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Summary of project objectives  
(10 lines max) 
Wind stress is a key parameter for ocean-atmosphere mechanical exchanges. As such, its realistic 
parameterization in atmospheric models is of special interest. In particular, it may significantly 
influence evolution of storms, both hurricanes and extra-tropical storms (e. g. Emanuel 2003). This 
research work aims at better representing the wind stress in numerical models, leading to an improved 
parameterization of turbulent fluxes, namely momentum flux, sensible and latent heat fluxes. This 
study will be based on experiments using Integrated Forecasting System (IFS) coupled with Wave 
Model (WAM). 
The objective is to define an optimal wind stress parameterization, based on a more physical 
approach, taking into account (1) the wave influence, especially dependence of the drag on the wave 
age, by moderate to strong winds, (2) the spray influence by very high winds.  
 
 
 
Summary of problems encountered (if any) 
(20 lines max) 
The only problem encountered was the migration to Cray Broadwell Nodes, but it has been fixed quite 
quickly thanks to Paul Burton indications and Jean Bidlot help.  
 
 
 
 
Summary of results of the current year (from July of previous year to June of current 
year) 
This section should comprise 1 to 8 pages and can be replaced by a short summary plus an existing 
scientific report on the project 
 
1. Introduction 
 
We propose to evaluate the impact of different wind stress parameterizations on atmospheric forecasts. 
Work is based on Integrated Forecasting System (CY41r1) at a resolution T1279 coupled to the 0.25° 
resolution WAM using 24 directions and 30 frequencies. Different wave-dependant drag formulations 
are tested. We focus on mid-latitude storms, with a particular interest on North Atlantic winter the last 
10 years. Forecasts to a range of 5 days are performed. 
 
Works in the framework of precedent Special Project “Wind stress in coupled wave-atmosphere models: 
storms and swell” allowed to test on 10 events, five parameterizations: 

 uncoupling WAM/IFS, 
 coupling WAM/IFS with ECMWF default parameterization (Janssen 1991), 
 coupling WAM/IFS with MFWAM parameterization (Ardhuin et al. 2010), 
 coupling WAM/IFS with wave age dependant parameterization (Oost et al. 2002), 
 coupling WAM/IFS with empirically-derived Charnock parameterization. 

 
Results showed that drag values are probably overestimated for high winds, reaching 0.0045, whereas 
observed drag coefficient for high wind speeds in tropical cyclones are lower than 0.003 (Powell et al.; 
2003). This could be due to an excess of energy level in the high wavenumber tail of the wave spectrum 
(Bidlot et al.; 2015). Empirically-derived Charnock parameterization allows clearly confining drag to 
lower values, leading to higher winds. 
 
2. Comparisons with satellites 
 
Modelled winds have been compared to observations from satellites: radiometer AMSR2 (Figure 1), 
radiometer WindSat and scatterometer ASCAT. Simulations have been led during Kaat and Lilli storms, 
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from 23rd to 27th January 2014 (one of the 10 events, selected in precedent Special Project). Forecasts 
have been made from analyses every 24h. 
 
Correlations between models (ECMWF default parameterization) and satellites are presented Figure 2. 
Results show good quite correlation with ASCAT, whereas high modelled winds seem strongly 
underestimated by radiometers AMSR2 and WindSat. Biases for each satellite and each 
parameterization are presented Figure 3; empirically-derived Charnock parameterization allows clearly 
reducing bias, compared with other parameterizations (except uncoupling).  
 

 
 

Figure 1: Wind data from AMSR2 the 26th January 2014 
 
 

(a) ASCAT 

 

(b) AMSR2 

 

(c) WindSat 

 
Figure 2: Wind correlation from 23rd to 27th of January 2014 between ECMWF default parameterization and (a) 
ASCAT, (b) AMSR2 and (c) WindSat  
 

(a) ASCAT 

 

(b) AMSR2 (c) WindSat 

 
Figure 3: Wind biases, computed from 23rd to 27th of January 2014, between (a) ASCAT, (b) AMSR2, (c) 
WindSat and model (five parameterizations)  
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3. Comparisons with buoys and platforms 
Modelled winds have also been compared to in situ observations: 76 buoys and 12 platforms (Figure 4), 
during Kaat and Lilli storms, from 23rd to 27th January 2014. Forecasts have been made from analyses 
every 24h. 
 
Correlations between models (ECMWF default parameterization) and buoys and platforms are presented 
Figure 5. Results show good quite correlation with platforms (R=0.93), whereas data are more scattered 
with buoys. Biases are presented Figure 6; as for satellites, empirically-derived Charnock 
parameterization allows clearly reducing bias, compared with other parameterizations (except 
uncoupling).  
 

 
Figure 4: Map of available buoys and platforms 

 
 

 
Figure 5: Wind correlation from 23rd to 27th of January 2014 between ECMWF default parameterization and 
buoys (green) and platforms (blue) 
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Figure 6: Wind biases, computed from 23rd to 27th of January 2014, between (a) buoys  (b) platforms and model 
(five parameterizations)  
 
 
 
 
4. Bias synthesis with buoys, platforms and satellites 
 
Synthesis of bias between model with ECMWF default parameterization and observations (buoys, 
platforms and satellites AMSR2, ASCAT, WindSat) is presented Figure 7. Biases show that modelled 
low winds (<5 m/s) seem slightly overestimated compared with observations, medium winds (5 - 20 
m/s) are quite coherent with observations, whereas modelled high winds (>20 m/s) seem to be 
underestimated compared with observations, with biases reaching more than 10 m/s for wind higher 
than 35 m/s. Further investigations have to be conducted, to analyse how these observations are 
independent – or not (for example, buoys are used to calibrate satellites). Errors associated with 
observations should also be taken into account. It is also important to precise that these results are 
associated to a single event, and study should be extended to other events. 
 

 
Figure 7: Wind biases, computed from 23rd to 27th of January 2014, between model (ECMWF default 

parameterization) and observations (buoys, platforms, AMSR2, ASCAT and WindSat) 
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List of publications/reports from the project with complete references 

No publication/report has yet been completed, but a paper is in preparation.  
 
 
Summary of plans for the continuation of the project  
(10 lines max) 
We will go on further in comparisons between model and observations, particularly extending 
comparisons with SMOS (Soil Moisture Ocean Salinity) satellite data. 
Tests have been conducted on a specific event (Kaat and Lilli storms), they will have to be extended 
to others selected events (about 10), to have a more statistic approach. 
First results show that some parameters still have to be adjusted for MFWAM parameterization. 
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