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ABSTRACT

Validation of the bias-corrected product of National Oceanic and Atmospheric Administration (NOAA) Climate 
Prediction Centre Morphing Technique CMORPH-CRT was conducted using gridded rain gauge dataset of Wong et 
al. (2011) and rain gauge data from meteorological stations throughout Peninsular Malaysia. The CMORPH-CRT 
was compared for four contrasting topographic sub-regions of Peninsular Malaysia, i.e. west coast (WC), foothills of 
Titiwangsa range (FT), inland-valley (IN) and east coast (EC). CMORPH-CRT product with grid resolution of 8 km × 8 km 
at temporal resolution of 1-hour from 00Z January 1998 to 23Z December 2018 was utilized. The results show that 
CMORPH-CRT are in agreement with the rain gauge data. The CMORPH-CRT performed best over coastal sub-regions 
but it underestimated over FT sub-region and overestimated at IN. CMORPH-CRT tend to perform better in moderate 
rather than heavy rainfall events. For extreme weather events, the CMORPH-CRT had shown capability in observing 
the formation and decay of low-pressure system in Penang during 4th November 2017 and it is in agreement with rain 
gauge based SPI index i.e. drought conditions over Peninsular Malaysia.
Keywords: Extreme flood; satellite rainfall; standardized precipitation index

ABSTRAK

Pengesahan pencerapan yang diperbetulkan secara pincang dari National Oceanic and Atmospheric Administration 
(NOAA) Climate Prediction Centre Morphing Technique (CMORPH-CRT) dilakukan dengan menggunakan rangkaian 
tolok hujan bergrid dari Wong et al. (2011) dan pencerapan tolok hujan daripada stesen meteorologi di seluruh 
Semenanjung Malaysia. Data CMORPH-CRT dibandingkan terhadap empat sub-rantauan topografi Semenanjung Malaysia 
yang berbeza, iaitu sub-rantauan pantai barat (WC), kaki bukit Banjaran Titiwangsa (FT), lembah-pedalaman (IN) dan 
pantai timur (EC). Resolusi grid 8 km × 8 km dan resolusi temporal setiap jam CMORPH-CRT dari 00Z Januari 1998 
hingga 23Z Disember 2018 digunakan dalam kajian. Hasil kajian menunjukkan bahawa pencerapan CMORPH-CRT adalah 
tekal dengan pencerapan tolok hujan. CMORPH-CRT cenderung mencerap lebih baik di sub-rantauan pesisir pantai 
manakala berkurangan di kawasan pergunungan dan berlebihan di sub-rantauan lembah pedalaman. CMORPH-CRT 
juga cenderung mencerap lebih baik kejadian hujan sederhana berbanding hujan lebat. Untuk kejadian cuaca yang 
melampau, CMORPH-CRT menunjukkan keupayaan dalam mencerap pembentukan dan penguraian sistem bertekanan 
udara rendah di Pulau Pinang pada 4 November 2017 dan tekal dengan indeks SPI tolok hujan, yang seterusnya tekal 
dengan keadaan kemarau di Semenanjung Malaysia.
Kata kunci: Banjir besar; hujan satelit; indeks hujan piawai 

INTRODUCTION

The climate of Peninsular Malaysia is strongly influenced 
by the Asian-Australian monsoon. Strong northeasterly 
winds dominate this region during December to February 
(DJF; known as the northeast monsoon), while during 

