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ABSTRACT

This study is a part of the APCC-PAGASA Regional Prediction System (APCC
-PRePS) project, aimed at providing valuable high-resolution seasonal forecasts
using downscaling techniques. In the first year of the APCC-PRePS project, the
purpose of this study is to evaluate the performance of regional climate models
and investigate their characteristics in simulating the climate of the Philippines.
Dynamical downscaling was carried out by the WRF, RegCM, and GRIMs-RMP with
the same horizontal resolution and domain for May-June—-July-August from 1986
to 2010. The results were evaluated by APHRODITE and ERA-Interim in terms of
climatological mean, interannual variability, and ENSO-related features.

On the whole, there is no single model that outperforms the others in all aspects
of simulated climate. The results show that the WRF is capable of reproducing the
climatological mean with a certain cold bias and spatial distributions of surface
temperature. The GRIMs significantly underestimates surface temperature due to
a poor representation of topography, but interannual variabilities are reasonably
reproduced. Rainfall anomalies in association with ENSO are well captured in the
WRF simulations, despite simulated regional circulations that are weaker than
observations. On the contrary, the GRIMs shows exaggerated circulations and a
slightly northward flow in the low-level wind, resulting in a northward precipitation
band. The RegCM simulates erroneous meridional flows, which causes difficulties

in reproducing the climate of the Philippines.
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1. INTRODUCTION

1. INTRODUCTION

The APEC Climate Center (APCC) aims to increase regional prosperity in the
Asia-Pacific region by providing the climate information service, seeking to protect
lives and property, reduce economic losses, and enhance economic opportunities.
APCC utilizes up-to-date scientific knowledge and applies innovative climate
prediction techniques to its climate prediction, interdisciplinary research, climate
information services, and international cooperation. To this end, APCC's mission
and vision are closely connected to the efforts of the Philippine Atmospheric,
Geophysical and Astronomical Services Administration (PAGASA) towards disaster

risk reduction.

As skillful seasonal forecasts are essential for natural resource management
and decision making, producing an accurate and precise high-resolution seasonal
forecast is more necessary than ever. Global climate models (GCM) have provided
useful climate information in the past, near present, and future, which is important
when assessing the potential impact of global climate change. However, GCMs
have coarse spatial resolutions, typically ranging from 100 to 250 km, which may
be inadequate in representing some regional climate features. Particularly in
archipelagic regions like the Philippines, topography, land use, and coastlines
need to be properly resolved in the model as these features affect climate on

a local scale.

Studies have shown that regional climate models (RCMs) can provide added
value to GCMs, especially for areas with complex topography and coastlines (Feser
et al. 2011). For the Philippines, RCMs have been used to examine historical climate
and downscaled climate projections (e.g., Im et al. 2008; Robertson et al. 2012).
For example, the Abdus Salam International Centre for Theoretical Physics Regional
Climate Model version 3 (RegCM3) was used to examine the summer monsoon
precipitation over the country and model sensitivity to lateral boundary conditions
and ocean flux schemes (Francisco et al. 2006). In addition, the UK Met Office
Hadley Centre Providing Regional Climates for Impacts Studies (PRECIS) model
and the Weather Research and Forecasting (WRF) model have been used to project

future changes in temperature and rainfall over the Philippines and in Southeast
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Asia (PAGASA 2011; Chotamonsak et al. 2011). Cruz et al. (2016) evaluated the
performance of the non-hydrostatic regional climate model (NHRCM) over the
Philippines and investigated the sensitivity to boundary conditions and convective

schemes.

Previous RCM studies on the Philippine climate have been limited to climate
projection or reproduction. The final goal of the APCC-PAGASA Regional Prediction
System (APCC-PRePS) project is to provide valuable high-resolution seasonal
forecasts using downscaling techniques. The plan is for the APCC-PRePS project
to be conducted over three years, from 2017 to 2019. In the first year of the
APCC-PRePS project, we conduct an intercomparison of regional climate models.
RCMs have their own characteristics due to varying dynamics and physical
processes. Therefore, it is necessary to investigate the performance of regional
climate models over the Philippines. This study is the first step in choosing an
RCM for operational use in the future. The purpose of this study is to evaluate
the performance of the regional models and investigate their characteristics in

simulating the climate of the Philippines.

