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Summary

The latest version of the Abdus Salam International Centre
for Theoretical Physics (ICTP) regional model RegCM
is used to investigate summer monsoon precipitation over
the Philippine archipelago and surrounding ocean waters,
a region where regional climate models have not been
applied before. The sensitivity of simulated precipitation
to driving lateral boundary conditions (NCEP and ERA40
reanalyses) and ocean surface flux scheme (BATS and
Zeng) is assessed for 5 monsoon seasons. The ability of the
RegCM to simulate the spatial patterns and magnitude of
monsoon precipitation is demonstrated, both in response to
the prominent large scale circulations over the region and to
the local forcing by the physiographical features of the
Philippine islands. This provides encouraging indications
concerning the development of a regional climate modeling
system for the Philippine region. On the other hand, the
model shows a substantial sensitivity to the analysis fields
used for lateral boundary conditions as well as the ocean
surface flux schemes. The use of ERA40 lateral boundary
fields consistently yields greater precipitation amounts
compared to the use of NCEP fields. Similarly, the BATS
scheme consistently produces more precipitation compared
to the Zeng scheme. As a result, different combinations
of lateral boundary fields and surface ocean flux schemes
provide a good simulation of precipitation amounts and
spatial structure over the region. The response of simulated
precipitation to using different forcing analysis fields is

of the same order of magnitude as the response to using
different surface flux parameterizations in the model. As a
result it is difficult to unambiguously establish which of the
model configurations is best performing.

1. Introduction

During the last decades regional climate models
(RCMs) have been used to study climate processes
over various regions of the world (Giorgi and
Mearns, 1999). Most RCM studies to date have
focused on continental regions, such as the United
States (e.g. Giorgi et al., 1994), Europe (e.g. Jones
et al., 1995), East Asia (e.g. Kato et al., 1999),
South Asia (e.g. Bhaskaran et al., 1996), South
America (e.g. Seth and Rojas, 2003) and Africa
(Jenkins, 2002; Sun et al., 1999). Only a few stud-
ies have been carried out over archipelagoes, such
as Indonesia (Aldrian et al., 2004), and in fact no
RCM studies are available for the Philippines,
a country characterized by extremely complex
physiographical features (Fig. 1).

Situated just off the southeastern sector of
the Asian continent, the largest island of the
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Fig. 1. Model domain (enclosed by box) with annual rainfall
distributions for the four types of climate of the Philippines

Philippines, Luzon, is located in the northern part
of the archipelago and is oriented from north to
south with a width of about 250 km. This island
has varied geographical features: the northern
portion is characterized by a mountain range with
a peak as high as 2700 m along the western
coastal areas and a mountain range of 1400 m
altitude along the eastern coasts. The two ranges
are divided by the Cagayan valley. The central
portion of Luzon has extensive plains, while the
southern portion is volcanic with rough to hilly
terrain. The second largest island, Mindanao, has
mountain ranges in its northern and southern
coastal areas. Consisting of approximately 7,100
islands and islets, the Philippines is surrounded
by the Pacific Ocean to the east, the South China
Sea to the west, the Bashi Channel to the north
and the Sulu and Celebes Sea to the south.
Extending from about 4.7°N to 22.5°N, the
country is exposed to the influence of the inter-
tropical convergence zone, tropical cyclones and
subtropical anticyclones. The southwest monsoon,
the northeast monsoon, the north Pacific trades
and the ENSO phenomena influence the climate
of the region.

The climate of the Philippines is classified
by the Philippine Atmospheric, Geophysical and
Astronomical Services Administration (PAGASA)
according to the distribution and amount of
rainfall throughout the year. Figure 1 shows the
annual cycle of precipitation over four sites rep-
resentative of each climate type as derived from

data for the period of January 1961 to December
1990. Type I climate has 2 pronounced seasons:
dry from November to April and wet during
the rest of the year. These station locations have
westerly exposure and are influenced by the
southwest monsoon which starts in May, reaches
its maximum intensity in August and retreats in
October. Type II has no dry season, with pro-
nounced rainfall from November to January.
These areas have easterly exposure and are sub-
ject not only to the trades and easterlies, but also
to the northeast monsoon which starts in October
and lasts until March. Type III has no pro-
nounced seasonal cycle, although it is relatively
dry from November to April and wet during the
rest of the year. Lastly, Type IV has rainfall more
or less equally distributed throughout the year.
McGregor and Nieuwulf (1998) recognize only
3 main seasons according to major airstreams:
northeast monsoon, the north Pacific trades and
the southwest monsoon seasons.

