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Abstract

This study describes the newly developed high-resolution (0.01°, 1 km) gridded daily rainfall
dataset of the Philippines (ClimGridPh-RR). ClimGridPh-RR was achieved by combining the
daily rainfall data from 52 synoptic stations of the Philippine Atmospheric, Geophysical and
Astronomical Services Administration (PAGASA) with GPM/IMERG satellite rainfall estimates
(RFE) covering the period 2001-2020. Multiple merging-interpolation techniques were tested
to select the best method to use in combining in situ and satellite RFEs. Leave-one-out cross-
validation revealed that simple bias adjustment and modified Shepard performed best; hence,
selected to generate the resulting gridded dataset. Point-to-grid comparison of daily rainfall
relative to 15 independent stations indicated that ClimGridPh-RR outperforms other existing
gridded datasets. Results also showed that the ClimGridPH-RR captures the general rainfall
patterns of the country obtaining the highest correlation and lowest root mean squared error.
Furthermore, ClimGridPh-RR best
particularly the tail of the probability density function corresponding to heavy rainfall events.

represents the observed daily rainfall distribution,

ClimGridPh-RR dataset has been made available online for use in various applications.

Background & Summary

Spatiotemporal continuity of rainfall data is

essential for addressing many

hydrometeorological challenges. In the
Philippines, a tropical maritime archipelago for
which climate is best described by rainfall,
national and local levels of climate-directed
actions and plans for various socio-economic
sectors are highly reliant on rainfall
information™”, hence, the demand for an
underpinning rainfall dataset of high spatial
coverage and continuous temporal span. The
Philippine Climate Extremes Report® further
stressed the need for a high-resolution rainfall
dataset, as well as for other significant climatic
variables, in the context of climate variability
and climate change analyses, highlighting the
importance of a more localized climate

analysis.

Like in many other countries, the rainfall data
in the Philippines is conventionally being
taken from the point measurements provided
by the countrywide network of rain gauge
However,

stations®. in situ data possess

constraints on its spatial extent and its
temporal coverage. The uneven distribution
and the sparsity of the available stations in the
distant

locations. The history of relocations and

country inflict data paucity for
termination of weather stations in the country
also poses data inhomogeneity*. Continuous
data in the form of interpolated grids are often
preferred as they provide estimates on the
data-sparse areas and timeline®®. In data
interpolation, a plethora of techniques is
available; however, there is no established

corroboration of one superior
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technique as results vary depending on the
dataset characteristics. Factors such as the
data’s geographical and temporal density, the
interest, and the

climatic variable of

sophistication of the chosen interpolation
method itself should be considered™. In the
Philippines, a previous study evaluated various
interpolation techniques for rainfall and found
that ordinary kriging (OKR) best represents
rainfall distribution’. However, it is important to
reiterate the evaluation of the interpolation
techniques to be used in another application,
especially when considering a varied data
input (i.e., data quality, network density, the
territorial context of the study, the
climatological variable of concern, etc.) and
expected output (i.e, the desired spatial
resolution, time scale, and span, etc.) as the
resulting

interpolated dataset is highly

affected by these factors’.

Aside from the option of interpolating the
standalone in situ data, the preference for
gridded data
makes data users resort to other existing and

in the research community
commonly used gridded datasets and high-
resolution precipitation products such as the
Tropical Rainfall Measuring Mission (TRMM)
Multi-satellite Precipitation Analysis
(TMPA)®", which is widely used in the

tropics™"

, as well as its transitional product -
the Integrated Multi-satellitE Retrievals for
Global
TMPA,

especially in representing complex

Precipitation Measurement™. The

however, has accuracy issues

topographies such as areas with high
elevation, river basins, and those along the
coast™. This inaccuracy can be attributed to
the indirect nature of the satellite
measurement (i.e., algorithms taking cloud top
reflectance or thermal radiance as the source
of RFEs)

overpasses™ .

and the frequency of satellite
On the other hand, IMERG
research products have improved estimation
of the magnitude of light and heavy rainfall
events during wet/dry seasons over the
Philippines compared to TRMM", but still
yields underestimated measurements for peak

rainfall events'.

