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Abstract

Based on the example of precipitation, we have examined the transferability of the Climate Local Model
(CLM) to different regions of the earth. With the exception of the polar climates, all climate zones on earth
are taken into account. As expected, the quality of the simulations for temperate and continental climates
is similar to those over Europe. Tropical climates, however, display systematic differences with a land-
sea contrast. Here, precipitation is overestimated over warm oceans and underestimated over land. Another
similarity in all regions is the positive bias in precipitation occurring over high and narrow mountain ranges
which stand perpendicular to the main wind direction. In these cases, the CLM produces higher precipitation
values than those given in the Global Precipitation Climatology Project (GPCP) data set. A comparison to
three other regional climate models indicates that the findings are not CLM-specific. It also stresses the major
role of the convection scheme in tropical regions. The present study confirms the assumption that in order to
gain optimal results, one standard model setup is not appropriate for all climate zones. It also points out those
areas where the standard model setup should be modified.

Zusammenfassung

Am Beispiel des Niederschlages wird die Übertragbarkeit des CLM (Climate Local Model) in verschiedene
Regionen der Erde untersucht. Dabei werden mit Ausnahme der Eisklimate alle Klimazonen der Erde berück-
sichtigt. Wie zu erwarten, ist die Güte der Vorhersagen in den Gebieten mit Schnee- und warm gemäßigten
Klimaten ähnlich der in Europa. In tropischen Klimaten treten systematische Land-Meer Unterschiede auf.
Über dem warmen Meer wird der Niederschlag überschätzt, über dem Land unterschätzt. Eine weitere
Gemeinsamkeit tritt bei Niederschlag an Gebirgen auf, die hoch und schmal sind, sowie senkrecht zur allge-
meinen Windrichtung liegen. Dort zeigt das CLM höhere Niederschlagswerte als die zum Vergleich herange-
zogenen GPCP (the Global Precipitation Climatology Project) Daten. Ein Vergleich mit drei anderen re-
gionalen Klimamodellen zeigt, dass die Ergebnisse nicht CLM spezifisch sind. Er unterstreicht auch die
wichtige Rolle des verwendeten Konvektionsschemas. Die Studie unterstützt die Annahme, dass die Verwen-
dung der gleichen Modell-Standardeinstellung für alle Klimazonen nicht geeignet ist, um das beste Ergebnis
zu erzielen. Sie zeigt auch, in welchen Regionen die Standardeinstellungen modifiziert werden müssen.

1 Introduction

Regional Climate Models (RCMs) are often developed
on the basis of existing weather forecast models. Cer-
tain issues arise when these models are applied to cli-
mate simulations. Firstly, weather forecast models are
only run for short-range predictions over the course of
a few days. The verification is performed for this time
period only. In the case of climate simulations, the qual-
ity of the forecasts is uncertain. Tests and adaptations to
long-term simulations can be carried out with the help
of hindcast simulations (e.g. over the last forty years).
The quality of the results can be checked against avail-
able observational data. Furthermore, regional weather
forecast models are applied to a specific domain (e.g.
Europe) and validated for present weather situations.
However, is the model also flexible enough to be able
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to calculate a projected future climate correctly? It will
still be a matter of years until we can find a precise an-
swer. A few things can already be ascertained about the
model’s flexibility. One way to test a model’s flexibil-
ity is to carry out long-term simulations for different re-
gions of the world, taking into account as many climate
zones as possible. TAKLE et al. (2007) provide a survey
of past and present activities in this field. They include
an overview of transferability studies with several other
RCMs. It has to be mentioned that in these studies for
specific regions (e.g. for West Africa: VIZY and COOK,
2002; PAETH et al., 2005; DRUYAN et al., 2007) gener-
ally a testing and adaptation process precedes the actual
simuations.

The studies in the present work were carried out
as part of the Inter-Continental Transferability Study
(ICTS; ROCKEL et al., 2005), which is part of the Co-
ordinated Energy and Water Cycle Observation Project
(CEOP; Koike, 2004) within the Global Energy and Wa-
ter Cycle Experiment (GEWEX; www.gewex.org).
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Figure 1: Common grid domains as defined in ICTS. Numbers and

letters denote specific geographic areas on land and sea, respectively

(see Tab. 3).