Because of the fine scale features of the
Philippine physiography, high resolution RCMs
can be especially useful tools to study climate
processes over the region. On the other hand, as
mentioned, the performance of these models has
not been extensively tested there. Therefore, as a
first step towards the development of an RCM for
the Philippine region, in this paper we present an
analysis of the performance and sensitivity of an
RCM over a domain including the Philippine
archipelago and surrounding ocean waters.

In this work we use the latest version of the
Abdus Salam International Centre for Theoretical
Physics (ICTP) regional model RegCM (Pal et al.,
2005) and we focus on summer monsoon precip-
itation, which Fig. 1 shows to be high in all the
different climate regimes of the region. As re-
commended by Giorgi and Mearns (1999), the
first step in the development and testing of an
RCM is to use initial and lateral driving bound-
ary conditions from analyses of observations
in the so-called “perfect boundary condition™
mode. Such experiments allow us to identify
and possibly ameliorate deficiencies in the model
physics and systematic biases in the model con-
figuration. Based on these premises, in our simu-
lations we use analyses of observations to drive
the regional model.

Current analyses of observations can be char-
acterized by substantial errors in the tropics,
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particularly in the moisture fields and over ocean
areas, due to the paucity of observing data
(e.g. Trenberth, 2001). This may be an important
source of uncertainty in our model development
effort, and therefore we test the model sensitivity
to two sets of available analysis fields, those from
the NCEP-NCAR reanalysis (National Center
for Environmental Prediction—National Center
for Atmospheric Research; Kistler et al., 2001)
and those from the ECMWF ERA40 reanalysis
(European Centre for Medium-range Weather
Forecast; Troccoli and Kallberg, 2004).

Giorgi and Mearns (1999) point out that an
RCM simulation can be also sensitive to a num-
ber of factors, such as domain size and location,
resolution and choice of physical parameteriza-
tions. In terms of domain sensitivity, the study of
Bhaskaran et al. (1996) indicates that over trop-
ical Asia this may not be a dominant factor.
Concerning resolution, we selected the highest
affordable one capable of capturing the main
physiographic features of the Philippine archipe-
lago (see Sect. 2). Finally, the RegCM has options
to use a number of different physics parameter-
izations (Pal et al., 2005; Giorgi et al., 1993a, b).
A comprehensive assessment of the model sensi-
tivity to these schemes is outside the purpose of
this paper. Instead, we selected one physics sen-
sitivity analysis which is of particular relevance
for this region and relatively new for the RegCM,
that is the model sensitivity to different surface
ocean-atmosphere flux schemes.

Other details concerning the observing data
used for model validation, the model configura-
tion and the experiment design are described in
the next section.

2. General description of the model
and experiment design

The version of RegCM used here was originally
developed by Giorgi et al. (1993a, b), but several
of its components have undergone substantial
changes as detailed in Pal et al. (2005). The model
is hydrostatic and uses sigma vertical coordi-
nates. Compared to the version of Giorgi et al.
(1993a, b), this model version includes upgrades
in the radiative transfer calculations (Giorgi et al.,
1999) and in the resolvable scale precipitation
calculations (Pal et al., 2000). For convective
precipitation we use here the scheme of Grell
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Fig. 2. Model topography over the Philippines

(1993) with the Fritsch—Chappell closure (Fritsch
and Chappell, 1980), while land surface process-
es are described by the Biosphere-Atmosphere
Transfer Scheme (BATS). The RegCM includes
a number of additional features (Pal et al., 2005)
which are however less important to this study.

The RegCM uses 18 sigma levels with model
top at 100 mb. The domain encompasses the inner
area enclosed by the box in Fig. 1 with a hori-
zontal grid point spacing of 30 km. The model
topography over the Philippines, our region of
interest, is shown in Fig. 2. At this resolution
the main topographical features of the two largest
islands of the Philippines are captured. Also cap-
tured are many of the islands of intermediate
size. The USGS Global Land Cover Characteri-
zation (GLCC) dataset (Loveland et al., 2000) is
used to generate the model land surface types.
The sea surface temperatures (SST) for the ex-
periments are from the NOAA optimum interpo-
lation SST analysis and are produced weekly on a
one-degree grid.