The limitations of in situ data in its
spatiotemporal availability and the satellite
RFEs in its inaccuracy can be addressed by
merging these datasets to ultimately fill the
data gaps of the former and correct the biases
of the latter. In this study, we developed a
high-resolution daily gridded rainfall dataset
for the Philippines (hereafter ClimGridPh-RR),
the first of its kind in the country. ClimGridPh-
RR was constructed by merging the in-situ
rainfall observations and the IMERG RFEs to
produce rainfall data all throughout the
country at a spatial resolution of 0.01° x 0.01°
(=1 x 1km) for the period 2001-2020. As part of
the validation process, ClimGridPh-RR was
compared with other existing gridded rainfall
relative to

products independent

meteorological stations’ observations. This

newly developed high-resolution dataset



provides the basis for further applications
such as scientific studies on climate change
analysis and impact assessment, hydrological
conservation,

modelling, and ecological

among others.

Methods

In-situ Data

In this study, the daily-observed rainfall data
were retrieved from 55 synoptic (SYNOP)
stations of the Philippine Atmospheric,
Geophysical and Astronomical Services
Administration (PAGASA). In SYNOP stations,
rainfall observations are done at main
standard time (00:00, 06:00, 12:00, 18:00
Universal Time Coordinated (UTC)), as well as
during intermediate standard time (03:00,
09:.00, 1500, and 21.00 UTC), as
recommended by the World Meteorological
Organization. Daily rainfall data is referred to
as the 24-hr rainfall accumulation taken as the
sum of observations from 06:00 UTC of a
particular day to 00:00 UTC of the following
day®’. The SYNOP rainfall data of PAGASA
underwent three levels of quality control (QC)
which data
completeness, consistency, and physical limit

procedures, include
check, initially at the stations where the
observations taken. Then, further
checking is done at the PAGASA-Central
Office Global
Telecommunication System, and prior to

were

before sending to the

archiving at the Climatology and
PAGASA®,

Additional QC procedures of in situ rainfall

Agrometeorology  Division  of

data as a prerequisite for data merging and
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Figure 1. Topographic map of the Philippines showing the
locations of PAGASA synoptic ~ (SYNOP)  and
agrometeorological (AGROMET) stations used in this study.

other supplementary processes” were
employed such as station profile check, to
ensure that the station ID and coordinates are
consistent with the updated locations of the
stations, and limit check, which was aimed at
that

climatological extremes, ie., greatest daily

removing values are outside the
rainfall computed based on at least three
consecutive 10-year period. Out of the 55
SYNOP stations, 52 were finally included in the
development of the new gridded data (Fig. 1),
so that no stations have more than 20% of
missing daily rainfall observations for the
period from 2001 to 2020.
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Figure 2. Station and satellite data merging process for the generation of the ClimGridPh-RR.



Auxiliary Datasets

To construct the gridded rainfall data, SYNOP
station data are merged with satellite RFEs
Global
Measurement (GPM) mission initiated and
collaborated by NASA Goddard Space Flight
Center and Japan Aerospace Exploration

derived from the Precipitation

Agency. The daily accumulated precipitation
product used in this study is the GPM Level 3

IMERG version 06 final daily
(GPM_3IMERGDF) 0.1° x 0.1°, which was
derived  from  half-hourly  precipitation

retrievals™ . This dataset was obtained from
the NASA Goddard Earth Sciences (GES) Data
and Information Services Center (DISC) and
details are found on its repository. The 1 arc-
minute global relief model dataset (ETOPOT1)*
which was downloaded from the National
Geophysical Data Center, is the digital
elevation model data used in the kriging
method and during the data merging process

implemented in this study.

In-situ & Satellite Data Merging

As an initial step taken to merge the in situ
and satellite data, multiple combinations of
merging and interpolation techniques were
applied to the most recent five-year of
analysis period (from O1 January 2016 to 31
December 2020), where the best merging-
interpolation technique was selected. Then,
the ClimGridPh-RR (i.e, the long-term daily
gridded rainfall dataset from 2001 to 2020)
was derived using the identified best merging-
interpolation technique. The methodology
employed in this study adopted the merging-
interpolation methods used in Dinku et al.* and
Siebert et al?', which is a three-step process
illustrated in Fig. 2. First, spatial downscaling

