Seasonal forecast skill increase due to vertical resolution
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Evaluation of the skill of seasonal forecasts is a computationally expensive exercise, as the
number of years must be at least 10 for tropics and 30 for midlatitudes. The size of the
ensembles must be at least 3 for the tropics and 9 for midlatitudes. Otherwise, the accuracy of
the scores is too poor (Déqué, 1997). The choice of horizontal and vertical resolution is a
compromise between the expected improvement and the cost of a reliable evaluation
experiment. In the PROVOST European project (Doblas-Reyes et al., 2000), an attempt to
introduce high resolution in the stratosphere was not successful in terms of score improvement.
Possible reasons were the number of stratospheric levels (20), the absence of coupling with the
ocean, the poor quality of the ERA15 analyses in the stratosphere.

In the DEMETER European project (Palmer et al., 2004), the conditions are more favorable: the
44 years of ERA40 offer a good dataset for stratospheric initial conditions, and the forecast
exercise is carried out in coupled mode. The experiment we present here is based on a revisit of
the winter forecasts with a more recent version of one of the participating models. We used
version 4.4 of ARPEGE-Climate (Déqué, 2003). The initial atmospheric conditions are obtained
from ERA40 data, whereas the ocean is initialized by an uncoupled run of the model forced by
the daily ERA40 surface fluxes. Nine members, obtained by lagging by using the last 9 days of
October as an atmospheric initial condition, have been produced for 44 winters (starting at 1
November 1958 through 2001). The standard simulation uses 31 vertical levels, as in
DEMETER. Although the model has undergone a few improvements since the original
DEMETER exercise (the forecast scores are improved in uncoupled mode), this new version is
generally below the original one in terms of scores.

A stratospheric version has been built by using 91 levels and letting ozone evolve as a
prognostic variable (it is prescribed from a multi-year average of the same field in the 31L
version). In addition the time step is divided by two to maintain time stability. As a result of the
quadratic increase of the radiative calculations, the 91L version is ten times more expensive
than its 31L counterpart. Table 1 indicates the average pressure in the middle of each layer for
both resolutions. The anomaly correlation of both models has been calculated for the DJF
(month 2-4) averages with respect to the ERA40 values. Except in the southern hemisphere, the
scores are significantly improved. This result is in agreement with recent findings of Baldwin et
al. (2003) about stratospheric memory.
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Table 1: Vertical discretization (hPa) of the 91L version (row 1-10) and of the 31L version

(row 11-14)

Globe NH SH Tropics Nino3.4

7500 31L .20 12 17 .64 25

91L 25 .20 .16 .67 41

Precip. 31L 45 14 .07 A7 .58

91L S1 19 .04 .53 72

S Temp. 31L 25 .16 22 40 47

91L .30 23 23 42 S1

Table 2: Anomaly correlations of 500 hPa height, precipitation and surface temperature in the
two vertical resolutions. The verification domains are the globe, the northern hemisphere
(30°N-90°N), the southern hemisphere (30°S-90°S), the tropics (30°S-30°N) and the Nino3.4
box (5°N-5°S, 120°E-170°E).