Details on the APCC-PRePS project are given in the next section. In section
3, we present data and methodology, section 4 provides results from three regional
climate models, and in section 5 we summarize and discuss the results. Finally,

future plans are provided in section 6.
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2. APCC-PRePS PROJECT

The ultimate goal of this project is to increase the reliability of action plans
against possible climate-induced risks in the Philippines by delivering more detailed
seasonal prediction information. This will be achieved through the building and

installation of a downscaling system on the PAGASA supercomputer.

The APCC-PRePS project, scheduled for 3 years, consists of four steps, as

shown in Figure 1.
Strategic plans for each year are shown below.
s 1% year:
- Analyze the characteristics of regional climate models over the Philippines
- Intercompare the predictability of regional climate models
- Select the best model for the prediction system
« 2™ year:

- Perform sensitivity tests to boundary conditions, domains, and physics

using the selected model
- Investigate predictability
- Decide model configuration considering practical and operational aspects
« 3 year:

Produce hindcast

- Evaluate hindcast
- Test operation

- Run the operational system
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3. DATA AND METHODOLOGY

3.1 Models

We selected three regional climate models as candidates for the seasonal forecast
system—WRF, GRIMs, and RegCM—for intercomparison of simulations over the
Philippines. These models are flexible, easily accessible, and easy to use. Also,

previous studies have demonstrated their predictability over various regions.

The Weather Research and Forecasting (WRF) model v3.8, released in April
2016, was used in this study. The WRF employs fully compressible non-hydrostatic
equations with hydrostatic options, and WRF v3.3 has been used for numerical
weather prediction at PAGASA. It is developed as a collaborative effort among
several universities and federal research agencies in the USA. It is the next generation
of the PSU/NCAR fifth generation mesoscale model, known as MM5 (Chen and
Dudhia 2001; Barker et al. 2004; Ishak et al. 2013). The WRF has significant
improvement over the MM5 and includes recent physics parameterizations. The
WRE is designed to serve and support both atmospheric research and operational
forecasting needs (Dai et al. 2013; Islam et al. 2013; Srivastava et al. 2013a, b;
Islam et al. 2014).

The Global/Regional Integrated Model System (GRIMs; Hong et al. 2013) has
been created for numerical weather prediction, seasonal simulation, and climate
research projects, from global to regional scales. The primary version of global
and regional models is rooted in the NCEP seasonal forecast model (Kanamitsu
et al. 2002) and regional spectral model (Juang et al. 1997), but with subsequent
developments of model physics and dynamics, along with the re-configuration
of code structure. The model system is developed and practiced by taking advantage
of both operational and research applications. The regional part of the GRIMs,
namely RMP (hereafter GRIMs-RMP), has been successfully employed as a tool
to better understand the precipitation mechanisms of the Asian monsoon (Koo
and Hong 2010; Hong et al. 2012).

The latest version of the International Centre for Theoretical Physics (ICTP)
regional climate model, RegCM4 (Giorgi et al. 2012), is an upgrade of the model
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originally developed by Giorgi et al. (1993a, 1993b) and Pal et al. (2007). RegCM4
is a hydrostatic, compressible, and sigma-p vertical coordinate model. A
time-splitting explicit integration scheme is used, in which the two fastest gravity
modes are first separated from the model solution and then integrated with smaller
time steps. This allows the use of a longer time step for the rest of the model.
Essentially, the model dynamics is the same as that of the hydrostatic version
of MMS5.

3.2 Experimental Design

Dynamical downscaling is carried out by the WRF, GRIMs-RMP, and RegCM
with the same horizontal resolution and domain. Three sets of regional model
simulations were made over the maritime continent, focusing on the Philippines
(Figure 2a) with a 20-km grid resolution to resolve the forcing by local mountains
and coastlines. The models were driven by the NOAA optimally-interpolated sea surface
temperature (SST) analysis (Reynolds et al. 2002) within the model domain
(approximately 11 °S =30 °N, 94 °E - 152 °E) and six-hourly fields from the National
Centers for Environmental Prediction (NCEP) Climate Forecast System Reanalysis
(CFSR; Saha et al. 2010) as boundary conditions. Experimental designs for the
three regional models are shown in Table 1. The experiments were conducted
during the rainy season (May-June-July-August) from 1986 to 2010 to examine
the applicability of the RCMs in the Philippines.