June to August (JJA), southwesterly winds prevail over 
the region (known as the southwest monsoon). The 
period in between the two monsoon seasons is locally 
known as the inter-monsoon period. During the southwest 
monsoon, climate over the Peninsular Malaysia is 
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generally drier (Jamaluddin et al. 2019, 2017). This drier 
climate is mainly due to the blockage effect caused by 
the Pergunungan Barisan over the Sumatra Island in 
Indonesia which prevents southwesterly winds from 
transporting moisture from the Indian Ocean to Peninsular 
Malaysia. Drought will often occur if this dry season is 
intensified and prolonged. On the other hand, during the 
northeast monsoon, widespread floods induced by heavy 
rain are common over the eastern coast of Peninsular 
Malaysia (Chang et al. 2005; Tangang et al. 2017, 2008). 
The existence of quasi-stationary vortex normally known 
as Borneo vortex that is embedded to monsoon trough 
modulates northeasterly wind to converge over the eastern 
coast of Peninsular Malaysia. Occasionally, the trough is 
intensified, causing the vortex to penetrate further north, 
reaching the northern Peninsular Malaysia and even 
southern Thailand (Lim 1979; Yik et al. 2018). This had 
resulted in flooding in the state of Penang and Kedah 
(both states are located over the northwest of Peninsular 
Malaysia) on 4th November 2017 (Yik et al. 2018).

It is of high importance to obtain near real-time and 
accurate measurements of rainfall for early warning of 
flood and drought (Buurman et al. 2014). As part of the 
early warning of flood event, Malaysian Meteorological 
Department (MET Malaysia) issues severe weather 
warnings along with associated the danger level 
when continuous heavy rain is expected with rainfall 
exceeding 150 mm in 24 h (https://www.met.gov.my/
cuaca/kriteriaamaran hujanlebat?lang=en). On the other 
hand, drought usually requires a minimum of one to 
three months to become established but it can continue 
for months or years. Therefore, accurate measurements 
of rainfall appears to be  more important than  near real-
time measurements for drought monitoring (e.g. Tan et 
al. 2017; Zin et al. 2013). Starting from the year 2000, a 
total of 221 automatic weather stations (AWS) have been 
installed to ensure near real-time rainfall data streaming 
over Peninsular Malaysia. However, the location of 
stations is quite sparse, thus it is insufficient for describing 
overall heavy rainfall conditions and related weather 
pattern over the whole of Peninsular Malaysia. Only 
a few meteorological stations are available in remote 
areas and those that are present are not well distributed, 
due to difficulties in accessing the areas for installation 
and maintenance (https://www.met.gov.my/pendidikan/ 
cuaca/peralatanmeteorologi). 

In contrast with rain gauge observation, rainfall 
estimates derived from global space-based observations 
can better supply user needs by providing uniform and 
dense spatial coverage of rainfall information (Semire 
et al. 2012). In conjunction with providing uniform and 
dense spatial coverage of rainfall information, Climate 

Prediction Center morphing technique (CMORPH) by 
National Oceanic and Atmospheric Administration 
(NOAA) and Global Satellite Mapping of Precipitation 
(GSMaP) by Japan Aerospace Exploration Agency (JAXA) 
offers near real-time measurements with a latency of 2 and 
4 h, respectively (http://sharaku.eorc.jaxa.jp/GSMaP/). 
In contrast to CMORPH and GSMaP, most other satellite-
derived rainfall products are not suitable for weather 
extreme monitoring especially for flood early warning 
over Peninsular Malaysia due to late data updates, 
unavailability of hourly data and coarse spatial resolution. 
An example of such data is the Climate Hazards Group 
Infrared Precipitation with Stations (CHIRPS) (Funk 
et al. 2015) which offers a minimum temporal scale 
of daily with 3 to 5 days for data to be updated. Other 
examples are the Tropical Rainfall Measuring Mission 
(TRMM) and the Precipitation Estimation from Remotely 
Sensed Information using Artificial Neural Networks 
(PERSIANN). The temporal resolution of TRMM 3B42 is 
3-hourly, spatial resolution of 0.25º × 0.25º and latency 
time of 7 h (Huffman & Bolvin 2015; Wu et al. 2014). 
For PERSIANN, the temporal resolution is daily, spatial 
resolution of 0.25º × 0.25º and updating time once in 
three months (Ashouri et al. 2015). A high resolution data 
with 0.05 degree is needed to assess rainfall variability 
in Peninsular Malaysia due to its relatively small area 
and complexity of the terrain (e.g. Ayoub et al. 2020; 
Jamaluddin et al. 2017; Wong et al. 2016). Taking these 
into consideration, this study opted for CMORPH rather 
than other available satellite-derived rainfall.   