DOST-PAGASA (2024) | ClimGridPh-RR

of raw satellite RFEs to a higher spatial
resolution of 0.01° (=1 km) is done by bilinear
interpolation. Next, biases of the downscaled
RFEs
climatological bias factors derived from the

satellite were  corrected  using

quality-controlled in situ data. The bias-
corrected time series of the satellite RFEs are
then merged with the contemporaneous
SYNOP station observations using the ten
combinations of merging-interpolation
techniques: simple bias adjustment® (SBA),
regression kriging®? (RK), and Cressman?***
148 (CSC) and Barnes?”?® schemes (BSC),
Inverse Distance Weighted® (IDW), ordinary
kriging®*° (OKR), modified Shepard® (SHP),
and spheremap®*** (SPM). In general, the
methods used in merging the station and
satellite data is an additive model given by

equation (1),
m = f(G,S) + h(residuals) (1)

where m is the merged daily rainfall data, G
and S are satellite RFEs and SYNOP station
data,
representing the spatial trend, h is the

respectively; f is a function
interpolation function, and residuals are the
differences between the observed values
and the predicted values from f. For
combinations involving SBA, CSC, and BSC
methods, f is the identity function and
residuals are the differences between the
station and satellite data. For the RK
techniques, f is a generalized linear model
and residuals are the residuals of the
model. Residuals are interpolated and the
spatial trends are predicted on the grids of

the input satellite data.
5
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Selection of Data Merging and
Interpolation Techniques

To select the most suitable combination of
data merging-interpolation techniques, leave-
(LOOCV) s
employed for the gridded rainfall datasets
the different
methods for the initial analysis period of 2016-
2020. In LOOQCV, for a total number of n
stations, one station is set aside for validation

one-out cross-validation

generated  using merging

and then the merging is performed using the

remaining n-1 observations. The merged

rainfall value at the discarded station is
extracted, and the process is repeated n
times, leaving out each observation at the end
of the procedure. The grid values of the
datasets are then extracted at the station
SYNOP
A comparison of the
the different

methods

locations and validated against

stations  values.
performances of merging-
interpolation employed  was

assessed using the generated five-year

datasets relative to station observations.

The statistical metrics used in the evaluation
of different merging-interpolation techniques
include continuous scores, i.e., Pearson
correlation coefficient (R), root mean squared
error (RMSE), and percent bias (PBIAS). The
degree of linear association between the
merged and observed values is measured by
R; RMSE evaluates the performance of the
merging-interpolation method representing
absolute error among the gridded datasets,
whereas PBIAS provides information about the
average amount of deviation from station
values as a percentage of its absolute value. In

addition, categorical measures are computed

6

to make a more comprehensive evaluation of
the detecting ability of the gridded rainfall
estimates from the generated datasets against
the reference station observations, including
probability of detection (POD), success ratio
(SR), frequency bias (FBS),
success index or threat score (CSI/TS). POD
infers about the fraction of the observed rain

and critical

events (daily rainfall events with at least 1 mm)
that were correctly detected by the gridded
datasets, whereas SR is used to measure the
fraction of estimated rain events that were
correctly observed, and FBS is utilized to
compare the frequency of observed and
estimated rain events. CS| is computed to
check the correspondence among the
observed and estimated events that were

correctly predicted.

Performances of the
Merging-Interpolation
Combination Techniques

Table 1 summarizes the statistical

obtained from the LOOCV for the
analysis period of 2016-2020. The simple bias
Shepard
interpolation (SBA-SHP) showed a relatively
high correlation of 0.76, a low RMSE of 12.74
mm/day and lowest PBIAS of -0.05, with the
highest threat score of 0.56 and low FBS of
1.23. The overall good performance of the

scores
initial

adjustment and modified

SBA-SHP merging-interpolation
indicated by both its
categorical

technique,
continuous and
then
considered to produce the resulting 20-year

statistical scores, was

gridded rainfall dataset.
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Table 1. Continuous and categorical statistical scores obtained by each of the 10 combinations of merging-interpolation techniques
employing leave-one-out cross-validation against in situ observations for the period of 2016-2020. The best values for each

statistical measure are in boldface.