We focus our study on summer monsoon precip-
itation, which occurs from June through August,
and simulate 5 monsoon seasons: 1991, 1996,
1997, 1998 and 1999. This set includes two
El Nino summer conditions, 1991 and 1997; two
La Nina summer conditions, 1998 and 1999, and
a normal year, 1996. Each simulation starts on
April 25 and ends on September 1. The first
36 days of simulation (April 25-May 31) are
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however not included in the analysis to allow for
model spin up.

The observational analyses used to derive initial
and lateral meteorological boundary conditions
are the NCEP-NCAR and the ERA40 reanalyses.
The NCEP-NCAR reanalysis is a retroactive re-
cord of more than 50 years of global analyses of
atmospheric fields in support of the needs of the
research and climate monitoring communities
(Kistler et al., 2001). It involves the recovery of
land surface, ship, rawinsonde, aircraft, satellite
and other data. Although the data assimilation
system was kept unchanged over the reanalysis
period, the reanalysis is still affected by changes
in the observing system, which may cause ar-
tificial jumps and trends, particularly after the
beginning of the assimilation of satellite data
(Trenberth et al., 2001).

The ERA40 reanalysis is available from the
Data Services of the European Centre for
Medium-Range Weather Forecasts (ECMWF).
It includes 6-hourly data from September 1957
to August 2002 and it also involves a comprehen-
sive use of satellite data, starting from the early
Vertical Temperature Profile Radiometer data in
1972 and later including TOVS, SSM/I, ERS
and ATOVS data. The most serious problem di-
agnosed in the ERA40 reanalysis is excessive
tropical oceanic precipitation in the later years,
particularly after 1991 (Troccoli and Kallberg,
2004). The analysis is moistened over tropical
oceans by the assimilation of HIRS and SSM/I
data. The moistening is rejected by the assimilat-
ing model in the subsequent background fore-
casts, leading to higher rainfall rates over the
tropical oceans than produced by the model when
run either in climate-simulation mode or in the
pre-satellite data assimilation mode.

2.1 Computation of ocean surface flux

One of the new features in the RegCM is the
availability of two parameterizations of ocean-
atmosphere exchanges of momentum, heat and
moisture. Because most of our domain is covered
by water, it can be expected that the simulation is
sensitive to the formulation used to describe such
exchanges. In the Giorgi et al. (1993a, b) version
of the model, ocean-atmosphere fluxes are calcu-
lated as part of the BATS package using a stan-
dard drag coefficient formulation. The surface

drag coefficient depends on the local vertical sta-
bility as measured by the bulk Richardson num-
ber, Rig, and on the surface roughness length, z,,
which is given a constant value of 0.0004 m.
The Richardson number Riy is a dimensionless

measure of near surface stability and is given
by

~ 8zA0(z)
COV2(z) (1)

where Af(z) is the potential temperature differ-
ence between the surface and the lowest model
level at height z, g is gravity, 6 is the potential
temperature of the lowest model layer and V(z) is
the wind speed at height z.

The drag coefficient is the same for momentum,
heat and moisture and is given by (Dickinson
et al., 1993).

For Riz<O:

Cp = Con (1.0 24,5,/ —CDNRiB) )

For Riz >0

Rip

where Cpy is the neutral drag coefficient
Cpy = K /[In(z/2,))? (4)

The surface fluxes of momentum, 7, latent
heat, LH, and sensible heat over ocean are
defined by

7= CpV(2)pa (5)
SH = —p,CpV(z)C,AT
LH = —p,CpV(z)Aq (6)

where AT and Agq are the temperature and moist-
ure difference between the surface and the bot-
tom model level.

In addition to the BATS scheme, the RegCM
includes the ocean surface flux paramerization
of Zeng et al. (1998), which also employs a drag
coefficient-based bulk aerodynamic algorithm. In
this case, however, the roughness length for mo-
mentum (z,,) is derived from Smith (1988) as

2
v
zoza1ﬁ+a2— (7)
8 ok
where v is the kinematic viscosity of air, px is
the surface friction velocity, and a;, a, are coeffi-
cients equal to 0.013 and 0.11, respectively.
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Table 1. List of simulations performed

Driving boundary Ocean flux

fields scheme
NCEP_Z NCEP Zeng
NCEP_B NCEP BATS
ERA40 Z ERA40 Zeng
ERA40_B ERA40 BATS

The roughness length for humidity (Brutsaert,
1982) is given by

% = bRe'/* + by (8)
2oq

where b; and b, are constant coefficients with
values equal to 2.67 and —2.57, respectively,
for wind speed in the range of 0.5-10ms~'.
Rex = pxz,/v is the roughness Reynolds number.
The roughness length for the sensible heat flux is
assumed to be the same as that for the latent heat
flux. For the computation of variables such as the
friction velocity, ux, the reader is referred to
Zeng et al. (1998).