Utilizing the Climate Local Model (CLM), simula-
tions were run for the seven domains defined in ICTS
(see Fig. 1). These calculations form the basis for the re-
sults presented in this paper. A particular focus is on how
the model performs using the example of precipitation.
Precipitation is one of the most difficult parameters to
compare to actual measurements, because its structures
change greatly over space and time. On the other hand,
more long-term and wide-ranging data is available for
precipitation than for any other atmospheric parameter.
This is a major advantage for transferability studies such
as ICTS. This study does not claim to solve all problems
in the transferability of CLM but rather seeks to provide
an overview of CLM’s performance and points out sev-
eral major issues in its use.

2 Model and data

The simulations were carried out with CLM version
2.4.6. A description of the dynamics and physics can
be found in WILL et al. (submitted). The configura-
tion corresponds to the standard setting, with two ex-
ceptions. The first one is the applied boundary condi-
tion scheme. In addition to the boundary relaxation af-
ter DAVIES (1976), we used the spectral nudging option
(VON STORCH et al., 2000). The second exception is the
applied convective scheme. Tests yielded better results
for the Kain-Fritsch scheme (KAIN and FRITSCH, 1993)
than for the Tiedtke scheme (TIEDTKE, 1989) in some
tropical climate regions, especially over South America.
We therefore chose the Kain-Fritsch convection parame-
terization for our study. The horizontal resolution of the
CLM is 0.5◦ on a rotated grid. The number of vertical
levels is 32.

For ICTS, seven computation areas were defined
(Fig. 1). Each of the domains corresponds to a cer-
tain Continental Scale Experiment in GEWEX. Several
aspects were considered in defining the domains. For
instance the model boundaries should not cut through
mountain ridges and typical features for a region should
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Figure 2: Mean of skin temperature over sea for the time period

2000–2004 from NCEP reanalysis.

be included in the model domain. Furthermore the do-
main should be large enough to minimize the influence
of the driving model. In addition several test simulations
are performed to find the optimal domain. In order to
minimize these tests the choice of the domain size is
based on the experiences of other groups who already
performed simulations on these domains. One area cov-
ers the Mackenzie GEWEX Study (MAGS). The sec-
ond covers the GEWEX Americas Prediction Project
(GAPP) and was defined by the Project for Intercompar-
ison of Regional Climate Simulations (PIRCS; TAKLE

et al., 1999). Another area covering both the Large-
Scale Biosphere-Atmosphere Experiment in Amazonia
(LBA) and the La Plata region was used for a previ-
ous South America intercomparison (e.g. ROADS et al.,
2003). Over Europe, we chose an area that includes the
BALTEX catchment, taken from the definition of the
CLM area used for the PRUDENCE project (European
Union Prediction of Regional scenarios and Uncertain-
ties for Defining EuropeaN Climate change risks and
Effects, CHRISTENSEN et al. (2007)). The model do-
main for the AMMA (African Monsoon Multidiscipli-
nary Analysis) region in Africa is based on a map in the
AMMA implementation plan. The area over Asia cov-
ers the GEWEX Asian Monsoon Experiment (GAME)
region, expanded to cover the Himalayan CEOP refer-
ence sites. The selection for the MDB (Murray-Darling-
Basin Water Budget Project) area was based on a previ-
ous case study from the GEWEX Cloud System Study
(RYAN et al., 2000).

A requirement in ICTS was to use the same model set-
tings for each domain. Only the number of grid points
and the rotated North Pole are different for each domain
(see Tab.1). Participants in ICTS interpolated the results
of their simulations onto a common geographical grid
and common domains as given in Table 2. The rectan-
gles in Fig. 1 show the outline of these domains.
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Table 1: Model configuration for the different domains

domain number of grid points including lon/lat of the rotated North Pole

(relaxation zone ≈8 grid points)

Africa 131 x 131 0. / 90.

