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Introduction to THORPEX
• The Observing System Research and Predictability Experiment 

(THORPEX) 

• THORPEX – a World Weather Research Programme

• Accelerating improvements in the accuracy of one-day to two-
week high-impact weather forecasts for the benefit of society, 
the economy and the environment

• Ten-year programme established in 2003 by WMO Congress
• Predictability and dynamical processes
• Global observing system design
• Data assimilation and observing strategies
• Societal and economic applications

• Series of coordinated observational campaigns to improve 
understanding of atmospheric predictability and to test 
innovative real-time observing strategies 

• Adaptive, flow-dependent observation data targeting   
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THORPEX field campaigns
• With observation targeting

• A-TReC (2003)
• AMMA-THORPEX (2006)
• Greenland Flow Distortion Experiment (GFDex) (2007)
• COPS/E-TReC (2007)
• PREVIEW (2008)
• Norway IPY-THORPEX (March 2008)
• T-PARC (2008) 
• Winter TPARC (2008-9)
• MEDEX (autumn 2008, 2009)
• Concordiasi (2010)
• HyMEX (2012)

• Other THORPEX field campaigns
• T-NAWDEX-FALCON (2012)
• Storm Studies in the Arctic (STAR)
• THORPEX Arctic Weather Prediction Initiative (TAWEPI)
• DIAbatic influences on Mesoscale structures in ExTratropical storms (DIAMET)
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Data targeting, adaptive observations
“Is targeting a viable future component of the GOS, and 
if so, what weather events, regimes and forecast lead 
times should be targeted and what are the optimal 
targeting strategies?” (THORPEX International 
Research Implementation Plan)

Observation targeting process:
1. Case identification: which forecast/region has potential 

high impact or large uncertainty associated?
2. Sensitive area prediction: where might a more accurate 

definition of the initial state of the atmosphere benefit the 
quality of the forecast over the region in question?

3. Observation selection: which additional observations 
should be deployed?

4. Observation deployment: make the required 
observations and distribute in real time via GTS
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Atlantic THORPEX Regional Campaign (A-TReC)
• First THORPEX field campaign (Oct-Dec 2003)

• Aim: to test feasibility of quasi-operational targeting of observations 
using a variety of platforms
• 66 operational radiosonde stations in Europe and Canada (06/18)
• European ASAP fleet (13 ships)
• European AMDAR fleet (550 aircraft)
• Rapid scan winds from GOES, METEOSAT
• Dropsondes from research aircraft (NOAA G-IV, UND Citation, DLR Falcon)

• Virtual operations centre at Met Office, Exeter
• Twice daily teleconferences
• Sensitive Area Predictions (SAPs) on ECMWF web site from ECMWF, Met 

Office
• Additional forecast charts, SAPs (NCEP, NRL) and discussion via ftp server
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Atlantic THORPEX Regional Campaign (A-TReC)
• 21 cases with extra obs (23,000 AMDAR, 65 ASAP, 214 radiosondes, 277 dropsondes) real-time on GTS

• Impact on forecasts: overall small but positive benefit
• Twice as many cases improved as deteriorated
• Large verification area for more significant impact
• impact of targeted observations varied significantly with the numerical model system

• Limitations:
• Differences between SAP methods
• Often no targetable obs in target area
• Often uncertainty much reduced between case selection and observation deployment (2-3 days later)
• Very time consuming - significant automation needed to make real-time adaptive control feasible
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DLR Falcon flight tracks during A-TReC, Weissmann & Cardinali, 2007

Test of airborne Doppler lidar (DLR Falcon)
• Lidar wind profiles and collocated dropsondes
• Demonstrated quality of lidar wind profiles
• Potential benefit of improved wind observations over 

Atlantic



ECMWF Data Targeting System (DTS)
• Interactive web-based system to provide data 

targeting information and request additional 
observations to improve short-range (1-3 days) 
forecasts of potentially high-impact or high 
uncertainty weather events in Europe

• DTS developed by ECMWF in partnership with Met 
Office and EUCOS

• Funded by EU project EURORISK-PREVIEW and 
EUCOS

• Long-term trial to test operational feasibility
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ECMWF Data Targeting System (DTS)
• Requests to compute sensitive areas are 

automatically submitted for all accepted cases (lead-
user responsibility).
• Total Energy Singular Vectors (ECMWF)
• Ensemble Transform Kalman Filter (Met Office, 

MeteoFrance)

• Available targetable platforms are indicated

• Observation requests can be initiated 
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ECMWF Data Targeting System (DTS)
• 11-month trial (4 February - 19 December 2008)

• 184 sets of observation requests
• 1402 radiosonde requests, 87% deployed
• 226 E-ASAP (ship sondes), 54% deployed
• 224 E-AMDAR (aircraft)

• Successful demonstration of real-time adaptive control of 
operation observing systems

• Efficient - feasible for operational use (case selection, 
control of SAP computations, observation requests) 

• Remote operation, multi-partner requests

• Monitoring of deployments (auditing, QC)

• DTS database of cases for future study

• SAP grib files archived in MARS

• Prediction of ship position would be helpful
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Cases Proposed by DTS Users
(4 Feb - 19 Dec 2008)
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THORPEX field campaigns
• With observation targeting

• A-TReC (2003)
• AMMA-THORPEX (2006)
• Greenland Flow Distortion Experiment (GFDex) (2007)
• COPS/E-TReC (2007)
• PREVIEW (2008)
• Norway IPY-THORPEX (March 2008)
• T-PARC (2008) 
• Winter TPARC (2008-9)
• MEDEX (autumn 2008, 2009)
• Concordiasi (2010)
• HyMEX (2012)