The CMORPH global high-resolution satellite 
rainfall has been reprocessed and bias corrected to 8 km 
× 8 km grid over the globe (60 ºS - 60 ºN) from January 
1998 (Xie et al. 2017) to the present. The CMORPH 
are reprocessed using a fixed version of the integration 
algorithm as described by Joyce et al. (2004) and with 
input from Level 2 passive microwave (PMW) retrievals 
that are generated using the Goddard Profiling (GPROF) 
version 2004 algorithms (Kummerow et al. 2001). Bias 
correction is then performed for the reprocessed CMORPH 
through probability density function (PDF) matching 
against the Climate Prediction Centre (CPC) daily gauge 
analysis over land and through adjustment against the 
Global Precipitation Climatology Program (GPCP) 
pentad merged analysis of rainfall over ocean. An inter-
comparison study showed that the reprocessed and bias 
corrected CMORPH exhibits superior performance than 
the widely used Tropical Rainfall Measurement Mission 
(TRMM) 3B42 in representing both daily and 3-hourly 
rainfall over the United States and other global regions 
(Xie et al. 2017).
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A number of studies have evaluated satellite-derived 
rainfall for areas of interest by comparing it to rain 
gauge data (Fatkhuroyan et al. 2018; Setiawati & Miura 
2016). World Meteorological Organization’s (WMO) 
new initiative - the Space-based Weather and Climate 
Extremes Monitoring (SWCEM) is established to assist 
Regional Climate Centers and National Meteorological 
and Hydrological Services with the delivery of reliable 
drought and heavy rainfall predictions. As a member of 
SWCEM, MET Malaysia contributes to the validation 
of the satellite-derived rainfall over the Peninsular 
Malaysia. For these purposes, we evaluate CMORPH 
with the rain-gauge data over different topography in 
Peninsular Malaysia. Case studies of (i) heavy rainfall 
over northwest of Peninsular Malaysia on 4th November 
2017; and (ii) drought in Peninsular Malaysia during 
February and March 2014 are also presented in the study. 
As the national authority on providing severe weather 
warnings in Malaysia, reliable and near real-time rainfall 
from CMORPH can provide useful information about 
current rainfall conditions and as a baseline for heavy 
rainfall predictions a few hours ahead. Secondly, having 
reliable CMORPH will allow the use of high-resolution 
gridded data compared to the current limited data points 
for drought monitoring over the Peninsular Malaysia. 
Currently, only 24 data points are used to calculate 
Standardized Precipitation Index (SPI) over the Peninsular 
Malaysia (https://www.met.gov.my/iklim/kemarau/
pemantauankemarau).       

DATA AND METHOD

CMORPH-CRT

The original CMORPH version is called version 0.x, and 
the reprocessed CMORPH version is called version 1.0. 
The version 1.0 products contain three different rainfall 
products, i.e.: (i) raw (CMORPH-RAW); (ii) a bias-corrected 
product (CMORPH-CRT); and (iii) a gauge-satellite blended 
product (CMORPH-BLD). The CMORPH-RAW product 
is a satellite-only rainfall product that integrates passive 
microwave data from multiple low orbit satellites and 
the infrared data from multiple geostationary satellites 
to provide rainfall estimates with the spatial-temporal  8 
km-hourly resolution (Duan et al. 2016). PDF matching, 
which performs a bias reduction function, is applied to 
CMORPH-RAW to generate the CMORPH–CRT product. 
This CMORPH-CRT product is available with 8 km-hourly 
resolutions but with a latency of 2 h. CMORPH-CRT 
precipitation estimates are then further calibrated via a 
gauge analysis using an optional interpolation technique 

to generate the CMORPH-BLD product (Wei et al. 2018). 
However, the CMORPH-BLD product is available only 
at the 0.25º daily resolution with a latency of 2 days. 
Here, the spatial-temporal of 8 km-hourly resolution of 
CMORPH-CRT products from 00Z January 1998 to 23Z 
December 2018 was utilized. The CMORPH-CRT products 
of this study is downloaded from the official website 
at https://ftp.cpc.ncep.noaa.gov/precip/PORT/SEMDP/
CMORPH_CRT/DATA.

