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Rasmussen et al. (2012); 
As air flows around and over a precipitation gauge, falling snow hydrometeors are deflected 
by the flow and do not enter the gauge. ……. Wind bias in the gauge measurement of a 
snowfall event can vary substantially depending on the wind speed, temperature, 
precipitation characteristics, and gauge configuration, but can be as high as 100%”











Accumulated precipitation at Haukeliseter (15. December 2017 - 31. March 2018) from hourly 
observations with SA Geonor (black dotted) and DFAR Geonor (black solid) both marked with 
black circles.



Accumulated precipitation at Haukeliseter (15. December 2017 - 31. March 2018) from hourly 
observations with SA Geonor (black dotted) and DFAR Geonor (black solid) both marked with black 
circles. In addition are the accumulation of the forecasted precipitation shown for MEPS (solid blue 
marked with filled circles) and IFS-HRES (solid red marked with filled circles).  

●

●



Accumulated precipitation at Haukeliseter (15. December 2017 - 31. March 2018) from hourly observations with SA Geonor (black 
dotted) and DFAR Geonor (black solid) both marked with black circles. Estimated precipitation with TFs applied on SA Geonor 
observations are given in dashed lines applying the universal coefficients (black marked with asterisks) and from the individual WMO 
SPICE sites; CARE (red), Haukeliseter (green), Sodankyla (blue), Caribou Creek (cyan), Weissfluhjoch (pink), Formigal (yellow), 
Marshall (grey) and Bratt’s Lake (black). In addition are the accumulation of the forecasted precipitation shown for MEPS (solid blue 
marked with filled circles) and IFS-HRES (solid red marked with filled circles).  



Forecasts of hourly precipitation divided by observed precipitation (SA Geonor) at individual sites;
- comparison with liquid precipitation (triangle)
- comparison with raw (unadjusted) solid precipitation observations (asteriks)
- comparison after applying the “universal transfer function” (green dot)
- comparison after applying all sets of available transfer function coefficients (boxplots)
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Daily precipitation and forecast biases averaged over 282 Norwegian stations for December - February (DJF), March - May (MAM), June - August (JJA) and September to 
November (SON). Raw measurements in grey, adjusted measurements with TF and universal coefficients in black. Biases for MEPS (red) and IFS-HRES (blue) against 
raw measurements (vs RAW) and against adjusted measurements (vs ADJ). 



Forecasted catch efficiency      x     (solid) precipitation forecast

= observed precipitation 



The adjustment is characterized by a large uncertainty: key factor is the local climatology: 
possibly related to the phase and micro-physics of the hydrometeors?

The NWP systems systematic positive biases are 
reduced when applying the WMO-SPICE 
adjustment (for all models, over both Fennoscandia 
and North America > 60N)

The performance (as measured by the TS) 
increases when applying the WMO-SPICE 
adjustment, over Fennoscandia (but it does 
not over North America > 60N)

An Example from the Canadian NWPs



1. The wind-induced undercatch of solid precipitation introduces observational errors that have 
substantial impact on NWP verification results. 

2. Verification at the Haukeliseter supersite shows that more reliable observations result in a substantial 
improvement in forecast errors.

3. Applying Transfer Functions provides useful information and gives a more realistic picture of the 
true forecast capabilities. In particular, estimates of systematic forecast biases are improved.

4. Applying TFs is associated with uncertainty, which should be taken into account in the verification 
process and the interpretation should be done with caution. Further work on reducing the uncertainty in 
the TFs is needed. 

5. The interpretation of precipitation verification is easier if the evaluation for liquid and solid 
precipitation is done separately.

6. It is recommended to complement the solid precipitation verification with different types of 
precipitation measurements when available.

Details: Køltzow, M., B. Casati, T. Haiden, and T. Valkonen, 2020: Verification of Solid Precipitation 
Forecasts from Numerical Weather Prediction Models in Norway. Wea. Forecasting, 35, 2279–2292, 
https://doi.org/10.1175/WAF-D-20-0060.1.




