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Abstract
The seasonal dependence of Weather Research and Forecasting (WRF) model surface temperature
biases and sensitivity to PBL schemes are jointly explored. For this purpose, the year 2001 was
simulated using three different PBL schemes in a domain covering all Europe. The simulations were
compared with gridded observations, upper air data and high-frequency station data. Seasonal and daily
cycles were analysed, aiming at providing a link between long term biases and restricted case studies.
The results show that the model mean bias significantly depends on the season, being warm in winter
and cold in summer. The winter warm bias is related to misrepresented cold extremes, while a
systematic cold bias dominates the whole temperature range in summer. Regarding PBL schemes, an
overall underestimation of the entrainment is found, with the non-local YSU scheme producing
systematically warmer temperatures. It is shown that the opposite seasonal biases and the systematic
behaviour of the PBL schemes along the year lead to a different best-performing scheme in winter and
summer. Moreover, the best-performing PBL scheme in an average sense is a result of the
compensation of errors. The average summer results can be partially explained by a detailed case study.
It is concluded that short term studies should be used with caution to decide on the parametrizations to
be used in long term simulations.

●

The q-q plots show that:

- Overall summer cold
bias is very uniform.
- The winter warm bias
appears in minimum
temperatures, and is
concentrated in the lowest
temperatures, below ≈
-5ºC
- Differences between
regions are related with
the different temperature
ranges.
- The sensitivity to PBL
scheme is overally smaller
that the bias.

Experimental design

- Thus, the sign of the
bias is determining the
best behaving scheme in
each case.

365X3 individual simulations of 42 hours were carried out with WRF-ARW v3.1.1, covering Europe
with 15 km resolution.
●

They were concatenated to get three continuous re-forecasts of the year 2001, each one with a
different PBL scheme:
●

- Yonsei University Scheme
(YSU)
- Mellor Yamada Janjic
(MYJ)

Results: PBL top height and entrainment

- Asymmetric Convective
Model 2 (ACM2)

Comparing the daily cycle with SYNOP
data, the bias is shown to be dependent on
the daily cycle, and thus, on the stability
regime.
●

●

Observations used:
- E-OBS dataset

WRF overestimates the amplitude of the
daily cycle of screen level specific humidity
in JJA. This is indicative of an
underestimation of the entraintment .
●

- Soundings
- SYNOP hourly data
- Cabaw

YSU is the scheme producing more
entrainment. This is also noticed in the PBL
top height, compared with the one observed
in Die Bilt soundings.
●

Results: Bias seasonal cycle
Comparing with E-OBS, temperature bias is found to be dependent on the season and the region. This
raises concerns about choosing the best PBL scheme using short experiments.

Comparison with
observations from Cabaw
shows an underestimation of
both latent and sensible heat
fluxes (Summer clear days).
●

Effects in the temperature
of his two biases cancel
each other. Thus, another
element of the surface
energy balance must be
behind the cold bias (albedo,
radiation).
●

TºC

Conclusions
●

Long term average biases in WRF have spatial and seasonal dependence. Two main biases prevail: A
cold bias in summer maximum temperatures and a warm bias in winter coldest temperatures.

●

Summer cold bias is related to an underestimation of the entrainment, but, as the surface fluxes are
not underestimated, main causes could be problems in the radiative balance.

●

It is shown how model bias in long term statistics, can be related to the physical representation of
phenomena as entrainment of surface energy balance, looking to the distribution of the biases along
different regions, and along seasonal and daily cycles.

●

Minimizing long term biases without looking to the details can lead to compensation between different
biases, instead of obtaining more consistent and realistic simulations of physic processes.

TºC

Max. Temp → Cold bias, specially in JJA. Small bias in winter, specially with YSU scheme.
● Min. Temp → Warm bias in DJF, except FR and IP with MYJ and ACM2. Cold bias in JJA with some
exceptions.
●

Results suggest that different biases are related with the different temperature regimes that prevail in
the regions and seasons.
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