RAIN GAUGE DATA

The CMORPH-CRT capability in simulating seasonal 
mean of rainfall was evaluated based on 0.05º resolution 
gridded daily rain gauge from Wong et al. (2011). This 
gridded daily rain gauge of Wong et al. (2011) which 
spans from 1976 to 2006 was derived from the daily rain 
gauge rainfall observation network, and consists of 123 
stations that is spread across the Peninsular Malaysia 
(Mohd et al. 2015; Wong et al. 2016). In order to achieve 
consistency with gridded daily rain gauge of Wong et 
al. (2011), only CMORPH-CRT data for a period of 9 
years from 1998 to 2006 was used in the seasonal mean 
simulation. 

The rain gauge data from 24 meteorological 
stations with hourly resolution from the year 1998 to 
2018 was used to describe diurnal rainfall in Peninsular 
Malaysia (Figure 1). The name, location and altitude 
of these meteorological stations are listed in Table 1. 
Threshold value of 0.2 mm/hour was used to determine 
the occurrence of rain (Evans & Westra 2012; Jamaluddin 
et al. 2017). Following Jamaluddin et al. (2019) and  
Richard (2010), we regionalized Peninsular Malaysia 
into four sub-regions, namely: west coast (WC), foothills 
of Titiwangsa range (FT), inland-valley (IN), and east 
coast (EC) of Peninsular Malaysia (Figure 1). For 
calculating the average values of CMORPH-CRT over a 
particular sub-region, rainfall estimates in the grid box 
where the station is located were aggregated. In cases 
where more than one station appeared in a particular grid 
box, the value of that grid box was counted more than 
once, according to the number of stations.

Standard validation statistics was used to validate 
the performance of CMORPH-CRT rainfall products. The 
validation statistics used was bias and root mean square 
error (RMSE). Description of these statistics have been 
given in many references (Ebert 2007). On the other hand, 
to illustrate satellite parallax, comparison of CMORPH-
CRT with ground-based MET Malaysia’s radar echoes was 
also done. Satellite parallax is defined as the apparent shift 
in a cloud’s position as result of the satellite viewing angle 
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(Bieliński 2020). Composite of 7 weather radar stations, 
namely Alor Setar, Bayan Lepas, Kota Bharu, Kluang, 
Kuantan, Subang and KLIA on 4th November 2017 are 
used to generate radar echoes. Each radar echoes are in 
the form of Constant Plan Position Indicator (CAPPI) and 
each CAPPI grid is interpolated at a constant height of 2 
km from 15 sweeps between 0.7º and 32º elevation angle. 
Each CAPPI has a horizontal resolution of 833 m at the 
range of 300 km. The CAPPI is updated in real time every 
10 min (Ahmad et al. 2018; Yik et al. 2018). 

Over the Peninsular Malaysia, drought is monitored 
using a tool called Standardized Precipitation Index 
(SPI).  It is based on probability of records for a given 
amount of rainfall and duration. Positive values of the 
SPI correspond to rainfall above median, and negative 
values of the SPI correspond to rainfall below median (Pai 
et al. 2011). In Peninsular Malaysia, drought conditions 
can be classified when the SPI values are equal to or below 
−1.5. Specifically, for the SPI values −1.5 and below, 
conditions are classified as ‘severely dry’ and SPI values 
−2.0 and below are classified as ‘extremely dry’.
The formula is stated as follow:

where χi   is the monthly rainfall; χij   is the long term mean 
for rainfall; and σ is the standard deviation of rainfall.

