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1 INTRODUCTION

Coarse-grid global circulation models (GCMs)
do not allow for regional estimates of water bal-
ance or trends of extreme precipitation. This is
especially true in complex terrain. Therefore,
downscaling of the global simulations to gen-
erate regional precipitation is necessary. This
paper discusses dynamical and statistical down-
scaling in two major river basins (RBs): (1) the
upper Danube river basin (UDRB) covering an
area of 76’653 km2 in the European Alps and (2)
the upper Brahmaputra river basin (UBRB) with
about 500’000 km2 in the Himalayas. The dis-
cussion focuses on simulated changes of daily
precipitation statistics in the two RBs.

2 METHODS

A detailed evaluation of dynamical and statisti-
cal downscaling methods applied to ERA40 (Up-
pala et al., 2003) re-analysis data in both regions
is given in Dobler and Ahrens (2008). In the
present study, large-scale projections using the
IPCC SRES A1B emission scenario are down-
scaled.

The large-scale projections are generated
with the ECHAM5 model (Roeckner et al., 2006)
and have a grid resolution of about 2◦. For dy-
namical downscaling the regional climate model
CLM is used with a grid resolution of 0.44◦. As
a parsimonious statistical downscaling method
we use a method based on mapping daily pre-
cipitation to a two-parameter gamma distribu-
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tion (for further details see Dobler and Ahrens,
2008). In the following sections, statistically
downscaled ECHAM5 precipitation fields are
named ECHAM5-Γ. They have a grid resolution
of 0.5◦.

Trends of daily precipitation statistics are cal-
culated for all four seasons of the years during
the simulation period 1960-2080. An overview
on the precipitation statistics is provided in Ta-
ble 1. The wet day threshold is set to be 1
mm/d. Beside the two major RBs, 5 sub-areas
of interest (see Figs. 1 and 2) are considered.
The sizes of the single areas (in number of grid
points on the 0.44◦ simulation grids) are: UDRB
51, Lech RB 5, Salzach RB 7, UBRB 275, As-
sam 47, Lhasa RB 22 and Wang-Chu RB 8. For
the very small Wang-Chu, Lech, and Salzach
RBs, a bounding box of 4 x 4 grid points has
been used to evaluate the trends in the climate
projections.

Table 1: List of precipitation statistics.

Acronym Description Unit
PFRE Fraction of wet days 1
PINT Mean precipitation amount mm/d

on wet days
PQ90 90% quantile of wet days mm/d

precipitation
PX5D Max. 5-day precipitation mm
PCDD Longest period of d

consecutive dry days

2.1 Evaluation

Figures 3 and 4 show precipitation climates
from different observation data sets, the ERA40
re-analysis data, the CLM, the ECHAM5, and
the ECHAM5-Γ precipitation in the UDRB and



Figure 1: Orography (m) used for the regional cli-
mate simulations with the CLM. The colored areas
denote the Upper Danube (red), the Lech (left), and
the Salzach (right) river basins.

the UBRB, respectively. The observation data
sets shown are GPCC (Schneider et al., 2008),
UDEL (Legates et al., 1990) and CRU (Mitchell
and Jones, 2005) in both RBs as well as the
Frei-Schär data set version 4.1 (Frei and Schär,
1998) in the UDRB and the East Asia Daily Pre-
cipitation data set (Xie et al., 2007) in the UBRB.

The main deficiencies of the CLM are appar-
ent in the UBRB during the monsoon season,
when it underestimates the observed precipi-
tation. This is consistent with the findings of
Rockel and Geyer (2008), that the CLM highly
underestimates the monthly precipitation in this
region from June to August. This finding is not
surprising because the model was not designed
for this climate region. Nevertheless, the ac-
curacy of CLM precipitation at the 0.5◦ scale
is comparable with that of ERA40 precipitation,
and in most places even comparable with that
of statistically downscaled ERA40 precipitation
(see Dobler and Ahrens, 2008).

As was already shown by Hagemann et
al. (2005), the ERA40 precipitation strongly
overestimates precipitation in the Ganges-
Brahmaputra region. Despite the deficiencies of
the CLM during the monsoon season, it yields
much better results than the large-scale ERA40
and ECHAM5 precipitation in this region. The
best results in this region however, are obtained

Figure 2: As for Fig. 1, but for the South Asian compu-
tational domain with the Assam region (bottom right)
and the Upper Brahmaputra (red), the Lhasa (top) and
the Wang-Chu (bottom left) river basins.

Figure 3: Precipitation climates from different obser-
vation data sets (blue), the ERA40 re-analysis and
model simulations in the UDRB for the time period
1971-1999.

by the ECHAM5-Γ precipitation.