The primary differences between the BATS
and Zeng ocean flux schemes are that 1) in the
Zeng scheme the roughness length is not constant
but varies with the friction velocity and thus the
state of the ocean surface; and 2) different rough-
ness lengths are used for momentum and heat/
moisture transfer. Zeng et al. (1998) showed that
the introduction of the new parameterization is
especially important over warm tropical oceans
(such as in our experiments) where, compared to
BATS, the Zeng scheme produces lower and more
realistic evaporation rates.

In summary, for each of the 5 selected mon-
soon seasons we perform the set of four experi-
ments reported in Table 1, which were designed
to test the model sensitivity to driving analysis
fields and to ocean flux scheme. This leads to a
total of 20 simulations.

2.2 Observations used for model validation

Most of our analysis focuses on the simulation of
precipitation. To validate the model results we
use different datasets. First, we have available
observing data for 40 stations of the PAGASA
observing network (see Fig. 5c). Note that this
network is rather sparse and most of the stations
are located in low elevation areas and along the
coasts of the Philippine islands. This does not

provide information about the island interiors,
in particular over mountainous regions. Another
station-based dataset we utilize is that developed
by the Climatic Research Unit (CRU) of the
University of East Anglia (New et al., 2000). This
consists of gridded monthly precipitation data on
a 0.5° regular latitude-longitude land-only grid.
Although the CRU dataset encompasses all land
areas, for station-sparse regions an horizontal in-
terpolation is performed from neighboring avail-
able stations (New et al., 2000). This implies that
the CRU data over station-void mountainous
regions (such as the interior of the Philippine
islands) are not very reliable. A third source of
observed data is the Climate Prediction Center
merged analysis of precipitation (CMAP), which
is an analysis of global monthly precipitation on
2.5° x 2.5° grid derived from gauge observations,
satellite estimates and numerical model predic-
tions. Although of coarse resolution, this dataset
offers the advantage of providing data also over
ocean areas, which comprise the largest portion
of our domain. They thus provide an important
tool for model validation.

3. Results and analysis

3.1 Effects of NCEP-NCAR vs. ERA40
re-analysis boundary driving fields

Figure 3a shows the precipitable water and mean
moisture flux over the full model domain from the
NCEP reanalysis. The data are JJA averages over
the whole set of 5 simulated monsoon seasons.
The moisture flow over our region mostly comes
from the south. One branch of the flow, asso-
ciated with the development of the East Asia
monsoon, travels over the South China Sea and
reaches the northern portions of the Philippines
from a southwesterly direction. Conversely, the
air stream that reaches the southern Philippines is
directly from the south and is drier (as seen from
the specific humidity field).

The NCEP and ERA40 precipitable water and
moisture fluxes are compared in Fig. 3b, which
shows the difference between the two reanalysis
fields. It is clear that the NCEP reanalysis is
characterized by generally lower levels of at-
mospheric specific humidity over the region. In
addition, greater southerly flow is found in the
ERAA40 reanalysis in the southern regions of the
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Fig. 3(a, b). Precipitable water in mm (shaded) and moisture flux in kgm~2 (m/s) (arrows) averaged for JJA and for the 5
simulated years for NCEP reanalysis (a) and difference between NCEP and ERA-40 reanalyses (b)

domain and greater moisture convergence over
the South China Sea. All these features suggest
that the ERA40 boundary fields yield conditions
more favorable for precipitation in the RegCM
compared to the NCEP boundary fields.

Figure 4a, ¢ compare the 5-year average JJA
precipitation over the whole domain in the
NCEP_Z and ERA40_Z experiments and in the
CMAP observations. In the observations two
areas of intense precipitation are observed. One
has a pronounced maximum west of the northern
Philippines over the South China Sea and corre-
sponds to the southwesterly monsoon moisture
flow shown in Fig. 3a. The other main area of
precipitation extends over the western pacific
east of the Philippine archipelago and is related
to the southerly moist flow over this region. Rela-
tively dry conditions are found in the southern
Philippine islands and surrounding ocean areas.

