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1. Introduction

The purpose of this work is to study the added value
(AV) provided by a regional climate model (RCM) with
respect to the global climate model (GCM) or global
analyses used to drive the regional simulation. Three
main factors contribute to the AV:  the lateral boundary
conditions (negative feedback), the discretisation
(positive feedback) and finally the non-linear
interactions between different scales (positive feedback).
The objective is to assess the contribution of this later
factor to the AV. The water plays a key role in the
energetics of the climate and a better understanding of
its cycle is necessary to better understand climate
change. Also, precipitation produced by GCM shows
large differences compared to precipitation produced by
RCM as it is greatly influenced by topographic and
small-scale regional features as well as regional
mesoscale circulation. The water budget is thus chosen
for the scale decomposition.

2. Water Budget and Methodology

The water budget is defined as: 

† 

dt Q = -—.F + E - P

where 
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1
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is the horizontal moisture flux, Q is the humidity, U is
the horizontal wind, E the evapotranspiration and P the
precipitation. To isolate the contribution of different
scales, the Discrete Cosine Transform (DCT) is used as
it allows efficient decomposition of non-periodic fields
(see Denis et al. 2002 for details). The divergence of the
moisture flux, which is a quadratic term, is handled as
follow. The humidity Q is defined as: Q=Q0+QL+QS
where Q0 represents the very large scales that are not
resolved by the RCM (as a first approximation it is
defined as the domain-mean value), QL represents large
scales that are both resolved by the RCM and the NCEP
analyses (scales greater than 600 km) and QS represents
the small scales that are only resolved by the RCM
(scales smaller than 600 km), which represents the AV
of the RCM. The same decomposition is applied to both
components of the horizontal wind U. The vertically
integrated moisture flux is then written as:

† 

F = F 0 + FG + F S  and

† 

F = UkQl
l Œ(0,G,P )
Â

k Œ(0,G,P )
Â = U0Q0 +U0QL +U0QS +ULQ0 +ULQL +ULQS +USQ0 +USQL +USQS

Finally the divergence of each of the 9 terms is
calculated. One must keep in mind that each term can
contribute to any of the 3 defined scales as they
represent non-linear interactions.

3. The Canadian Regional Climate Model and its
driving data

The Canadian regional Climate Model (CRCM)
described in Caya and Laprise (1999) is used for a
simulation with 45-km horizontal resolution and 29
sigma levels, and driven by NCEP reanalyses. A winter
month simulation (Feb. 1990) is used over a domain of
about 6000 km by 6000 km centred over Canada. The
simulation outputs are interpolated on the 17 pressure
levels of the NCEP reanalyses. The NCEP analyses have
a T32 resolution and are interpolated over the CRCM
45-km horizontal grid. A mask (Boer 1982) is used to
remove the values that are below the ground level using
the CRCM surface pressure.

4. Divergence of the moisture flux and its
decomposition

The divergence of the moisture flux for 15 Feb. 1990 is
displayed on Fig. 1 where one can see two main
structures: a dipole of convergence-divergence over the
east coast of America associated with a north-south band
of precipitation often observed during winter time, a
second dipole over the ocean with a west-east
orientation. Fig. 2 displays the 9 decomposed terms of
the divergence flux. It shows that large-scale dominant
terms are those involving the large-scale humidity (U0QL
and ULQL). The dominant small-scale terms are those
related to the small-scale humidity with large and very
large scale winds (U0QS and ULQS). These last two terms
tend to modulate the large-scale structures that are
represented in the large-scale terms such as to increase
the central amplitude of the features and to decrease
their spatial extension. The term involving only small
scales USQS is weaker but shows also an interesting
signal. The same decomposition is applied to the NCEP
driving data (not shown) and results show that the cross-
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term that involved small-scale terms have no
contribution, as expected. Indeed, the added value of the
RCM is dominantly represented by non-linear
interactions between small- and large- scale features in
this case. The large-scale structure of the divergence is
very close to the pattern seen on the CRCM
decomposition.
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Figure 2: The 9 terms of the scale decomposition of divergence of the moisture flux for 15 Feb. 1990 in mm/da for the CRCM simulation.
The USQS term is displayed with a different colour scale than the other terms.

Figure 1: Divergence of the  moisture flux for 15 Feb. in mm/da