The amount of SPI from meteorological stations 
were calculated using the SPI program that can be 
retrieved at http://drought.unl.edu/MonitoringTools/ 
DownloadableSPIProgram.aspx (Svoboda et al. 2012). 
The amount of SPI was then compared to CMORPH-CRT 
SPI with grid resolution of 25 km × 25 km which was 
downloaded from https://ftp.cpc.ncep.noaa.gov/precip/
PORT/SEMDP/SPI/DATA/.

MET Malaysia has categorised the rainfall intensity 
in unit of mm/day as: 1) slight rain when the intensity is 
below 10 mm/day; 2) moderate rain when the intensity is 
between 10 mm/day and 60 mm/day; 3) heavy rain when 
the intensity is between 60 mm/day and 150 mm/day; 
and 4) extreme when the intensity is more than 150 mm/
day (www.met.gov.my). In conjunction with the rainfall 
intensity category in unit of mm/day, MET Malaysia also 
defines it in unit of mm/hour: 1) slight rain as intensity 
below 2 mm/hr; 2) moderate rain as intensity between 2 
mm/hr and 10 mm/hr; 3) heavy rain as intensity between 
10 mm/hr and 50 mm/hr; and 4) violent as intensity more 
than 50 mm/hr (e.g. Jebson 2007). 

𝑆𝑆𝑆𝑆𝑆𝑆 =  
∑ 𝑥𝑥𝑖𝑖 − (∑ 𝑥𝑥𝑖𝑖𝑖𝑖)

𝜎𝜎  

 TABLE 1. List of station names, indicators, locations and altitudes of principal meteorological stations

Station name Station indicator Location Altitude (m)
Bayan Lepas 48601 5.30U 100.27T 2.4
Butterworth 48602 5.47U 100.38T 3.3
Alor Setar 48603 6.20U 100.40T 3.9
Chuping 48604 6.48U 100.27T 21.7
Sitiawan 48620 4.22U 100.70T 6.7
Sepang 48650 2.73U 101.70T 16.1
Melaka 48665 2.27U 102.25T 8.5

Batu Pahat 48670 1.87U 102.99T 6.3
Lubok Merbau 48623 4.80U 100.90T 77.5

Ipoh 48625 4.57U 101.10T 50.1
Cameron Highlands 48632 4.47U 101.37T 1545.0

Subang 48647 3.12U 101.55T 26.6
Petaling Jaya 48648 3.10U 101.65T 60.8
Batu Embun 48642 3.96U 102.35T 49.5

Temerloh 48653 3.46U 102.38T 39.1
Muadzam Shah 48649 3.05U 103.08T 33.3

Kluang 48672 2.02U 103.32T 88.1
Senai 48679 1.63U 103.67T 37.8

Kota Bharu 48615 6.17U 102.28T 4.36
Kuala Krai 48616 5.53U 102.20T 58.3

Kuala Terengganu Airport 48618 5.38U 103.10T 5.2
Kuala Terangganu Town 48619 5.33U 103.13T 35.1

Kuantan 48657 3.78U 103.22T 15.23
Mersing 48674 2.45U 103.84T 43.6
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RESULTS AND DISCUSSION

COMPARISON OF SEASONAL RAINFALL

The comparison of seasonal rainfall spatial distribution of 
CMORPH-CRT and gridded rain gauge over the Peninsular 
Malaysia is shown on Figure 2. Generally, the CMORPH-
CRT compared well to gridded rain gauge data although 
with a discrepancy in rainfall amount. Over the EC sub-
region, the higher amount of rainfall during DJF and 
September-November (SON) was reasonably observed 
by CMORPH-CRT. Similarly, CMORPH-CRT observed the 
spatial pattern and increasing amount of rainfall during 
the inter-monsoon periods (March-May (MAM) and SON) 
over WC and FT sub-regions. Similar to the gridded 
rain gauge observation, the relatively drier conditions 
throughout Peninsular Malaysia during JJA was also 
featured in CMORPH-CRT. However, from Figure 2i-l, 
CMORPH-CRT tended to produce wet bias over inland-
valley (IN sub-region) and dry bias in coastal (WC and EC 
sub-region) and mountainous (FT sub-region) area of the 