Both the NCEP_Z and ERA40_Z simulations
capture the observed large scale patterns of pre-
cipitation, in particular the two wet monsoon
branches and the dry conditions in the southern
Philippine region. Although the patterns of pre-
cipitation are generally similar in the two sets
of simulations, the precipitation amounts are
consistently higher in the ERA40_Z than in the
NCEP_Z experiments. This result is consistent

with the moisture flow fields of Fig. 3. In par-
ticular, the NCEP_Z simulation underestimates
precipitation over both the South China Sea and
the western Pacific regions, while the ERA40_Z
experiment reproduces well the maximum over
the South China Sea but overestimates the
western Pacific precipitation. Over the southern
Philippine ocean areas both simulations appear to
somewhat underestimate precipitation.

Table 2 reports the observed and simulated av-
erage precipitation over the interior domain as
defined by the inner box of Fig. 4. Also reported
is the corresponding average surface evaporation.
It can be seen that precipitation is about 52%
greater in the ERA40_Z than the NCEP_Z ex-
periments and it is much closer to observations
in the former. The average evaporation values in
the two experiments are very close to each other,
so that this difference in precipitation can be
entirely attributed to the initial and boundary
field forcing. Note that a similar precipitation
enhancement in the ERA40 driven run compared
to the NCEP driven run is found when using the
BATS ocean flux scheme (experiment ERA40_B
and NCEP_B).

Focusing now on the Philippine region, Fig. 5
shows the 5-year average JJA precipitation from
the NCEP_Z and ERA40_Z simulations along with
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Fig. 4(a, b, ¢). Full domain JJA (5-year av.) precipitation in
NCEP_Z, ERA40_Z and CMAP

observations from the PAGASA stations and the
CRU dataset. Over the Luzon Island in the north-
ern Philippines the model captures the strong to-
pographically induced maximum over the western
coastal regions, both when driven by the NCEP
and ERA40 reanalysis fields. Between the two
simulations, the precipitation amounts over this
region are substantially greater in the ERA40-

driven run, in excess of 10—15mm/day. These
values appear in line with the limited station data
available for the western coasts of Luzon
(Fig. 4c). The model also captures the secondary
maxima over the eastern coastal regions of Luzon,
with dry conditions in the island’s interior. Note
that the relatively smooth CRU data only present
one maximum positioned towards the center of
the Island.

Over the central and southern islands the
model produces a number of localized maxima
in correspondence to the local mountain features.
These are difficult to validate due to the relatively
coarse resolution of the observed data and to the
lack of available mountain stations. The drier
conditions of the southern islands, particularly
Mindanao, compared to Luzon are, however, well
simulated by the model.

Table 2 compares the simulated and observed
S-year average precipitation either interpolated to
the station locations (when compared to the
PAGASA stations) or for the entire Philippine
land area (when compared to the CRU data).
Precipitation in the ERA-driven runs is consis-
tently higher than in the NCEP-driven ones, by
68% to 79% when using the Zeng scheme and
by 54% to 58% when using the BATS scheme.
Similarly to what is found for the full domain
precipitation, although the precipitation amounts
are substantially higher in the ERA-driven runs,
the spatial patterns of precipitation over the
Philippine islands are similar in the two sets of
simulations (see Fig. 5). This is evidently because
these patterns are mostly determined by the sta-
tionary forcing of topography and coastlines.

Figure 6 compares the observed and simulated
interannual variability of JJA precipitation for the
whole interior domain, the station location values
and the Philippine gridded land area. In general,
the interannual variability for the simulation years
is not pronounced, both for the interior domain
and the Philippine land areas, even though years
with opposite El Nino phases were selected.
A greater variability is found when looking at the
PAGASA station values. In agreement with ob-
servations, the model also shows low interannual
variability, both when using the ERA40 and the
NCEP reanalyses. The variability in the model,
however, is somewhat greater than in the observed
datasets and a predominant consistency is found
between the NCEP_Z and ERA40_Z runs when
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Table 2. Simulated and observed 5-year average precipitation

Interior domain (mm/day)

Philippines (mm/day)