For the model evaluation, gridded observation datasets have been used to
overcome limitations posed by sparse meteorological stations and missing data.
Simulated precipitation and surface temperatures obtained from experiments are
compared with the Asian Precipitation-Highly Resolved Observational Data
Integration Towards Evaluation (APHRODITE: Yasutomi et al. 2011). These datasets
are based on station records as well as pre-compiled datasets, and are only available
over land. The APHRODITE provides a detailed distribution of precipitation with
higher spatial and temporal resolutions (0.25° x0.25° and daily, respectively). Since
the APHRODITE dataset ends in December 2007, the time period for the analysis

of model results is set to 22 years, from 1986 to 2007. For evaluation, basic statistics
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such as temporal and spatial correlation are tabulated against the APHRODITE
data. To facilitate the validation of the simulated large-scale circulation by the
RCMs, ECMWF ERA-Interim (Dee et al. 2011) is used.
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In this section, the simulated features from the WRF, GRIMs-RMP, and RegCM

are intercompared and evaluated.

4.1 Climatological Features and Mean Biases

The simulated climate is compared to observations in terms of climatological
mean. The Philippines is a region close to the Asiatic mainland. Archipelagic
in nature, it is subdivided into three geographic regions: Luzon, Visayas, and
Mindanao. The climate of the place is predominantly controlled by topography,
with several islands, mountain ranges, and coastal plains; wind systems result from
the seasonal differential heating of neighboring continents and oceans. Rainfall
activity over the place was mainly due to mesoscale phenomena, such as rainbelts
associated with the intertropical convergence zone (ITCZ), the tail end of the cold
front, the northeast monsoon (locally known as ‘Amihan’), the southwest monsoon
(locally known as ‘Habagat'), semi-permanent high-pressure systems, and tropical
cyclones (Jose et al. 2002). Generally, its climate can be described as humid
equatorial, with marked high temperatures but with slight differences between
maximum and minimum temperatures, and tropical maritime, with uneven rainfall

distribution throughout the year and noticeable high annual rainfall.

Figure 3 shows seasonal mean large-scale circulations. The southwest monsoon,
or summer monsoon, commences from the Australian anticyclone during the
southern hemisphere winter. This migrating tropical air mass generally arrives
at the Philippines from the southwesterly direction as illustrated in Figure 3a.
The southwest monsoon brings heavy rains, which are concentrated over the western
coastal areas of Luzon and the Visayas. Thus, aside from tropical cyclones, it
is responsible for a great portion of the rainfall during the rainy season. The
WREF overestimates sea level pressure and temperature at 850 hPa, which results
in weak southwesterlies (Figure 3b). In the GRIMs runs, slightly stronger pressure
and lower temperature is presented (Figure 3c). The RegCM overestimates pressure

and underestimates temperature over the domain (Figure 3d).
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To compare the mean biases of the models, root mean square errors (RMSEs)
of large-scale circulation are calculated over the experimental domain (Figure
4). Differences between CFSR and ERA-Interim are also represented to determine
the effect of boundary conditions on simulated fields. The GRIMs shows a similar
profile as the CFSR, resulting in the smallest biases, with the exception of
temperature. Since a spectral nudging method is applied to the zonal and meridional
wind in the GRIMs runs, it can influence performance of the model. In the RegCM
runs, errors grow according to vertical level in height and wind (Figures 4b - 4d).
In particular, the error in the meridional wind is much larger than the other two
models (Figure 4d).

The climate of the Philippines is described as tropical and maritime. During
the summer season from June to August, the temperature over the country averages
about 28°C with lower temperatures over the mountainous areas in northwest
of Luzon island and the western section of Mindanao island (Figure 5a). Three
regional models tend to underestimate temperature (Figures 5b-5d). Particularly,
negative bias is most significant in the GRIMs (Figure 5¢) due to differences in
height between actual and model elevations. Compared to the WRF and RegCM,
terrain heights in the GRIMs are lower (not shown), which affects the simulated
temperature, e.g., higher temperature over the mountains. Since topography
represented in the model is not as sophisticated as actual geographical features,
the model does not resolve plain-mountain contrast. While the model temperature
is lower over basins surrounded by mountains, the model overestimates temperature
over mountainous areas. Therefore, it is necessary to adjust the model values
(over land points only) using a temperature lapse rate of 6°C km ™!, similar to

APHRODITE (Yasutomi et al. 2011), to provide real values of surface temperatures.