 48601 – Bayan Lepas 
48602 – Butterworth 
48603 – Alor Setar 
48604 – Chuping 
48615 – Kota Bharu 
48616 – Kuala Krai 
48618 – Kuala Terengganu Airport 
48619 – Kuala Terengganu Town 
48620 – Sitiawan 
48623 – Lubok Merbau 
48625 – Ipoh 
48632 – Cameron Highlands 
48642 – Batu Embun 
48647 – Subang 
48648 – Petaling Jaya 
48649 – Muadzam Shah 
48650 – Sepang 
48653 – Temerloh 
48657 – Kuantan 
48665 – Melaka 
48670 – Batu Pahat 
48672 – Kluang 
48674 – Mersing 
48679 - Senai 

FIGURE 1. The location of the meteorological station and associated World Meteorological 
Organization (WMO) station indicator. Analysis is categorized into four different sub-regions, 
namely WC (west coast), FT (foothills of Titiwangsa), IN (inland-valley) and EC (east) coast. 

Terrain were plotted using GIBCO 30 arc-second interval grids

Peninsular Malaysia. The wet bias over IN sub-region is 
generally the highest during DJF with 4 mm/day compared 
to about 2 mm/day in other seasons. Likewise, in DJF, a 
dry bias is more pronounced over EC sub-region with -4 
mm/day and during inter-monsoon periods over the FT 
sub-region with -3 mm/day.

The bias between the CMORPH-CRT and individual 
rain gauge annual cycles in Peninsular Malaysia are 
shown in Figure 3(a). Overall, the annual evolution of 
rainfall in CMORPH-CRT shows a high consistency with 
rain gauge, as indicated by low bias of ± 1 mm/day. 
However, during the month of November and December, 
and over the EC and IN sub-regions i.e., the area where 
the rainfall is highest, bias was higher with values of 
± 2 mm/day. In addition to the bias, the RMSEs of the 
CMORPH-CRT and rain gauge annual rainfall cycle are 
shown in Figure 3(b). The results show that the CMORPH-
CRT tend to have smaller RMSE values (< 15 mm/day) 
during dry season (JJA) and higher RMSE values during 
wet season (November to December) with values > 
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35 mm/day. Interestingly, CMORPH-CRT tend to have 
larger RMSE over the EC sub-region compared to IN 
sub-region during the period. EC sub-region experienced 
more rainfall than IN sub-region during November to 
December. This indicated that the CMORPH-CRT tend to 
have larger error during high rainfall events.

Area-averaged daily CMORPH-CRT cross validated 
with area-averaged daily rain gauge over the 4 sub-
regions, focusing on different location and thus, different 
topography in Peninsular Malaysia, is shown on Figure 
4. The CMORPH-CRT showed the largest agreement 
with rain gauge over the WC and EC sub-regions. On the 
other hand, CMORPH-CRT underestimates rainfall over 
the FT sub-region, while it overestimates over IN sub-
region which is characterised by low-land area between 
Titiwangsa and Tahan mountain range (Figure 4). This 
indicates that the performance of CMORPH-CRT is also 
dependent on the elevation. It can be assumed that the 
underestimation of heavy rainfall over FT sub-region is 
due to shallow orographic convection instead of deep 
convection by CMORPH-derived rainfall algorithms 
(Kubota et al. 2009; Shige & Kummerow 2016; Shige et 
al. 2013). Similarly, non-raining cirrus with cold cloud-
top temperatures system that is usually observed as rain 
over low terrain may be attributed to the overestimation 
of rainfall over the IN sub-region. 

The results from both the spatial rainfall climatology 
and annual cycles show that the CMORPH-CRT compares 
well to the rain gauge although with a noted discrepancy 
based on location and in the amount of rainfall. In general, 
the CMORPH-CRT performed best over the coastal areas 
with moderate rainy events. On the other hand, larger 
error was associated to high amount of rainfall over 
complex terrain. The performance of CMORPH-CRT in 
observing the seasonal rainfall characteristic in Peninsular 
Malaysia is consistent with that of the CMORPH that 
was described in Soo et al. (2019) over river basins in 
Peninsular Malaysia during northeast monsoon, Jamandre 
and Narisma (2013) over the Philippines and Trinh-Tuan 
et al. (2019) over Central Vietnam.

