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Application of ensemble dynamical downscaling to medium-range forecast
FALER LD of surface air temperature over northeastern Japan during summer.
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The surface air temperature has large impacts on crops in their quality and quantity. In decision to reduce
the damage of crops, high-resolution medium-range probabilistic forecasts of surface air temperature fields
should be helpful. In northeastern Japan, a northeasterly wind called Yamase sometimes brings
anomalously cool and cloudy weather during summer, and causes serious damage to crops. The anomalous
temperature fields are largely influenced by complex terrain, while Yamase itself is considered as a part of
large-scale flow. Therefore, it is necessary to consider effects of smaller-scale phenomena as well as large-
scale phenomena. Meanwhile, since the growth of forecast errors generally depends on the state of the
atmosphere, it is also important to predict the reliability of forecasts.

Even operational global models for medium-range ensemble forecasts are still too coarse to
realistically represent both temporal and spatial variability of the surface air temperature. Although
ensemble dynamical downscaling forecasts are expected to be an alternative, its validity for medium-range
surface air temperature forecast has not been fully investigated. The purpose of this study is to assess
ensemble downscaling for medium-range forecasts of the detailed spatial distributions of surface air
temperature.

First, to evaluate the surface air temperature simulated by dynamical downscaling model itself, a
perfect boundary experiment was conducted. In this experiment, the Japan Meteorological Agency (JMA)
nonhydrostatic models (NHMs) with horizontal resolution of 25 km, 5 km, and 1.5 km were used as
dynamical downscaling models. Japanese 55-year Reanalysis data were adopted as the initial and lateral
boundary conditions. The experimental periods were set to July 2003 and 2004. In July 2003, a cool
summer is brought by Yamase, while a hot summer is brought due to no influence of Yamase in July 2004.

The bias of diurnal temperature range is found to be reduced with dynamical downscaling in both
July 2003 and July 2004. This is the results from the improvement in the reproduction of local circulations
and clouds with dynamical downscaling. In particular, the reduction of the bias in July 2003 is attributed to
the improvement in the reproduction of clouds accompanied by Yamase, whose distributions are largely
influenced by terrain. On the other hand, the downscaled daily mean air temperature has warm bias and the
bias accounts for about 60 % of the RMSEs in both July 2003 and 2004. This implies that bias correction is
helpful to extract effective signals from dynamical downscaling results. Meanwhile, the warm bias of the



daily mean temperature is enhanced with dynamical downscaling in July 2004. The features are not found
in July 2003. These results suggest that the dynamical downscaling model have some deficiency in clear
days and the effects of errors are larger than those of enhancement of the horizontal resolution.

Second, to assess medium-range forecasts of the detailed spatial distribution of the daily mean surface
air temperature, an ensemble downscaling forecast experiment was conducted using NHMs with horizontal
resolutions of 25 km and 5 km. In this experiment, the JMA's one-month ensemble hindcast data, which
consist of 9 ensemble members, were adopted as the initial and lateral boundary conditions. The initial
times were set to 20 June, 30 June, 10 July, and 20 July from 2000 to 2009. The bias was corrected at each
forecast time and at each position against the surface air temperatures observed by the Automated
Meteorological Data Acquisition System (AMeDAS).

Single dynamical downscaling forecasts enhance the temporal and spatial variability of surface air
temperature which is underestimated with the coarse global model. As an effect of the increase of the
variability, single dynamical downscaling forecasts amplify the errors in lateral boundary conditions. The
ensemble means of downscaling forecasts have 15 % smaller RMSEs compared with the single
downscaling forecasts, and still have larger variability than the coarse global forecasts have. The ensemble
means of downscaling forecasts can successfully extract reliable signals with information of local
circulations. Moreover, the ensemble downscaling forecasts have 80 % larger spreads than the global
forecasts. This is because ensemble downscaling forecasts can add the uncertainty including effects of
smaller-scale phenomena. The result suggests that ensemble downscaling forecasts can provide the
probabilistic forecasts considering the effects of local-scale phenomena that cannot be reproduced with
coarse global models.

An empirical orthogonal function (EOF) analysis is conducted. The analysis clarified that the
predictability depends on the EOF modes. The predictable periods are 8 days for the homogeneous mode
over northeastern Japan, 5 days for the Yamase mode (east-west mode), 2 days for the north-south mode.
The dynamical downscaling can properly predict amplitudes of the EOF modes. Particularly regarding the
Yamase mode, the dynamical downscaling can predict 90 %, though the global model can do only 20 %.
This result indicates that the validity of ensemble downscaling for medium-range forecast of surface air
temperature field induced by Yamase.

This study shows the validity of ensemble downscaling for medium-range forecasts of the detailed
spatial distributions of surface air temperature. The ensemble downscaling is useful to estimate realistic
features including effects of small-scale phenomena such as spatial variability, temporal variability, and
probabilistic distribution. Therefore, results of the ensemble downscaling have a potential in use as inputs
of models such as agricultural models that need realistic surface variables. It is also possible to estimate the
reliability of the forecasts with contribution rates of the predictable modes in the ensemble mean forecasts.
In addition, this study suggests that even the state of the art dynamical downscaling model have some
deficiency in terms of the reproduction of surface air temperature. Further improvements in the model are
needed.
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