The seasonal and spatial variability in the Philippine climate is mainly driven
by rainfall, which is influenced by both local processes and large-scale systems,
e.g., the northeast and southwest monsoons, tropical cyclones, and the El Nifio
Southern Oscillation (Cruz et al. 2013; Villafuerte et al. 2014). In summer, the
southwest monsoon brings abundant rainfall over the western coast, particularly
over northwest Luzon, while the rest of the country receives at least 5 mm day’!

(Figure 6a). Three regional models capture the southwest monsoon and its associated
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high rainfall along the western coastline. However, all models tend to underestimate

rainfall in Luzon and Visayas due to weaker monsoonal flow (Figures 6b-6d).

4.2 Interannual Variability

In this section, we analyze the performance of three regional climate models
to capture the yearly variation in surface temperature and precipitation for each

month during summer.

Figure 7 presents the temporal evolution of temperature anomalies to measure
the interannual variability of the observed and simulated temperature over the
Philippines. Regardless of the land surface model applied to the model simulation,
all regional climate models simulate similar trends in each month of June, July,
and August. It results in similar correlation values for those months. While neither
model follows the observed trend in May (Figure 7a), the simulated temperature

anomalies show similar evolution in June and July (Figures 7b and 7c).

To examine the spatial distribution of temporal correlation coefficients,
temporal correlations are represented at each grid point in Figure 8. It is found
that the most predictive regions are the southern parts of Luzon and Visayas.
All of three models exhibit the highest correlation in July. Temporal correlations
for June and July for 22 summers are larger than the p-value of the 95% significance

level.

We investigate how well the spatial distribution of simulated temperatures
matches the observation in terms of the correlation, RMSE, and the ratio of variance.
The results are shown as a Taylor diagram in Figure 9. Spatial correlation coefficients
and standard deviations are calculated in each year from 1986 to 2007. Normalized
standard deviations of the models are represented by the ratio to the observation.
The WRF runs (blue circle) have similar variation to the observation. The GRIMs
(orange) shows relatively low variation compared to the WRF and GRIMs simulations.
The GRIMs and RegCM (green) runs exhibit a similar correlation of about 0.8
(Figures 9b-9d). The WRF simulations show the highest correlation of about 0.9
and the lowest RMSE.
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We compare precipitation anomalies of observation and three regional climate
models in Figure 10. Compared with the results from the other models, precipitation
anomalies simulated by the GRIMs follow observed trends except for July (Figures
10c and 10e). Although the RegCM vyields the best correlation value for July (Figure
100), it shows the lowest skill score for other months (Figure 10e). The correlation
of the WRF ranges from 0.1 and 0.2.

Compared with temperature, the temporal correlation of precipitation between
the model simulation and the observation is lower (Figure 11). The WRF has better
skill in the northern part of Luzon than in other regions, but it is not statistically
significant (Figure 11a). The GRIMs shows a high average correlation in Luzon
and Visayas (Figure 11b). In May, high correlation values exceeding the 95%
confidence level (0.44) are evident in the Philippines. The RegCM gives the lowest

rainfall anomaly correlation in May, June, and August (Figure 11c).

In terms of rainfall amount, the WREF exhibits the best performance (Figure
12a). Although the GRIMs represents the best temporal correlation skills, RMSE
is higher than the other two models (Figure 12b). It indicates that the model follows
interannual variability, but does not capture the amount of precipitation. Errors
are evident over the mountains in west Luzon and Mindanao, which are related
to the poor representation of topography in the GRIMs. The RegCM has large

biases along the west coast in Luzon (Figure 12c).

Spatial correlations and RMSE for simulated precipitation are not as high as
those for temperature (Figure 13). In several years, regional models show negative
correlations. The models show large variance in May but small variance in August.
All models show poor performance in July. Generally, the WRF runs show relatively

small variance and small RMSE compared to the other models.