Data Merging Methods

Statistical
Measure SBA- SBA- SBA- SBA- SBA- SBA- RK- RK- RK- RK-
SHP SPM IDW OKR BSC CSC SHP SPM IDW OKR
R 0.76 0.76 0.77 0.77 0.76 0.76 0.74 0.48 0.73 0.73
PBIAS -0.05 0.08 1.20 1.82 0.10 -0.25 6.38 13.89 10.27 9.81
RMSE 12.74 12.92 12.60 12.61 12.87 12.89 1337 2382 1418 14.04
POD 0.80 0.79 0.82 0.82 0.80 0.80 0.85 0.84 0.79 0.79
SR 0.65 0.65 0.64 0.64 065 065 055 053 058 058
CsSl 0.56 0.56 0.56 0.56 0.56 0.56 0.50 0.49 0.51 0.50
FBS 123 1.22 127 1.28 1.22 1.22 155 1.58 1.35 1.37

Most merging-interpolation techniques give  Lowest performances are observed for

moderate to high values of correlation ranging
from 0.48 to 0.77. SBA-SPM also shows good
with  SBA-SHP in
estimating daily rainfall as indicated by its

performance along
continuous statistical scores, followed by the
other SBA combinations, BSC, CSC, and RK
combinations. Good performance is also
established in terms of rain detection ability of
other SBA combinations and Barnes and
Cressman schemes, having the highest threat
scores of 0.56. Although FBS does not
the gridded data
correspond to the in situ observations, the
FBS of SBA-SPM, CSC and BSC (1.22) are the

the merging-interpolation
which exhibit their

tendency to overestimate frequency of rain

measure how well

lowest among

combinations, slight

events.

gridded datasets generated using regression
kriging techniques, having lowest correlation
values ranging from 0.48 to 0.74, highest
RMSE of 6 to 14 mm/day, as well as poor
categorical scores with relatively low CSI
(0.49-0.51), and slight overestimation of daily
rainfall as indicated by PBIAS values from 6.4
to0 13.9.

Generally, the statistical metrics obtained by
those interpolation methods involving simple
bias adjustment are close to each other. This
may partly be due to the uniform number of
SYNOP stations included in merging and the
interpolation parameters used (e.g., number of
stations within the radius and other auxiliary
variables like elevation). In this respect, a
the
interpolation techniques using grid point

comparison  of different  merging-
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values, which were extracted at 15
independent PAGASA agrometeorological
(AGROMET) stations (see Fig. 1), was further
conducted. Similar to SYNOP stations, 24-hr
rainfall observations are also recorded at

AGROMET stations taken at 06:00 UTC of a

articular day to 00:00 UTC of the following
day. It is important to note that these
independent stations, like the SYNOP stations,
underwent quality control (QC) processes;
however, were not used in the development of

the ClimGridPh-RR.

Data Records

The ClimGridPh-RR dataset contains gridded rainfall data at a daily time step for the period
from 01 January 2001 to 31 December 2020 at 0.01° (=1 km grid spacing) spatial resolution. It is
freely available online in NetCDF format in the DOST-PAGASA website through the CliMap

V2.0 platform using the following link: https://www.pagasa.dost.gov.ph/climate/climate-

change/dynamic-downscaling/climap-v2. This dataset spatially covers the land areas in the
Philippines, bounded by latitudes between 2°N and 25°N and longitudes from 100°E to 135°E.
Daily files are merged into yearly NetCDF files. There are 20 files provided with file size ranging
from 313 MB to 361 MB, and a total file size of ~6 GB. The dataset will further be updated as in

situ data become available.

Technical Validation

Validation Using Independent Station Data and
Comparison with Other Gridded Datasets

To further assess the performance of the
ClimGridPh-RR, a point-to-grid comparison of
daily rainfall relative to independent stations
using the AGROMET stations was performed
against other existing gridded datasets for the
common analysis period of 2001-2015. In this
analysis, comparison of the daily rainfall data
relative to 15 AGROMET stations against the
ClimGridPh-RR daily rainfall data is performed
along with four other existing satellite-based
and rain-gauge derived gridded rainfall
datasets (Table 2) for their overlapping
temporal span of 2001-2015. The gridded
rainfall datasets analyzed in this study include
the  Asian
Observational Data Integration Towards