Asia 201 x 147 –70. / 60.

Australia 127 x 127 135. / 65.

Europa 105 x 111 –170. / 32.5

North America 1 137 x 125 80. / 55.

North America 2 115 x 105 70. / 28.

South America 149 x 181 –60.0 / 68.0

Table 2: Definition of common grid domains. Grid mesh is 0.5◦.

domain acronym number of grid points lon/lat of lower left corner

Africa AF01 95 x 95 –22.0 / –20.0

Asia AS01 202 x 106 45.5 / 0.5

Australia AU01 132 x 81 100.5 / –45.0

Europa EU01 139 x 84 –24.5 / 32.0

North America 1 NA01 143 x 89 –135.0 / 10.5

North America 2 NA02 190 x 73 –171.0 / 43.5

South America SA01 126 x 143 –91.0 / –57.0

Initial and boundary data was taken from the NCEP
(National Centers for Environmental Prediction) re-
analysis II data set (KANAMITSU et al., 2002). This data
is available for 00, 06, 12, and 18 UTC each day on a
Gaussian grid with a horizontal resolution in the merid-
ional of 1.875◦. The temperature at the lower boundary
of the CLM over sea is based on the skin temperature
in the NCEP reanalysis. The 2000–2004 mean is shown
in Fig. 2. We will refer to this figure in the following
chapter.

The simulation period is July 1999 to December
2004, with the first six months considered as spin-up
period.

Three global precipitation data sets are available
for this time period: data from GPCC (Global Pre-
diction Climate Centre, 0.5◦ GPCC Landsurface Full
Data Product Version 3, http://gpcc.dwd.de), Matsuura-
Willmots (http://climate.geog.udel.edu/climate/), and GP-
CP (Global Precipitation Climatology Project, HUFF-
MAN et al., 2001). We took all three data sets into ac-
count in our comparisons. Since the main conclusions
are the same for all three, the present article refers to the
latter study because it also contains data over the ocean.
To facilitate a better understanding of the presented Root
Mean Square Error (RMSE) and bias in the following
chapter, we have included GPCP mean monthly precip-
itation charts (Fig. 3). One major disadvantage of the
GPCP data set is the missing error assessment. MEINKE

et al. (2007) compared GPCP data with the combined
HOAPS/GPCC product (Hamburg Ocean Atmosphere
Parameters and Fluxes from Satellite Data, GRASSl et al.
(2000), and Global Precipitation Climatology Centre,
RUDOLF et al., 1992). They discovered uncertainties for

area means of between 1.8 mm/month for the ICTS do-
main NA01 and 24.1 mm/month for SA01 (see their Ta-
ble 1). Differences for sub-domains are not given but
are certainly higher. MEINKE et al. (2007) found maxi-
mum differences of more than 100 mm/month between
GPCP values and station data. The precipitation prod-
uct derived from TRMM (Tropical Rainfall Measuring
Mission, SIMPSON et al. (1988)) satellite measurements
provide an error estimate along with the precipitation
amount. Relative errors of more than 100 mm/month can
be found for tropical rainfall (see Fig. 4). These uncer-
tainty ranges have to be kept in mind for the discussion
in the following chapter.

3 Results and discussion

The present paper does not describe investigations into
the performance of the CLM over Europe (ICTS domain
EU01). This issue is discussed in detail by JAEGER et al.
(2008). However, figures for EU01 are included for the
sake of completeness.

Grid-scale and convective precipitation are computed
in to different schemes in the CLM. In order to distin-
guish between how these schemes influence the results,
separate figures for grid-scale and convective precipita-
tion are given in Fig. 5. The figures show the dominating
role of convective precipitation in tropical climate zones.

3.1 North America Region 2 (NA02)

The NA02 region over Canada covers continental and
dry climates in the South to polar climate in the North.
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Table 3: Specific geographic areas referred to in the present article.