4.3 ENSO—-Related Features

In this section, we investigate the performance of the model to simulate the
effect of El Nifio Southern Oscillation. El Nifio Southern Oscillation (ENSO) is the

most important source of interannual variability of rainfall in the Philippines and
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in many other areas of the world (Ropelewski and Halpert 1987; Allen et al. 1996).
The role of ENSO has influenced world history, and the association of warm episodes
in the Pacific Ocean and drought in the Philippines has been documented since
the mid-1980s (Jose 1989, 1990). While ENSO amplifies the variability, it also
provides predictability for this variability, which may be used in risk management.
ENSO-based forecasts can help people in regions affected by ENSO to be more
prepared and cope better with ENSO-related climate variability (Hansen 2002;
Jose 2002; Meinke et al. 2003).

The extreme phases of the ENSO phenomenon have a strong modulating effect
on seasonal rainfall in the Philippines, with mature ENSO warm events (El Nifio)
often associated with drought and stresses on water resources and agriculture,
while cold events (La Nifia) often result in excessive rainfall (Jose 2002; Lyon et
al. 2006). However, a number of sites in north-central Philippines show a summer
reversal in the ENSO rainfall signal (Lyon and Camargo 2009), in which wetter
than normal conditions persist during July to September, before the drier than
normal conditions in the later months of the year and the following year, associated
with El Nifio. The reverse is true during La Nifia years. Therefore, changes in
precipitation and associated circulation during July and August (JA) is analyzed

in this section.

The EN (El Nifio) and LN (La Nifia) events were identified using SST anomalies
averaged over the Nifio 3.4 region (5 °S -5 °N, 120 "W - 170 "W; Barnston et al.
1997), obtained from http://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/
ensostuff/ONI_v5.php. As a starting point, the observed precipitation data for
JA (July-August) during the 5 EN (1987, 1991, 1997, 2002, 2004) and 4 LN (1988,
1998, 1999, 2000) events between 1986 and 2007 were used to identify regions
with statistically significant rainfall anomalies across the Philippines (Figure 14).
A significant occurrence of above (below) average rainfall is seen under EN (LN)
conditions in the north-central Philippines (boxed region in Figure 14a, land areas
only), in agreement with previous results (Figure 14a). The WRF and RegCM simulate
the wet anomaly in the north-central Philippines in EN years (Figures 14b and
14d), whereas the GRIMs shows dry conditions (Figure 14c). In LN years, three

models present negative anomalies in the north-central regions. Thus, the wetter
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conditions in north-central Philippines are significant in the composite difference
of the WRF runs (Figure 14b). Although the GRIMs simulates wet conditions in
the Bicol region at a 95% confidence level, it demonstrates dry conditions in western
Visayas due to an underestimation of precipitation in EN years (Figure 14c). The
RegCM shows wetter conditions in the composite difference, but the difference

is not statistically significant (Figure 14d).

The monsoon trough is an important contributor to summer rainfall in the
Philippines. Previous studies have indicated that the western North Pacific monsoon
trough tends to be enhanced and extends southeastward during the onset phase
of EN events (Lander 1994; Wang and Zhang 2002; Lau and Nath 2006). Figure
15 shows the climatological mean location of the monsoon trough in July based
on the relative vorticity at 850 hPa. The trough extends from the South China Sea
eastward across the northern Philippines, then southeastward across the Philippine
Sea (Figure 15a). The change in intensity of the monsoon trough across the Philippines
and western North Pacific of both EN and LN vyears is found to primarily result

from changes in the zonal component of the low-level wind. That is,

’

§ = ou
oy

the anomalous relative vorticity at 850 hPa is approximately equal to the
meridional gradient of the anomalous zonal wind (Lyon and Camargo. 2009). Thus,
primary remote forcing to the Philippines is associated with an anomalous cyclonic
(anticyclonic) circulation over the western North Pacific during JA of EN (LN) years.
A band of anomalous westerlies (easterlies) across the WNP increases (decreases)
the monsoon flow across the north-central Philippines, while the horizontal shear
of this flow is associated with a deepened (weakened) monsoon trough. The trough
is weakened (strengthened) in the vicinity of the Philippines during the fall of
EN (LN) events, which also indicates a departure from the zonally-elongated banded
structure seen in July as the anomalous anticyclone (cyclone) develops over the
Philippines during EN (LN). These features help explain why the reversal in the
ENSO rainfall signal is confined to the relatively narrow region of the north-central
Philippines.