• Other THORPEX field campaigns
• T-NAWDEX-FALCON (2012)
• Storm Studies in the Arctic (STAR)
• THORPEX Arctic Weather Prediction Initiative (TAWEPI)
• DIAbatic influences on Mesoscale structures in ExTratropical storms (DIAMET)
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THORPEX Pacific Asian Regional Campaign (T-PARC)
• Dynamics and forecast skill of high-impact weather events 

in eastern Asia and western North Pacific

• Downstream impact in eastern North Pacific & N  America

• Observing strategies
• Tropical: western North Pacific monsoon environment related to 

TC formation, intensification, structure change
• Targeted: Identification of regions in which extra observations 

may reduce error growth in TC track forecasts
• Extratropical transition and downstream impacts

• 2-3 aircraft in one mission to investigate TC structure

• Lidar (DLR Falcon) – benefit of wind profiles

• Targeted observations: improve tracks, most useful near 
TCs, less in remote sensitive areas or in core or eyewall
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All aircraft tracks during T-PARC

DLR Falcon

USAF C-130

DOTSTAR

NRL P3



T-PARC
• Sensitive areas from up 

to 6 different centres 
displayed in common 
format

• Icons toggle between
calculations from
different centres and 
overlays
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Winter T-PARC
• Downstream forecast sensitivity to observations 

across the North Pacific and in the environment 
of the strong winter jet stream and midlatitude 
cyclones.

•  NOAA G-IV (Japan), USAF WC-130 (WSR)

• Tropical convection > extratropical storms in 
western N Pacific > impact over N America

• Role of Rossby-wave propagation in the 
development of weather events over N America 
and the Arctic over 3-6 days

• Impacts on forecast accuracy of improved 
observations of the vertical structure of 
developing cyclones over the North Pacific

• Impacts on forecast accuracy of improved 
observations of diabatic processes in winter 
cyclones over the North Pacific
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Concordiasi
Stratospheric balloons

• Temperature, ozone, and particle size along near-
Lagrangian paths

• 13 driftsonde gondolas produced 644 high-quality 
soundings
• Calibration of IASI
• Validation against radiosondes
• targeted in regions of gravity wave activity and in areas that 

exhibit sensitivity of numerical weather prediction to initial 
conditions.
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Cohn et al, 2013

Driftsondes developed, tested and evolved through several 
THORPEX campaigns
• AMMA-THORPEX (2006)
• T-PARC (2008)
• Concordiasi (2010)



High-impact weather in the Mediterranean
• MedEx (2008, 2009)

• improving understanding and forecasting of cyclones that 
produce high impact weather in the Mediterranean
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Climatology of intense cyclones 
(Jansa et al, 2014)

Forecast sensitive areas (Jansa et al, 2011)

• HyMeX (2010-2020)
• Mediterranean water cycle, high-impact weather events and 

societal impacts



T-NAWDEX
• North Atlantic Waveguide and Downstream Impact 

Experiment
• Importance of diabatic processes for the 

predictability in the extratropics
• Change of focus from observing sensitive areas to 

investigating uncertain processes
• T-NAWDEX-Falcon (2012): 9 research flights over 

Europe to measure in-cloud properties in warm 
conveyor belts (WCBs); quasi-Lagrangian flight 
scenarios to measure the same air mass along 
different stages of the WCB

• Included one flight over the western Mediterranean 
for HyMeX. WCB origination region over the 
Mediterranean while later observing the upper 
portion of the WCB over northern Europe.

• NAWDEX (2016) - remote sensing, in-situ, multiple 
aircraft to sample air masses at different stages of 
the WCB ascent and advection along the 
tropopause.
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Schaefler et al, 2018

Schaefler et 
al, 2014



THORPEX - observation targeting
• Data Targeting System: efficient real-time adaptive control and 

monitoring of observation deployments
• Radiosondes, ships, commercial aircraft, satellite, driftsondes, 

research aircraft
• Logistical challenges 
• Limited targetable/adaptive observing platforms in sensitive areas

• Identification of dynamically sensitive regions: tropical cyclones, 
mid-latitude waveguides, polar disturbances, and tropical–
extratropical interactions 
• Dependence on sensitive area computation methodology

• Forecast benefits?
• in some cases; limitations due to sampling constraints 
• data assimilation methodology
• model error
• evaluation methodology (OSE, FSOI)
• focus on deterministic forecast error (cf reduction in ensemble 

uncertainty)

• Societal impacts and cost-effectiveness?
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Majumdar, 2016, BAMS



Key Lessons from THORPEX Observation Campaigns
• Improved understanding of physical processes, error growth and predictability

• global-to-regional processes leading to high-impact weather events
• polar, midlatitude, and tropical regions

• Development and evaluation of new observing strategies, capabilities, and types

• Guidance for observing-system design 

• Can address multiple aspects in same campaign

• Multi-platform strategies are beneficial

• Observations can be useful beyond the field campaign
• Make them widely available, ideally in (near) real time (via WIS)

• Evaluation is important 
• Consistency/coordination of evaluation approaches; socio-economic impact

• Framework for collaboration – operational centres, academia, observing platform developers

• Thematic programs and working groups – coordination of field campaign planning, execution, evaluation
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THORPEX legacy
• Continuing framework for cooperation and collaboration

• Follow-on projects HIWeather, Subseasonal to seasonal (S2S), Polar Prediction Project (PPP)

• Earth-system approach

• TIGGE – THORPEX Interactive Grand Global Ensemble
• Archive of real-time operational ensemble forecasts from global centres

• THORPEX vision – a Global Interactive Forecasting System (GIFS)?
• Adaptive control of observing system
• Interactive control of ensemble forecast generation
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GIFS today?
• Autonomous observing systems 
• Data driven ensembles – fast forecast production
• Direct Observation Prediction – rapid initialization
• ML/AI for sensitive areas?



www.ecmwf.int

Thank you!
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