1 Rocky Mountains 10 Pampas 19 Guinea, Sierra Leone and Liberia

2 Pacific Coast Ranges 11 Grand Chaco 20 Tibetan Plateau

3 Great Basin 12 Pantanal 21 Gobi Desert

4 Canadian West Coast 13 Paraná Catchment 22 Great Arabian Desert

5 Mexican Highlands 14 Guayana Highlands 23 Western Ghats

6 Apalachians 15 Sahel zone 24 Mountain ranges in SE-Asia

7 Great Lakes 16 West African mountain ranges 25 Simpson Desert

8 Andes 17 Adamaoua Plateau 26 Arnhem Land

9 Tropical forest 18 Jos Plateau 27 Cape York Peninsula

A Humboldt Current D Canaries Current G Gulf of Carpentaria

B Equatorial Current E Indian Ocean

C Benguela Current F Bay of Bengal

DJF MAM

JJA SON
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Figure 3: Mean monthly precipitation in mm over the time period 2000–2004 from GPCP precipitation analysis for the different seasons.
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Figure 4: Grid scale and convective mean monthly precipitation in mm over the time period 2000–2004 from CLM simulations. Figures

exclude relaxation zone.
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Figure 5: Grid scale and convective mean monthly precipitation in mm over the time period 2000-2004 from CLM simulations. Figures

exclude relaxation zone.

The Taylor diagram (Fig. 6) shows that this domain is
the closest to the European (EU01) domain with respect
to correlation and standard deviation (the latter is nor-
malised to the standard deviation of the GPCP data).
This also applies to the horizontal distribution of error
measures with the exception of the Rocky Mountains
(see Figs. 7, 8 second row). The correlation is greater
than 0.6 over the largest part of the region. The dry ar-
eas on the north coast and in the southwest of Canada
form an exception. In the southwest, the Rocky Moun-
tains and the Pacific Coast Ranges start to diverge and
form the Great Basin further to the south which can
be clearly seen in Fig. 7. An area of low correlation
(< 0.2) is located over the Rocky Mountains. The corre-
lation, however, is higher over the Pacific Coast Ranges
(> 0.8). In the northern part where the Pacific Coast
Ranges and the Rocky Mountains close ranks, the cor-
relation is less but still higher than 0.6. However, this is
not reflected in the RMSE and the bias. These have high
values (> 75 mm/month) over the whole length of these
mountain ridges. The bias is positive in these areas, i.e.
the CLM predicts higher values than given by the GPCP
data. We might expect this to lead to a negative bias in
the lee of the mountains since most of the precipitation

falls on the windward side and over the mountain ridge.
However, this is not the case − the bias is still positive
on the eastern side of the mountains. There is a strong
indication, then, that the amount of water vapour being
transported into these regions is overestimated. A simi-
lar effect can be observed in Europe over Sweden in the
lee side of the Scandinavian mountains.

On the Canadian West Coast, the low pressure
systems approaching from the southwest hit the Pa-
cific Coast Ranges. The mean observed precipitation
over the ocean is about 100–150 mm/month. The bias
shown in the second row of Fig. 7 is rather small
(< 25 mm/month), along with a good correlation. Based
on this, we can assume a good representation of mean
precipitation in connection with low pressure systems in
CLM.

3.2 North America Region 1 (NA01)

The climate in the domain NA01 ranges from continen-
tal climates in the north to tropical climates in the south.
NA01 mainly covers the U.S. and Mexico. Major differ-
ences between CLM and GPCP occur over the moun-
tain ridges around the Great Basin, the Mexican High-
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Figure 6: Taylor diagram (TAYLOR, 2001) for CLM and GPCP

precipitation for different domains over the time period 2000–2004

(based on monthly data for each grid box).

lands and the coasts and oceans in the southern part of
the model domain (see Figs. 7 and 8 third row).

The low correlation over the Rocky Mountains in
Canada continues over into the United States. High cor-
relations exist over the Great Basin and the Pacific Coast
Ranges. Areas with low precipitation and low correla-
tion exist in the southwest of the domain. The mountains
stand out clearly in the bias values. Over the mountain
ridges enclosing the Great Basin, the Mexican High-
lands and the Appalachians, precipitation values in the
CLM simulations are higher than those from the GPCP
data.