Consistent with previous studies (Wu et al. 2003; Wang et al. 2003; Juneng
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and Tangang 2005), the composite anomalies for EN years shows an anomalous
cyclonic circulation centered east of the Philippines near 15 °N with anomalous,
largely off-equatorial, low-level westerlies extending from the Indochina Peninsula
eastward over the Philippines (Figure 15a). These anomalies indicate an enhancement
of the summer monsoon flow over the central Philippines, favoring increased rainfall
given a substantial interaction of the low-level flow with local topography in the
region (Chang et al. 2005). In LN vyears, the pattern is generally opposite that
of the EN composite with anomalous easterlies over the central and southern

Philippines opposing the zonal component of the monsoon flow.

The WRF produces a similar location for the monsoon trough as the ERA-Interim,
which extends from the South China Sea to northern Philippines (Figure 15b).
While the observed trough extends southeastward across the north-central
Philippines, the simulated trough extends slightly northeastward. In EN years, the
cyclonic circulation is well captured, but the positive core is located around 10 °N.
In the GRIMs simulation, a band of positive relative vorticity is not significant
as in the observation, but extends southeastward (Figure 15c). For EN years, the
center of the positive relative vorticity is not clear, which results in weak cyclonic
circulation. This is related to underestimation of precipitation in western Visayas in
EN vyears (see Figure 14c). Though the WRF (GRIMs) underestimates (overestimates)
negative relative vorticity in LN years, both models well capture anticyclonic
circulation over the Philippine Sea (Figures 15b and 15c). The RegCM shows a
very weak trough in the climatological field (Figure 15d), and it fails to simulate

the anomalous circulations in both EN and LN vyears.

Previous work has shown that over the north-central Philippines, the total
moisture flux tends to be enhanced (reduced) in July to September of EN (LN)
years (Juneng and Tangang 2005: Lyon et al. 2006). The horizontal wind vector
I and specific humidity g at 850 hPa were decomposed as the sum of the
climatological mean and anomalous components. The anomalous moisture flux

may be written as the sum of three terms,

(q V)II, = q{l VII, + q{l VVC + (q{l V(I, >(I, (1)
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where the subscripts 2 and ¢ denote the anomalous and climatological values,

respectively.

The first term on the right-hand side of Eq. (1), the anomalous 850-hPa wind
(V,) acting on the climatological specific humidity field (g.), is by far the main
contributor of the total anomalous flux (Figure 16). In July of EN years, a band
of enhanced westerly moisture flux centered north of the equator extends from
the South China Sea across the central Philippines to the tropical Western North
Pacific (Figure 16a). A generally opposite pattern with reversed direction is seen
for the composite LN. Both the WRF and GRIMs reproduce a band of enhanced
westerly moisture flux in EN years and reversed flow in LN years (Figures 16b
and 16¢). On the other hand, the RegCM shows unusual southerlies in EN and
northerlies in LN years (Figure 16d).

The second term in Eq. (1), the contribution of anomalous specific humidity
(¢,) on the moisture flux by the climatological wind (V,) has a much smaller
magnitude than the first term (Figure 17). It reinforces the first term across the
central Philippines during both EN and LN years (Figure 17a). This result indicates
that the enhanced (reduced) monsoon flow across the central Philippines during
JA of EN (LN) years also has slightly higher (lower) moisture content than the
climatological mean. This is consistent with the sign of the rainfall anomalies
shown in Figure 15, although this analysis cannot discern causality (e.g., increased
rainfall in JA of EN years would serve to moisten the atmosphere in its own right).
Compared to observations, the contribution of the anomalous specific humidity
on the moisture flux by the climatological wind is not significant in the WRF
simulation in neither EN nor LN years (Figure 17b). In the GRIMs simulation, the
reinforcement by the second term in Eq. (1) is distinct over the South China Sea
both in EN and LN years (Figure 17c). However, the enhanced monsoon flow is
located westward, compared to observations, resulting in overestimated
(underestimated) precipitation over northern Luzon in EN (LN) years (See Figure
14c). The RegCM simulates very erroneous flow both in EN and LN years (Figure
17d), which is related to large RMSE in the meridional wind (See Figure 4d).
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The last term in Eq. (1), the anomalous eddy moisture flux (g, V,), does not
significantly contribute to the anomalous flux during JA, being considerably smaller
than the second term (not shown). Overall, this analysis indicates the primary
role of the anomalous low-level wind field in determining moisture flux changes
across the Philippines during ENSO events. Similar to the wind field anomalies
in Figure 15, the largest anomalies in the 850-hPa moisture flux are generally

located over the central Philippines.
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5. SUMMARY AND DISCUSSION