EXTREME WEATHER MONITORING USING CMORPH-CRT 
PRODUCTS HEAVY RAINFALL EVENT OVER PENANG ON 

4TH NOVEMBER 2017

Penang is vulnerable to flash floods every time heavy 
rains occur. On 4th November 2017, the entire Penang 
Northeast and Southwest districts in the island as well as 
North, Central and South Seberang Perai in the mainland 
was flooded. Heavy rain for 17 hours with strong winds 
caused the road system to be paralyzed, thousands of 
houses flooded, and hundreds of fallen trees. In addition, 
this heavy rain led to landslide incidents over some areas. 

 

FIGURE 2. Seasonal mean of daily average rainfall (mm/day) (a) – (d) CMORPH-CRT, (e) – (f) gridded rain gauge 
and (i) – (k) biases between CMORPH-CRT and gridded rain gauge
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As a result, more than 8000 people were evacuated to 
flood evacuation centers and 7 people died throughout 
the state (Davies 2017). Hence, a few rain gauge stations 
were selected in this study, namely Bayan Lepas and 
Butterworth in Penang to capture heavy rainfall amount, 
while Batu Pahat and Kluang in Johor for slight rain 
downpour. The aim of this case study is to determine 
whether the CMORPH-CRT can observe reliable amount 
of heavy rainfall over the Peninsular Malaysia.

The unusual heavy rainfall on 4th November 2017 
was due to the formation of a low-pressure system over 
northern Peninsular Malaysia. On the day of incident, 
this low-pressure system did not move across Peninsular 
Malaysia, instead it was quasi-stationary for 17 hours 
around the state of Penang. The weakening of Typhon 
Damrey due to landfall over Vietnam produced the 
Fujiwhara effect which enhanced low-pressure system in 
Penang (Penang Kini on 8th November 2017; AstroAwani 

FIGURE 3. Annual cycles of a) bias and b) RMSE between CMORPH-CRT and individual rain gauge station over 
Peninsular Malaysia
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FIGURE 4. Boxplots showing comparison of monthly average variance (mm/day) over (a) WC sub-region, (b) FT 
sub-region, (c) IN sub-region, and (d) EC sub-region between rain gauge and CMORPH-CRT. Stn. are referring to 

all rain gauge stations which located within their respective sub-regions
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on 7th November 2017). The locations of the CMORPH-
CRT low-pressure systems was almost similar with MET 
Malaysia’s radar echoes (Figure 5). Figure 5(a) shows 
the image of CMORPH-CRT and radar echo at 0900 MST 
4th November 2017 at the initial stage of low-pressure 
system formation. The system matures at 1300 MST and 
the condition was maintained over the state of Penang 
until 2100 MST (Figure 5). 

The analysis is carried out with comparison between 
CMORPH-CRT and rain gauge data over Butterworth, 
Bayan Lepas, Batu Pahat and Kluang meteorological 
stations. The results show that the CMORPH-CRT 
compared relatively well to rain gauge although it 
underestimates heavy rainfall and overestimates light 
rainfall. For heavy rainfall, Butterworth rain gauge 
recorded 50.4 mm/hr compared to 25.9 mm/hr for 
CMORPH-CRT (reduction of 24.5 mm/hr or 49%) at 0900 
MST and Bayan Lepas rain gauge recorded 47.0 mm/hr 
compared to 19.0 mm/hr for CMORPH-CRT at 1200 MST 
(reduction of 28 mm/hr or 59%). On the other hand, for 
light rainfall, the Kluang rain gauge recorded 1.5 mm/
hr compared to 3.1 mm/hr for CMORPH-CRT at 0500 
MST (increase of 1.6 mm/hr or 101%) and Batu Pahat 
rain gauge recorded 4.2 mm/hr at 0300 MST compared 
to longer rainy hours with total amount of 4.4 mm/hr for 
CMORPH-CRT (increase of 0.2 mm/hr or 5%) as shown 
on Table 2. 