An interesting feature shows up in the bias south of
the Great Lakes. The bias over the whole time period
in Fig. 7 less than 10 mm/month. However, the RMSE
shows values between 50–75 mm/month. The compen-
sating effect of negative and positive biases in autumn
and summer, respectively, can be seen in the figures for
different seasons (Fig. 8).

One main feature appearing over the oceans in the
southern part of the domain is a more general phenom-
enon that also appears in the domains discussed below.
This is the intensified precipitation over warm oceans.
The patterns of high positive RMSE in Fig. 7 are the
same as those of the SST in Fig. 2, which shows the skin
temperature in the NCEP reanalysis. This temperature
is used as a lower boundary in the CLM. The amount
of precipitation is systematically overestimated by about
50 %. Fig. 8 shows that this can be seen most clearly in
the summer months.

The NA01 and NA02 domains partly overlap. The
precipitation in these parts may differ due to the influ-
ence of their vicinity to the boundary zone of the model.

3.3 South America (SA01)

Due to its complex structure, this domain puts high
demands on the CLM. The Andes are a relatively narrow
but high mountain range along the west coast of South
America. Other regions include the tropical rainforest,
the Pampas, the Grand Chaco, and the Pantanal (which
turns into wetland during rainy seasons), to name only
a few. South America spans several climate zones from
10◦ North to 55◦ South.

The strong land-sea contrast in the precipitation bias
already found in the domain NA01 extends to the north
and east coast to 10◦ South of South America. On the
west coast, the cold Humboldt current prevents this oc-
curring over the Pacific. Here, the correlation is low be-
cause the model fails to simulate the small amounts of
precipitation in the dry region.

The amount of precipitation measured over land in
CLM simulation is lower than those observed in GPCP
for most parts of South America. However, the correla-
tion is higher than 0.6 over large areas. Over the Parana
catchment area and the adjacent South Atlantic, the cor-
relation is low and the bias is negative. The precipita-
tion patterns in the NCEP reanalysis give the same re-
sults (figure not shown). Since the CLM is nudged to-
wards the large scales of the NCEP reanalysis, we may
suppose that in this case the CLM results reflect those
in the NCEP reanalysis. However, an additional simula-
tion without spectral nudging needs to be performed to
prove this. As shown in Fig. 8, the negative bias persists
throughout the whole year.

Higher precipitation than actually observed is mainly
indicated over the mountain ranges (over the Guiana
Highlands and the Andes, with a maximum over the
Patagonian region). The bias has an annual cycle over
the central section of the Andes and is smallest in win-
ter (JJA).

3.4 Africa (AF01)

The domain covers tropical, dry and subtropical climates
in the southern and northern hemispheres between ap-
proximately 22◦ West and 25◦ East.

The greatest biases (up to 300 mm/month, see Figs. 7
and 8) occur over the Atlantic Ocean near the warm
Equatorial Current, where the maximum in the observed
rainfall (150–300 mm/month, see Fig. 3) also occurs.
The correlation over these areas is higher than over the
cold Benguela Current in the south and the cold Canaries
Current in the north, with associated low amounts of
rainfall.

The yearly mean precipitation amount over the Sa-
hel region is too high in the CLM simulations com-
pared to GPCP data. This is different from the values
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Figure 7: RMSE, bias, and correlation between CLM and GPCP in precipitation over the time period 2000–2004. Units are in mm/month.

Figures exclude relaxation zone.
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in the NCEP reanalysis, which display a negative bias
(not shown). The positive bias in the CLM results oc-
curs during the rainy season (in summer) as well as in
spring and autumn. KASPAR and CUBASCH (2008) per-
formed simulations with the same CLM version for this
region. Based on our results, they chose a bigger do-
main and different setup options for their model. They
tested different combinations of convection schemes and
cloud microphysics. The optimal combination was the
Tiedtke convection scheme and the two-phase cloud mi-
crophysics scheme. Differences from observations are
generally slighter in their results, and the wet bias over
the Sahel region does not exist.