This study was performed as the first step of the APCC-PAGASA Regional
Prediction System (APCC-PRePS) project. The final goal of the APCC-PRePS project
is to provide valuable high-resolution seasonal forecasts using downscaling
techniques. In this year, we conducted an intercomparison of regional climate
models to evaluate the performance of the models and investigate their
characteristics in simulating the climate of the Philippines. We selected three regional
climate models as candidates for the seasonal forecast system: WRF, GRIMs, and
RegCM. Three sets of regional model simulations were made over the maritime
continent, focusing on the Philippines with a 20-km grid resolution. The models
were driven by the NOAA optimally-interpolated sea surface temperature (SST)
analysis and six-hourly fields from the National Centers for Environmental Prediction
(NCEP) Climate Forecast System Reanalysis (CFSR) as boundary conditions. The
experiments were conducted during the rainy season (May-June-July-August) from
1986 to 2010 to examine the applicability of the RCMs in the Philippines.

The simulated features from the WRF, GRIMs-RMP, and RegCM were
intercompared and evaluated in terms of climatological mean, interannual variation,
and ENSO-related features. Overall, the GRIMs reproduced large-scale features.
This is expected because a spectral nudging technique (Hong and Chang 2012)
is applied only in the GRIMs simulation. The application of spectral nudging permits
the retention of large-scale information resolved by the global model (or reanalysis)
in the regional model. The regional model can add smaller-scale information to
the large-scale solution. Although all models showed a cold bias in the Philippines,
simulated temperature by the WRF was the closest to the observation. The common
biases in the simulated precipitation were the underestimation in Luzon and

overestimation in Mindanao.

The simulated surface temperatures agreed reasonably well with observed trends
in each month except for May. Similar to the climatological mean, the WRF well
reproduced the spatial pattern of temperature with the smallest RMSE. The biases
in the simulated precipitation were larger than temperature. In the GRIMs run,

the interannual variability of monthly precipitation averaged over the Philippines
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agreed well with observations for most months, and predictive regions with
statistical significance were relatively distinct from the other models. However,
notable errors were shown in the mountainous regions, related to the poor

representation of topography in the GRIMs.

The ENSO-related variations in summer precipitation and regional circulation
were also analyzed. All models reproduced the features in the La Nifia years than
those in the El Nifio years. The WRF simulated wet conditions over the north-central
Philippines in the El Nifio years, which results in significant differences between
El Nifio and La Nifla events. The anomalous low-level wind response across the
western north Pacific plays a role in increasing (decreasing) the moisture flux
into the north-central Philippines during July-August in the El Nifio (La Nifia) years.
This flow was well simulated in the WRF runs. The GRIMs also presented these
regional circulations, but simulated locations were slightly shifted. Therefore, the
associated rainfall anomalies moved northward. The RegCM simulations showed
erroneous flow both in El Nifio and La Nifia years, and failed to capture these

anomalous circulations.

On the whole, each model has advantages and disadvantages in reproducing
the climate over the Philippines. Selecting the best model that outperforms the

others is difficult. Nevertheless, we can suggest the following:

1) The WRF shows relatively better performance in simulating the absolute

value (not anomaly) of surface temperature and precipitation.

2) The GRIMs shows relatively better performance in reproducing the
interannual variability of surface temperature and precipitation. However,

GRIMs runs show deficiencies due to poor representation of topography.

3) The RegCM shows erroneous flow in low level. If we want to use the model
in the prediction system, we have to check the associated large-scale

circulations.



| Development of APCC-PAGASA Regional Prediction System (APCC-PRePS) over the Philippines

6. FUTURE PLANS

APCC and PAGASA plan to have a meeting every year during this project.
In the next meeting, we will choose the model for the seasonal prediction system
based on the results of this year. We must consider the most expected components
for seasonal forecast in the Philippines (e.g., intensity, frequency, amount,

onset/offset).