Precipitation Evaporation Precipitation (gridded) Precipitation (stations)
STN OBS 8.0
CRU 7.64
CMAP 8.15 7.80
NCEP_Z 5.64 4.48 5.64 59
NCEP_B 8.13 5.36 9.50 10.6
ERA40_Z 8.59 4.58 9.50 10.6
ERA40_B 12.48 5.73 14.62 17.0
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looking at year-to-year variations. In most cases,
consistency is found also between the simulated
and observed direction of year-to-year anomalies,
in particular when comparing the model results
with the CRU and CMAP datasets.
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Fig. 5(a, b, ¢, d). Philippine JJA precipi-
tation (5-year av) in NCEP_Z, ERA40_Z,
STATIONS and CRU

3.2 BATS vs. Zeng ocean flux scheme

Figure 7a—d show the 5-year average JJA pre-
cipitation in the NCEP_B and ERA40_B experi-
ments, both for the whole domain (Fig. 7a, b) and
for the Philippine region (Fig. 7c, d). These
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should be compared with the analogous runs using
the Zeng ocean flux scheme shown in Figs. 4 and
5, respectively. From this comparison it is evi-
dent that the spatial fields of precipitation, both
over the broad domain and over the Philippine
sub-domain are similar in the two sets of runs,
but that the use of the BATS ocean flux formula-
tion leads to consistently higher precipitation
amounts. When averaging over the interior do-
main, Table 2 indicates that use of the BATS
scheme leads to an increase in precipitation of
about 45% in the interior domain when using
both the ERA40 and NCEP driving reanalysis
fields. This sensitivity is slightly lower than the
precipitation sensitivity to the ERA40 vs. NCEP
driving fields. For the Philippine land areas the
sensitivity of BATS vs. Zeng schemes is the same
as that of ERA40 vs. NCEP fields.

In order to better understand the cause of the
precipitation difference induced by the BATS and
Zeng schemes, Table 2 presents the 5-year JJA
average surface evaporation averages over ocean
surfaces in the interior domain region. The sur-
face evaporation in the BATS runs is higher than
in the Zeng runs by 0.88 mm/day (NCEP runs)
and 1.15mm/day (ERA40 runs), corresponding
to increases of 20% and 25%, respectively. This
increase in evaporation from the ocean areas
accounts only for about 30-35% of the increase
in precipitation. This implies that the model re-
sponds non-linearly to the increased moisture in-
put from the ocean surface. Calculations of the
sensible heat fluxes from the oceans revealed that
these are not very different between the BATS and
Zeng runs (not shown). In addition, the greatest
portion of the increase in precipitation between
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Fig. 7(a, b, ¢, d). JJA precipitation (5-year av.)
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the two schemes occurred as non-convective pre-
cipitation. Therefore, a non-linear mechanism
can be envisioned in which the additional eva-
poration induced by the BATS scheme increases
the moisture content of the atmosphere, which
leads to greater precipitation amounts and greater
release of condensational heat. This in turns in-
creases upward motions and thus further intensi-
fies precipitation.

Our results from the comparison of the BATS
and Zeng schemes are consistent with those of
Zeng et al. (1998), who also found that the Zeng
scheme reduced surface evaporative fluxes and
precipitation over warm tropical oceans. In terms
of interannual variability, Fig. 6 suggests that
the BATS simulations exhibit greater interannual
variations than the Zeng simulations, particularly
when using the ERA40 driving fields. This,
however, may just be tied to the fact that the
ERA40_B configuration is characterized by the
largest precipitation amount, and typically for
precipitation, mean and variability are related.
It should be stressed that the model response to
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Philippines only

the ocean surface scheme is amplified by the use
of prescribed SST. If a coupled ocean model was
used, the ocean surface would also respond to the
modified evaporative flux by cooling and thus
decreasing evaporation and leading to a negative
feedback mechanism that would inhibit the model
response.

3.3 Overall assessment of the model
sensitivity to driving boundary large scale
fields vs. ocean flux parameterization

Figures 4-7 and Table 2 can be used to provide
an overall assessment of the model sensitivity to
driving boundary large scale fields vs. choice of
ocean flux parameterization. First, the BATS
scheme consistently increases precipitation com-
pared to the Zeng scheme and, similarly, the use
of ERA40 driving fields consistently yields greater
precipitation amounts compared to the use of
NCEP driving fields. The model precipitation
sensitivity to these two factors is of similar mag-
nitude and compounds quasi-linearly when mea-
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sured as percentage precipitation change. As a
result, the NCEP_Z model configuration is the
driest of the set, while the ERA40_B config-
uration is the wettest, with the NCEP_B and
ERA40_Z configurations lying approximately in
between and having precipitation amounts gen-
erally close to each other. Although the precipi-
tation amounts can be quite different across the
full set of experiments, the spatial structure of
simulated precipitation does not change substan-
tially, being driven by the large scale circulations
over the region and by the topographic forcing of
the Philippine islands.