During the summer South-West Monsoon, GPCP
shows a maximum in precipitation over the West African
mountain ranges and the highlands of the Adamaoua
Plateau (maxima > 300 mm/months). The values in the
CLM simulation are about 50 % lower. The Adamaoua
Plateau, the Jos Plateau and the mountain ranges in
Guinea, Sierra Leone and Liberia stand out clearly. Un-
like the results over the North American mountains, the
precipitation levels in the CLM results are lower than
observed. However, the precipitation process over the
North American mountains differs significantly from the
process over the African mountains in the AF01 domain.
Firstly precipitation in AF01 is mainly caused by con-
vection, whereas in NA01 and NA02 it is mainly large-
scale, and secondly the mountain ranges in NA01 and
NA02 are about twice as high as the mountains in AF01.

3.5 Asia (AS01)

The Asian domain AS01 is the largest of all seven do-
mains, extending from the equator to 55◦ North and
from 45◦ to 140◦ East. It covers the northern part of the
tropics, the South-East Asian monsoon climate regions,
the high altitudes of the Himalayas, the Tibetan Plateau
and the Gobi Desert.

The correlation pattern in Fig. 7 shows satisfying
values for the tropical monsoon climates between 10◦

and 25◦ North. The correlation decreases in the tropical
rain forest south of 10◦ North. The NCEP reanalysis
demonstrates a similar correlation (not shown). Lowest
correlations are over the dry areas that extend from the
Gobi Desert in central Asia to the Great Arabian Desert
in the southwest. As for the other domains, the RMSE is
lowest in the mid-latitudes.

The warm Indian Ocean determines the SST over
the entire ocean area in the southern part of the model
domain (see also Fig. 2). At first glance, precipitation
is overestimated over the warm ocean, as for the other
domains. However, this only applies to the rainy seasons
when the monsoon transports warm, moist air from the
south (see RMSE in Fig. 8). In the dry season, marked
by mainly northerly winds, the opposite is true. Over the
northern section of the Bay of Bengal, precipitation is
underestimated by the CLM. A detailed investigation of

the moisture transport process is necessary to examine
this process in follow-up studies.

In the wet summer months, the land-sea contrast is
reflected in the bias (Fig. 8), just as in the other domains.

Another striking feature is the large amount of rain-
fall over mountain ranges that are perpendicular to the
wind direction of the summer monsoon. For examples,
see the Western Ghats in India and the mountain ranges
in South-East Asia in Fig. 8. The bias is positive over
these mountains whereas it is negative in the Bay of
Bengal in the lee of the mountains. The overestima-
tion of precipitation over mountain ranges and warm
oceans seems to remove too much moisture from the at-
mosphere. As a result, less water vapour is transported
into other areas.

3.6 Australia (AU01)

Out of all domains included in this study, Australia is
the only one located entirely in the southern hemisphere.
Since large parts of Australia are arid regions, the overall
correlation is lower than for the other domains. The low-
est values appear over the Simpson Desert (see Fig. 7).

The RMSE decreases from north to south. The north-
ern part of Australia is dominated by a tropical savan-
nah climate. When the ITCZ (Intertropical Convergence
Zone) moves southward during summer in the southern
hemisphere (DJF), differences in the amount of rainfall
between CLM and GPCP and the land-sea contrast in
the bias are largest (see Fig. 8). A very striking example
of the land-sea contrast is the region around the Gulf of
Carpentaria. While the bias over the Gulf of Carpentaria
is positive, it is negative over Arnhem Land to the west
and the Cape York Peninsula to the east.

Precipitation over the western part and lower over
the eastern part of Australia is generally higher in the
CLM simulation than in the GPCP data set. The NCEP
reanalysis shows a north-south gradient with a positive
bias in the north and a negative one in central and
southern Australia.