The next step of the APCC-PRePS project is to optimize and deliver the
downscaling system for seasonal prediction. To do that, we will conduct a sensitivity
test using a selected model. We are designing several experiments to consider
aspects such as boundary forcing, ensemble method, domain, and resolution. We
will discuss this detailed plan with PAGASA.
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TABLES AND FIGURES

Table 1. Experimental design
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Initial & body (Saha et al. 2010)
Dynamical core Non-hydrostatic Hydrostatic Hydrostatic
! SAS Emanuel
ParCacr)T?gteeCr)iﬂzC;?ion (Han [:ri\jN PiﬁSZOH) (Park and Hong 2007; (Emanuel and
Byun and Hong 2007) | Zivkovic-Rothman 1999)
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Py (Hong et al. 2004) (Hong et al. 1999) (Pal et al. 2000)
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(Hong et al. 2006) (Hong et al. 2006) (Holtslag et al. 1990)
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Land surface | (Chen and Dudhia 2001; | (Yhang and Hong 2008; (Dickinson et al. 1993)
Ek et al. 2003) Ek et al. 2003) '

Inter-comparison: Select a RCM

Sensitivity test: Optimize a system

Hindcast: Evaluate predictability

Forecast: Operation

Figure 1. Steps for the APCC-PRePS project.
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Figure 3. MJJA mean sea level pressure (shaded, hPa) and 10-m wind (vector, m s™), and temperature
(shaded, K) and wind (vector, m s™") at 850 hPa from (a) ERA-Interim reanalysis and difference
between ERA and (b) WRF, (c) GRIMs, and (d) RegCM simulations.
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RegCM during 22 vyears. Significant values exceeding the 95% (0.444) and 99% (0.561)
confidence level (# test) are shaded.
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Figure 9. Taylor diagram of simulated 2-m temperature for (a) May, (b) June, (c) July, and (d) August.
Spatial correlation and standard deviation for 22 years are calculated. Blue, orange, and green
circles are WRF, GRIMs, and RegCM, respectively.
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Figure 10. Time-series of precipitation anomaly averaged over the Philippines for (a) May, (b) June,
(©) July, (d) August, and (e) temporal correlation.
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Figure 11. Temporal correlation of precipitation anomaly simulated by (a) WRF, (b) GRIMs, and (c)
RegCM during 22 years. Dotted area indicates the 95% significance levels. Significant values
exceeding the 90% (0.378), 95% (0.444), and 99% (0.561) confidence level (¢ test) are
shaded.
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Figure 12. 22-year mean RMSE of precipitation anomaly simulated by the (a) WRF, (b) GRIMs, and
(c) RegCM.
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Figure 13. Taylor diagram of simulated precipitation for (a) May, (b) June, (c) July, and (d) August. Spatial
correlation and standard deviation for 22 years are calculated. Blue, orange, and green circles
are WRF, GRIMs, and RegCM, respectively.
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Figure 14. JA (June-July) Precipitation anomalies (mm day™) of El Nifio years (EN; 1987, 1991, 1997,
2002, 2004), La Nifia years (LN; 1988, 1998, 1999, 2000), and composite difference (EN -
LN). Dotted areas in composite difference indicate statistical significance level (95%).
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Figure 15. Relative vorticity (shaded, s x10°) and wind (vector, m s™') at 850 hPa for July for
climatology, and anomalous vorticity for El Nifio and La Nifia years of (a) ERA-Interim, (b)
WRF, (c) GRIMs, and (d) RegCM simulations.
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Figure 16. Horizontal moisture flux composite anomalies at 850 hPa (vectors; m s™') associated with
the product of the anomalous wind (¢,) and climatological specific humidity (77,) and moisture
convergence anomalies at surface (shaded; gk's ') during July for EI Nifio (EN) and La Nifia
(LN) vears of (a) ERA-Interim, (b) WRF, (c) GRIMs, and (d) RegCM simulations. Blue (red)
area is convergence (divergence).
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Figure 17. Horizontal moisture flux composite anomalies at 850 hPa (vectors) and their magnitude (shaded;
gkg 'ms") associated with the product of the anomalous specific humidity (g,) and dimatological
wind (V) during August for El Nifio (EN) and La Nifia (LN) years of (a) ERA-Interim, (b) WWRF,

(c) GRIMs, and (d) RegCM simulations.
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