Comparison with different observation data-
sets shows that precipitation is substantially
overestimated in the ERA40_B and underes-
timated in the NCEP_Z experiments, so that,
at least for our region, these two configurations
do not appear to provide realistic results. Com-
parison with the CMAP data for the entire
domain interior indicates that the NCEP_B and
ERA40_Z configurations provide a good simu-
lation of precipitation amounts and spatial struc-
ture. Over the Philippine land areas, simulated
precipitation in these experiments is greater than
in both the station observations and the CRU
gridded dataset. However, this overestimate is
likely amplified by the lack of high elevation
stations both in the PAGASA dataset and in
the CRU climatology. We thus hypothesize that
also over the Philippine land areas the model
provides a reasonable simulation of precipita-
tion amounts.

It is difficult to assess which of the NCEP_B
and ERA40_Z configuration leads to more realis-
tic results. As mentioned, the spatial precipitation
patterns over the Philippine Islands are similar in
the two simulations, being mostly driven by the
local topography. The large scale precipitation
patterns are also generally similar in the two runs
and in line with what is indicated by the CMAP
observations, with the exception of an overesti-
mate by ERA40_Z of precipitation over the wes-
tern Pacific. In addition, Fig. 6 shows that the
relative performance of the two model configura-
tions varies from year to year. From the direct
comparison of 5-year average fields with the
CMAP data (Fig. 4), the NCEP_B run appears
to provide the highest quality simulation, how-
ever the scheme of Zeng et al. (1998) is physi-

cally more advanced and realistic than the ocean
flux representation in BATS.

4. Summary and conclusion

This study presents an analysis of precipitation
in a set of simulations of 5 monsoon seasons over
a domain covering the Philippine archipelago
and surrounding oceans. The model sensitivity
to driving lateral boundary conditions (NCEP
and ERA40 reanalysis) and ocean surface flux
scheme (BATS and Zeng) has been assessed.
Overall, the model shows a good performance
in simulating the spatial patterns and the magni-
tude of monsoon precipitation over this region,
in response to both the prominent large scale cir-
culations over the region and the local forcing
by the physiographical features of the Philippine
islands. This provides encouraging indications
concerning the development of a regional climate
modeling system for the Philippines.

On the other hand, the model shows substan-
tial sensitivity to the forcing boundary analysis
fields as well as the ocean surface flux scheme,
with different combinations of these factors pro-
viding good matches to observations. This has
important implications concerning the choice of
model configuration for use in climate studies.
In this regard the sensitivity to the ocean flux
scheme is not critical, since a scheme can be
chosen based on its physical soundness and
comprehensiveness.

The model sensitivity to boundary reanalysis
fields is however more troublesome. As already
discussed, perfect boundary condition experi-
ments are routinely used to evaluate the perfor-
mance of RCMs. These experiments rely on the
assumption that the forcing boundary fields pro-
vide a good representation of the large scale
circulations, temperature and moisture over the
region of interest. We have seen in this paper that
the NCEP and ERA40 reanalyses provide mark-
edly different descriptions of moisture amounts
and fluxes over southeast Asia, and this has
profound effects on the model simulation of
precipitation. This disparity between ERA40
and NCEP fields is likely due to the paucity of
observing data over this region, which implies
that the analyzed fields rely more on the models
used to produce the analysis rather than the
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assimilation of observations. Because of the pau-
city of observations, it is also difficult to ascer-
tain which of the two analyses is of better quality
over the region.

In our experiments, the effect of using differ-
ent boundary analysis fields is of the same order
of magnitude as that of using different surface
flux parameterizations in the model. This adds
an element of ambiguity in the assessment of
the best performing model configuration, since
errors in the simulations are not only due to the
internal model physics, but also to uncertainties
in the boundary fields. The similarity of the per-
formance by the NCEP_B and ERA40_Z experi-
ments is a typical example of such ambiguity.
Without additional information, it would be es-
sentially impossible to claim that one surface
flux scheme is better performing than the other.
Such situation is likely common in tropical re-
gions, where observations are less densely avail-
able than in mid-latitude continental regions.
This adds a strong element of uncertainty in the
development and evaluation of RCMs over tropi-
cal regions.
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