Precipitation-Highly-Resolved

8

Evaluation or the APHRODITE Monsoon Asia
v1101 daily rainfall data®, the Climate Hazards
Group InfraRed Precipitation with Stations
version 2.0 data (CHIRPS)*, the Climate Data
Record of Prediction  Center
(CMORPH)*  high-
resolution daily global precipitation estimates

Climate
Morphing Technique
Oceanic and

version 1 of the National

Atmospheric ~ Administration, and  the
Climatologies at High resolution for the Earth’s
Land Surface Areas (CHELSA) W5E5 version
1.0¥. Comparisons of the gridded datasets are
presented

using Taylor and categorical

performance diagrams®.


https://www.pagasa.dost.gov.ph/climate/climate-change/dynamic-downscaling/climap-v2
https://www.pagasa.dost.gov.ph/climate/climate-change/dynamic-downscaling/climap-v2
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Table 2. Summary of the gridded datasets used for compared with the ClimGridPh-RR in this studly.

Gridded Dataset Spatial Resolution Product Type Source
APHRODITE 0.25° interpolated rain gauges Yatagai et al.**
CHELSA 0.009° reanalysis + rain gauges Karger et al.”’
CHIRPS 0.25° satellite + rain gauges Funk et al.*
CMORPH 0.25° bias-corrected satellite Xie et al.*

The maps of annual mean rainfall illustrating
the comparison among the gridded rainfall
products with respect to station observations
show that ClimGridPh-RR generally captures
the spatial distribution of annual mean rainfall
in the Philippines (Fig. 3). The highest rainfall
regions can be seen prominently in the
eastern coasts of the country, as well as in the
northwestern portions of Luzon Island, where
annual mean rainfall reaches >3500 mm. In
these regions, significant amount of rainfall is
primarily brought by the southwest and
northeast monsoons as well as the tropical
cyclone occurrences®***"2  Specifically, the
southwest monsoon, which is part of the larger
Asian summer monsoon system, contributes
to the high amount of rainfall over the
northwestern sections of the country and
the Cordillera
situated in the north-central part of Luzon

toward Mountain  region
Island, and over some areas in Central Luzon.
Meanwhile, the high rainfall values observed in
all gridded data over the eastern coasts of
Luzon, eastern Visayas regions, and along the
eastern borders of Mindanao, is attributable to
the significant amount of rainfall brought by
the TCs, northeast monsoon, and cold surge

shearlines* among others.

Moreover, convective rainfall all throughout
the year also contributes to the annual mean
and total rainfall over regions of high elevation
with mountainous terrain.

The Taylor diagram shown in Fig. 4a
compares the performance of the different
gridded rainfall data considered in this study
on how much they capture the spatial
distribution of rainfall across the country. It
can be observed that the ClimGridPh-RR
generally produce quite
patterns relative to the AGROMET stations.
The CIlimGridPh-RR performed best having

relatively high correlation (0.65) agreeing best

similar  rainfall

with the station observations, and smallest
centered RMSE (0.78), indicating its good
performance relative to the observed daily
rainfall patterns having the most clustered
data values compared to the observation
in the Taylor diagram (Fig. 4a).
APHRODITE and CHELSA performed next-
best to ClimGridPh-RR, which generally agree

shown

with observations each having almost the
(0.80 and 0.85
respectively), but a low standard deviation
(0.50) indicating little spatial

same centered RMSE
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Figure 3. Annual mean rainfall derived from PAGASA AGROMET station data, ClimGridPh-RR, and other gridded rainfall
products: APHRODITE, CHIRPS, CMORPH, and CHELSA for the period 2001-2015.
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variability. APHRODITE,
relatively  higher

however, has a
(0.61) with
observations, slightly greater than that of
CHELSA (0.53). CHIRPS and CMORPH
performed poorest the
observations, each with relatively large
centered RMSE (0.91 and 0.87, respectively)
and lowest pattern correlations (0.45 and 0.52,

correlation

compared  with

respectively).

