2012)



  

Reliability diagram for probabilistic forecasts (DJF) 

over-confident over-confident

over-confident over-confident

more reliable



  

Reliability diagram for probabilistic forecasts (JJA) 

over-confident over-confident

over-confident over-confident

more reliable



  

Conclusions

   We have introduced the ensemble-based early-warning products 
for extreme weather events using the TIGGE data. 
 

  1.  The early-warning products can detect the occurrence of high-
     impact weather events 5-7days in advance,  although further
     verifications of forecast skills are needed.
 

  2. Multi-Centre Grand Ensemble (MCGE) can give us more reliable 
     information than single-centre ensembles.

  3. Although the early-warning products are currently provided
     in a 2-day delay mode, the early-warning products are used in
    some projects (e.g. Severe Weather Forecasting Demonstration
    Project, Polar Prediction Project, and La Plata Basin Project) .
 

   The other products using TIGGE data (e.g. daily forecast, MJO and blocking
   forecasts, verifications of forecast skills) are also available at
 

                   http://tparc.mri-jma.go.jp/TIGGE/index.html.   (Google:  “tigge mio”)
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