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Impact on the accuracy of forecasts
As mentioned earlier, using the non-extrapolatory scheme everywhere has a significant negative impact 
in actual forecast accuracy. This is clearly demonstrated in Figure 7a where timeseries of the Anomaly 
Correlation Coefficient (ACC) and Root-Mean-Square Error (RMSE) are plotted for the geopotential height 
field at 500 and 10 hPa for a 7-day forecast from three experiments.

•	 The standard SETTLST.
•	 The new SETTLSTF.
•	 The non-exploratory scheme used everywhere in the vertical.

While SETTLSTF is neutral in the troposphere, the non-extrapolatory scheme shows a consistent 
degradation of accuracy. In the stratosphere, as shown in Figure 7b, both SETTLSTF and the non-
extrapolatory scheme perform similarly, resulting in a large reduction of RMSE (almost by a third) and  
an increase in ACC in the period when the SSW occurs. Further analysis of these results shows that  
the gains are statistically significant and justify use of this approach to satisfy the objective of improving 
SSW forecasting without reducing accuracy in the troposphere or in periods where such phenomena  
do not occur.

Additionally, there is also significant positive impact on the 4DVAR data assimilation system. Standard 
deviations and biases of forecast departures of brightness temperature from satellite observations in 
the stratosphere reduce significantly when SETTLSTF is used compared to SETTLST. These quantities 
are plotted in Figure 8 for various (height-dependent) channels of AMSU-A. Due to improved model 
predictions, satellite data rejections occurring in the assimilation cycle are also greatly reduced; for 
example approximately 10% more observations are assimilated at channels 11 to 14 for AMSU-A.

Figure 6  Vertical cross section of (a) analysed temperature at 00 UTC on 10 January 2013 along with the corresponding 
7-day forecasts using (b) SETTLSTF and (d) SETTLST. The one-day forecast using SETTLST is at (c).Vertical slice corresponds 
to the zonal average between 50°N and 80°N.
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Concluding remarks
A simple modification to the existing semi-Lagrangian trajectory scheme (SETTLST) is included in IFS cycle 
40r3. The new scheme improves stability by identifying gridpoints which are prone to noise generation and 
applying there a non-extrapolating scheme that does not generate noise. It thus outperforms the standard 
SETTLST in numerically sensitive regions.

These modifications to the numerics improve the accuracy of forecasts, but also improve our analyses of 
SSWs by reducing inconsistencies between the model and satellite measurements. As a result the data 
assimilation system is able to exploit more observations to assist the detailed characterisation of these events.
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Figure 7  ACC (top) and RMSE (bottom) of  
the (a) 500 hPa and (b) 10 hPa geopotential  
for 7-day forecasts from three experiments:  
the standard SETTLST, new SETTLSTF and 
non-exploratory scheme everywhere in the 
vertical. Results are shown for the northern 
hemisphere extratropics (20°–90°N).

Figure 8  Standard deviation and bias of 
the background departure (observed minus 
background) and analysis departure (observed 
minus analysis) of brightness temperature  
for the northern hemisphere using SETTLSTF 
and SETTLST for various AMSU-A channels  
on board Metop-B.
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