Figure 4b shows the comparison of the
performances of the gridded rainfall datasets
in terms of their ability to detect rainfall
occurrences and non-occurrences relative to
independent AGROMET stations. this
categorical performance diagram, a perfect

In

dataset would be in the top-right corner, with
POD, SR and CSI equal to one. Although

DOST-PAGASA (2024) | ClimGridPh-RR

performed best among the gridded datasets,
with the highest SR (0.73), FBS close to one,
and the highest CSI (0.60). APHRODITE and
CHELSA have similar POD and SR, while
APHRODITE has a relatively larger FBS (1.40),
which means it slightly overestimated the
occurrence of rainfall, resulting in a relatively
lower CSI (0.57) than the ClimGridPh-RR, but
higher than CMORPH (0.53). CHELSA has the
highest frequency bias (1.44) because of its
low SR (0.60) compared to the other gridded
datasets. Despite slight overestimation of daily
rainfall values by CHIRPS, its low POD (0.68)
and SR (0.64) resulted in lowest CSI (0.50).
ClimGridPh-RR outperformed the
other existing gridded datasets, with
APHRODITE, CHELSA, CMORPH, and CHIRPS
following in that order.

Overall,

APHRODITE and CHELSA recorded the
highest POD (0.87), the ClimGridPh-RR
a b
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Figure 4. (a) Taylor and (b) categorical performance diagrams summarizing the statistical scores of the comparisons among
ClimGridPh-RR, APHRODITE, CHIRPS, CMORPH, and CHELSA datasets relative to the annual mean of the daily rainfall at the
15 PAGASA agrometeorological stations for the period 2001-2015. Green contours in (a) indicate the centered root mean
squared error, while blue dotted arcs indicate the standard deviation of the datasets. The dashed lines in (b) represent
frequency bias (FBS), and the curved lines are for the critical success index or threat score.
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Daily Rainfall Distribution

Further evaluation of the performance of the
newly developed gridded data to represent
daily rainfall is done by comparing the
probability density functions (PDF) of in situ
data and ClimGridPh-RR along with the other
gridded rainfall datasets. This describes the
relative frequency of occurrence of rainfall for
each of the gridded datasets relative to the
observed values. PDF-based analysis allows all
stations to be used to estimate the probability
of a given precipitation event, as it is a robust
method where data from multiple stations can
be merged despite differences in the data
lengths*. The shape (a) and scale (B)
parameters of the gamma distribution of each
dataset

Thom using
maximum likelihood estimation (MLE) for the
analysis period of 2001-2015, and are shown
in Fig. 5.

daily rainfall are computed by

adopting  the estimator®®

Figure 5 further compares the PDFs derived
from the daily rainfall of ClimGridPh-RR and
the other gridded datasets, as well as from the
observed values from the independent
AGROMET stations during the period 2001-
2015. The PDFs suggest that in comparison to
the observed daily rainfall values, the
ClimGridPh-RR and all the other gridded
datasets underestimate higher daily rainfall
amounts (>50mm), whereas the tendency of
lower values of

overestimating relatively

rainfall is common to them. The PDF of
ClimGridPh-RR was found closest with the
observations in comparison to APHRODITE,
CHELSA, CHIRPS, and CMORPH, particularly
when looking at the tail of the distributions
(i.e., those corresponding to the more intense

rainfall events, inset in Fig. 5).

1.2e-03

—_— Observed (a =0.58 , B =27.97)
=  CLIMGRIDPH (a = 0.47 , B = 25.74)
0.08 APHRO (a =0.49 , B = 14.79)
} — CHIRPS (o =0.86, B = 18.16)
— CMORPH (o = 0.48 , B = 24.41)

—_— CHELSA (a=0.56 , p = 14.27)
0.06

PDF

0.04

0.02

0 25 50 75 100
Daily Rainfall (mm)

Figure 5. Probability density function (PDF) of the daily observed rainfall in comparison with the PDFs of ClimGridPh-RR and
other gridded rainfall datasets for the period 2001-2015 fitted to gamma distribution.
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CMORPH follows the ClimGridPh-RR PDF’s
right tail indicating good performance in
detecting higher rainfall intensities as they
closely resemble the parameter of the in situ-
based distribution. This further corroborates
with the minimal FBS scores of the two
datasets. In general, ClimGridPh-RR
consistently aligns with the observed rainfall
distribution across the Philippines, and it
exhibits a well-calibrated PDF indicating its
ability to capture the frequency and
magnitude of actual rainfall events from in situ

observations.
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