Still, the CLM is a promising method for down-
scaling of GCM projections. Moreover, the CLM
has an advantage over the statistical method, in
that it yields a consistent set of different meteo-
rological parameters that can be used, for exam-
ple, as input to a hydrological model.



Figure 4: As for Fig. 3, but for the UBRB and the time
period 1978-2000.

2.2 Model bias correction

Regional and global climate models commonly
show model biases in, for example, rain day fre-
quency and rain day intensity. However, to as-
sess the question of a changing climate, projec-
tions from these models are usually normalized
with respect to some reference period (in this
study: 1971-2000). Via this normalization (i.e.,
division by the mean value of the reference pe-
riod), constant model biases are removed from
the model results.

A more complex bias correction is per-
formed, when applying the statistical downscal-
ing method to the coarse-grid precipitation. But,
comparing the ECHAM5-Γ precipitation to nor-
malized ECHAM5 precipitation we have found
only small differences in the changes of the sta-
tistical values (not shown). The same statisti-
cal method can also be used to remove model
biases from the CLM model. There too, the
changes of the statistical values are very similar
in the raw and the bias corrected CLM precipita-
tion fields (not shown).

We conclude that, for the calculation of
changes in precipitation statistics as simulated
by the ECHAM5 or the CLM model, a simple
normalization is sufficient to remove most of the
model biases. There is only a small added value
from the more complex methods. This is how-
ever only true, as long as the model is at the end
of the simulation chain and no additional model
(e.g., a hydrological model) is driven by the pre-
cipitation fields.

3 RESULTS

Figures 5 and 6 show the normalized annual and
seasonal precipitation totals in the UDRB and
the UBRB as modelled by the CLM. For the Eu-
ropean regions the seasons are spring (MAM),
summer (JJA), autumn (SON) and winter (DJF).
For the South Asian regions these are summer
(MAM), monsoon (JJAS), post-monsoon (ON)
and winter (DJF) as suggested by Basistha et
al. (2008).

Figure 5: Annual and seasonal precipitation changes
in the UDRB. Dotted lines denote CLM projections,
solid lines linear fits. The CLM projections have been
normalized using the reference period 1971-2000.

Annual precipitation shows no trends in either
the UDRB or the UBRB. In the UDRB, there are
positive trends in spring, autumn and winter, and
a negative trend in summer. However, only the
positive trend in spring and the negative trend
in summer are significant (at the 0.05 level, see
also Table 2). In the UBRB there are positive
trends in summer and the post-monsoon sea-
son, and negative trends in the monsoon sea-
son and in winter. Here, all trends, except the
positive trend in the post-monsoon season are
significant.

Table 2 gives the precipitation trends in the
UBRB, the UDRB and the sub-areas during the
time period 1960-2080. The table shows the val-
ues for the annual as well as seasonal precip-
itation sums as simulated by the CLM and the
ECHAM5 model. Only values in bold are statis-
tically significant.

In the UDRB and the sub-areas, the ECHAM5



Figure 6: As for Fig. 5, but for the UBRB.

Table 2: Annual and seasonal precipitation changes
(% / 100 years) in different areas during the time pe-
riod 1960-2080. The values are for A1B scenario pro-
jections from the CLM and the ECHAM5 model. For
normalization, the yearly values have been divided by
the mean of the reference period 1971-2000.

CLM Ann. MAM JJA SON DJF
UDRB -1 16 -21 6 3
Salzach 0 19 -20 7 0
Lech -3 15 -22 2 0
ECHAM5
UDRB -2 6 -27 9 3
Salzach -3 5 -28 13 0
Lech -5 -2 -29 7 -1

CLM Ann. MAM JJAS ON DJF
UBRB -2 11 -9 24 -36
Wang-Chu 2 8 -2 34 -45
Assam 6 23 -11 120 2
Lhasa -11 -21 -7 -6 -46
ECHAM5
UBRB -4 8 -6 -6 -31
Wang-Chu -9 11 -12 -6 -45
Assam 2 19 -2 -1 -24
Lhasa -7 -5 -7 -8 -29

model does not show the positive trend in spring
precipitation shown by the CLM. Otherwise,
there are no notable differences between the
two models. In the Asian regions, the Lhasa
RB shows a negative trend for annual precipita-
tion in both models and a negative trend in sum-
mer precipitation in the CLM model. All regions

except Assam show a negative trend in winter
precipitation in both models. Overall, there are
more disagreements between the two models
than in the UDRB.

Table 3: As for Table 2, but for PFRE and seasonal
values only.