3.7 Comparison to other RCMs in ICTS

Results from three other regional climate models are
presently available in ICTS. Two of these models, the
Canadian Regional Climate Model (CRCM; CAYA and
LAPRISE, 1999) and the Global Environment Multiscale
– Limited-Area Model (GEM-LAM; CÔTÉ et al., 1998)
stem from Canadian institutions, while the Regional
Spectral Model (RSM; JUANG and KANAMITSU, 1994)
was developed in the United States.

MEINKE et al. (2007) published a study on the per-
formance of the RSM in simulating precipitation over
the seven ICTS domains. They found similar results
as described for the CLM above. The largest over-
estimation occurred in high elevations and for tropi-
cal/monsoon climates.
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Figure 8: Bias between CLM and GPCP in seasonal precipitation over the time period 2000–2004. Units are in mm/month. Figures exclude

relaxation zone.

Fig. 9 shows examples of a domain including a trop-
ical climate zone (southern part of AS01) and an extra-
tropical domain (NA02). Convective precipitation dom-
inates the southern part of AS01 (see Fig. 5), whereas
grid-scale precipitation dominates the domain NA02.

Each of the four models simulates a higher amount
of precipitation over the mountain ranges on the Cana-
dian West Coast than given by the GPCP data set. The

position of the maximum bias is different. Most of the
precipitation in the CLM simulations falls on top of the
mountain range, whereas it falls on the wind side of the
mountains in the CRCM and GEM-LAM studies. This
indicates a possible dependency on the different numer-
ical schemes implemented in the models. The RSM is a
spectral regional model, which may explain the different
structure in the results compared to the other models.
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Figure 9: Monthly precipitation bias compared to GPCP for the regional climate models CLM, CRCM, GEM-LAM, RSM over the time

period 2000–2004. Units are in mm/month. Figures for CLM and CRCM exclude relaxation zone, whereas GEM-LAM and RSM include

the relaxation zone!

Table 4: List of acronyms.

Acronym Meaning

AMMA African Monsoon Multidisciplinary Analysis

BALTEX Baltic Sea Experiment

CEOP Coordinated Energy and Water Cycle Observation Project

CLM Climate Local Model

CRCM Canadian Regional Climate Model

GAME GEWEX Asian Monsoon Experiment

GAPP GEWEX Americas Prediction Project

GEM-LAM Global Environment Multiscale - Limited-Area Model

GEWEX Global Energy and Water Cycle Experiment

GPCC Global Prediction Climate Centre

GPCP The Global Precipitation Climatology Project

HOAPS Hamburg Ocean Atmosphere Parameters and fluxes from Satellite data

ICTS Inter-Continental Transferability Study

ITCZ Intertropical Convergence Zone

LBA Large-Scale Biosphere-Atmosphere Experiment in Amazonia

MAGS Mackenzie GEWEX Study

MDB Murray-Darling-Basin Water Budget Project

NCEP National Centers for Environmental Prediction

PIRCS Project for Intercomparison of Regional Climate Simulations

PRUDENCE Prediction of Regional scenarios and Uncertainties

for Defining EuropeaN Climate change risks and Effects

RMSE Root Mean Square Error

RCM Regional Climate Model

RSM Regional Spectral Model

SST Sea Surface Temperature

TRMM Tropical Rainfall Measuring Mission

Even though the main source of precipitation in trop-
ical climate zones is different from that over the moun-
tains on the Canadian West Coast (i.e. convective and
grid-scale, respectively), all four models also overes-
timate precipitation over the Western Ghats and the
mountain ranges in SE-Asia.

The pattern of the precipitation bias over the ocean
in tropical climate zones only agrees with the mod-
els for parts of the ocean. Southwest of India, all
models show a strong positive bias, whereas for in-
stance in the Bay of Bengal and in the south east-
ern part of the domain, the bias even changes sign be-
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tween the model results. This may partly be due to
the different convective schemes implemented in each
model (CRCM uses Bechthold-Kain-Fritsch, GEM-
LAM utilises Kain-Fritsch, and RSM employs a simpli-
fied Arakawa-Schubert scheme).