CLM MAM JJA SON DJF
UDRB 5 -24 -3 -2
Salzach 6 -21 -4 -4
Lech 4 -23 -5 -3
ECHAM5
UDRB -3 -25 -8 -5
Salzach -4 -24 -6 -9
Lech -6 -25 -10 -7

CLM MAM JJAS ON DJF
UBRB -5 -15 -7 -42
Wang-Chu -1 -14 -5 -45
Assam 12 -15 29 -18
Lhasa -26 -17 -17 -48
ECHAM5
UBRB -2 -5 -10 -30
Wang-Chu 4 -2 -13 -27
Assam 8 -5 -6 -15
Lhasa -9 -9 -18 -34

Table 4: As for Table 3, but for PINT.

CLM MAM JJA SON DJF
UDRB 11 4 10 6
Salzach 12 1 14 6
Lech 11 1 9 3
ECHAM5
UDRB 9 -5 20 9
Salzach 10 -8 22 10
Lech 5 -7 19 7

CLM MAM JJAS ON DJF
UBRB 9 7 33 0
Wang-Chu 4 13 42 -24
Assam 10 7 59 5
Lhasa 1 11 17 4
ECHAM5
UBRB 6 -1 7 -10
Wang-Chu 5 -10 13 -35
Assam 11 3 5 -28
Lhasa 2 2 14 5

More daily precipitation statistics for the differ-
ent seasons and areas are shown in Tables 3



to 6. There is a negative trend in PFRE in all
areas and models in the second season of the
year. For PINT, there are several positive trends
in both models and regions. Note that for the
Wang-Chu RB, the ECHAM5 simulations show a
negative trend, where the CLM simulations show
a positive trend. For PQ90 we found, that the
trends agree to a large extend with the trends in
PINT (not shown).

Table 5: As for Table 3, but for PX5D and the UDRB
(top) and UBRB (bottom) only.

MAM JJA SON DJF
CLM 17 -3 3 -1
ECHAM5 19 -17 17 8

MAM JJAS ON DJF
CLM 10 6 38 -15
ECHAM5 11 11 11 -24

Table 6: As for Table 3, but for PCDD.

MAM JJA SON DJF
CLM -3 31 -4 9
ECHAM5 1 37 7 21

MAM JJAS ON DJF
CLM 10 21 4 21
ECHAM5 5 27 16 21

For PX5D, the ECHAM5 model shows signifi-
cant trends in all seasons in the UDRB, while the
CLM shows only a positive trend in spring. The
ECHAM5-Γ precipitation yields almost the same
trends as the large-scale ECHAM5 precipitation
(not shown). In the UBRB, there are no trends
in the CLM projections and only a positive trend
during the Monsoon season in the ECHAM5 pro-
jections. For PCDD there is high agreement be-
tween the two models in all seasons.

In Beniston et al. (2007), an increase by a
factor of about 1.15 for the winter precipitation
in the central European region was found for
the CHRM model between the scenario period
2071-2100 and the control period 1961-1990.
Using the daily precipitation data from the PRU-
DENCE project (see http://prudence.dmi.dk) we
have calculated a factor of 1.11 for the UDRB.

Contrary, we see no significant trend in win-
ter precipitation in the UDRB for the CLM and
the ECHAM5 projections during the time period

1960-2080. However, if we look at scenario and
control periods only, we also find a factor of 1.11
in the CLM projections. Here, as control period
we have also used 1961-1990. But, because our
current CLM simulation ends in the year 2080,
we have used the years 2066-2080 as scenario
period. Note that for the ECHAM5 projections,
there is no notable difference between the sce-
nario periods 2066-2080 and 2071-2100 and the
factor we find is 1.1. The factors calculated for
PFRE, PINT, and PQ90 are also in good agree-
ment with the values shown in Beniston et al.
(2007), both for summer and winter, CLM and
ECHAM5 simulations.

4 CONCLUSIONS

Changes of daily precipitation statistics in the
Upper Danube river basin (UDRB) and the Up-
per Brahmaputra river basin (UBRB) were calcu-
lated for global and regional climate model sim-
ulations for the time period 1960-2080. As ex-
pected, different scenarios evolve in the two river
basins. For instance, there is a significant de-
crease in winter precipitation in the UBRB but
no trend in the UDRB.

Between the two models, no big differences
were found except for the maximum five day pre-
cipitation in the UDRB. A more detailed evalua-
tion of this parameter should be kept in mind, as
it is an indicator of extreme precipitation levels
which may cause floodings. However, this eval-
uation is limited to some extend by the availabil-
ity of daily precipitation data sets over long time
periods.

Additionally, the global precipitaion projec-
tions were statistically downscaled. No note-
able differences were found between the large-
scale and the statistically downscaled precipita-
tion fields in the trends of the considered precip-
itation statistics.

In this study, we focussed only on the SRES
A1B scenario runs. A quick look showed, that
the scenarios A2 and B1 show very similar re-
sults.
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