In conclusion, there are similarities between the four
models with regard to the precipitation bias over both
steep orography and tropical oceans. However, we can
only point this out at present. For a more in-depth inter-
pretation, sensitivity studies are needed, including stud-
ies of the influence of different convective schemes and
smaller grid mesh sizes.

4 Summary and conclusions

The present study assessed the quality of the CLM in
simulating the climate in seven regions of the globe,
focusing on the example of precipitation. All climate
zones of the earth were covered except for the polar cli-
mate zones. The aim was to find major issues and com-
monalities between the different regions. One result was
that the CLM performs similarly in regions with tem-
perate and continental climate as it does in Europe. We
also found two main issues which appear in several re-
gions. The first common feature is associated with trop-
ical climates where a sharp land-sea contrast shows up
in the bias. The precipitation amount over warm ocean
currents is consistently overestimated by the CLM in
all tropical regions except for areas of dry air advec-
tion (e.g. the Indian winter monsoon). Over land we ob-
served the opposite: the amount of precipitation in the
CLM simulations is lower than in the GPCP data set.
We certainly need a different model setup for tropical
climates, including appropriate parameterisations.

The second common feature is the positive bias
over high and narrow mountain ranges. Especially those
which are perpendicular to the main wind direction
(e.g. the Pacific Coast Ranges and Rocky Mountains in
North America, the Andes in South America, the West-
ern Ghats in India and the mountain ranges in South-
East Asia). Even though the feature is the same, the
kind of precipitation associated is different. In the moun-
tain ranges on the Canadian West Coast, precipitation
is mainly grid-scale, whereas over the Western Ghats it
is convective (see Fig. 5). Therefore the reason for the
overestimation is likely to be different. However, an ex-
planation can hardly be given on the basis of the ICTS
simulations presently available.

Both features can also be found in the results of three
other RCMs taking part in the ICTS experiment. The
inter-comparison of the RCMs stresses the importance
of the applied convection scheme.

From the results in this study, we can conclude that
in its standard setup the CLM should only be applied to
those regions on the globe which have similar climate
characteristics to Europe’s. For other climate zones, es-
pecially the tropics, a modified setup is necessary. There

are several options available for the CLM setup (e.g. dif-
ferent convection schemes, closure schemes and cloud
parameterisations). Future studies will have to investi-
gate which options are appropriate for which climate
zones − for instance, in the second phase of ICTS, sim-
ulations that will be performed with optimal set-ups for
the different domains.
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CÔTÉ, J., S. GRAVEL, A. MÉTHOT, A. PATOINE, M. ROCH,
A. STANIFORTH, 1998: The operational CMC-MRB
Global Environmental Multiscale (GEM) model. Part i: De-
sign considerations and formulation. – Mon. Wea. Rev.
126, 1373–1395.

DAVIES, H.C., 1976: A lateral boundary formulation for
multi-level prediction models. – Quart. J. Roy. Meteor. Soc.
102, 405–418.

DRUYAN, L., M. FULAKEZA, P. LONERGAN, 2007: Spatial
variability of regional model simulated June-September
mean precipitation over West Africa. – Geophys. Res. Lett.
34, L18709, DOI:10.1029/2007GL031270.

GRASSL, H., V. JOST, R. KUMAR, J. SCHULZ, P. BAUER,
P. SCHLUESSEL, 2000: The Hamburg Ocean-Atmosphere
Parameters and fluxes from Satellite data (HOAPS): A
climatological atlas of satellite-derived air-sea-interaction
parameters over the oeans. – Report No. 312, ISSN 0937-
1060, Max-Planck Institute for Meteorology, Hamburg.

HUFFMAN, G. J., R.F. ADLER, M.M. MORRISSEY,
D.T. BOLVIN, S. CURTIS, R. JOYCE, B. MCGAVOCK,
J. SUSSKIND, 2001: Global precipitation at one-degree
daily resolution from multisatellite observations. – J. Hy-
drometeor. 2, 36–50.

JAEGER, E.B., I. ANDERS, D. LÜTHI, B. ROCKEL,
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