The performance of CMORPH-CRT in observing 
heavy rainfall over Peninsular Malaysia is comparable 

to Integrated Multi-satellite Retrievals for Global 
Precipitation Measurement (GPM) and other satellite 
precipitation products such as Global Precipitation 
Climatology Project (GPCP), GSMaP, TRMM and 
PERSIANN (Mahmud et al. 2016; Soo et al. 2020, 2019; 
Tan et al. 2015). Mahmud et al. (2016) found that GPM 
tend to underestimate heavy rainfall (> 50 mm/day) and 
overestimate slight to moderate rainfall (~10 mm/day 
to 55 mm/day). Tan et al. (2015) found that the satellite 
precipitation products i.e. GPCP, CMORPH, TRMM and 
PERSIANN had the tendency to overestimate slight to 
moderate rainfall (1 mm/day < rain < 20 mm/day) and 
to underestimate heavy rainfall (> 20 mm/day) over 
the Peninsular Malaysia. The GPCP and CMORPH tend 
to underestimate heavy rainfall by 2.8% and 13.2%, 
respectively (Tan et al. 2015). On the other hand, Soo et 
al. (2019) found that the TRMM, CMORPH and PERSIANN 
had shown an acceptable accuracy in capturing heavy 
rainfall in Sungai Kelantan basin during the northeast 
monsoon. However, the accuracy was decreased to 
about 50-60% over Langat and 30-40% for Sungai Johor 
basin. Soo et al. (2020) investigated the capability of bias 
correction i.e. linear scaling, local intensity scaling and 
power transformation schemes in improving CMORPH, 
TRMM and PERSIANN estimations over Sungai Langat 
basin during the northeast monsoon. They found that all 
of the bias correction schemes are able to improve satellite 
estimations except PERSIANN with local intensity scaling 
scheme. 

 

 
0900 MST 1300 MST 

1700 MST 2100 MST 

(a) (b) 

(c) (d) 

CMORPH-CRT 

FIGURE 5. Comparison of CMORPH-CRT and radar echoes during (a) 0900 MST, (b) 1300 MST, (c) 1700 MST and 
(d) 2100 MST on 4th November 2017
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TABLE 2. Amount of rainfall (mm/hr) at selected locations in Peninsular Malaysia on 4th November 2017

Hour
(MST)

Bayan Lepas Butterworth Batu Pahat Kluang

RG C-C RG C-C RG C-C RG C-C

00:00 0.8 0.1 0.2 0.1 0.0 0 0.0 0

01:00 5.4 0.2 0.0 0 0.0 0 0.0 0

02:00 0.0 0 0.0 0 0.0 0 0.0 0

03:00 0.2 0 0.0 0 4.2 0.5 0.0 0.4

04:00 0.0 0.3 0.6 0.1 0.0 1.1 0.0 0.7

05:00 0.0 1.1 13.4 1.8 0.0 0.5 1.5 3.1

06:00 0.8 2.2 25.4 10.7 0.0 1.6 0.0 1.2

07:00 1.2 3 18.4 2.4 0.0 0.7 0.0 0.2

08:00 4.6 4 26.2 7.2 0.0 0 0.0 0

09:00 12.0 6.3 50.4 25.9 0.0 0 0.0 0

10:00 24.0 10.4 26.4 12.1 0.0 0 0.0 0

11:00 25.0 12.2 31.0 9.1 0.0 0 0.0 0

12:00 47.0 19.0 18.0 6.2 0.0 0 0.0 0

13:00 12.8 5.7 12.0 4.3 0.0 0 0.0 0

14:00 7.2 2.9 2.0 3.4 0.0 0 0.0 0

15:00 5.6 3.2 3.4 5.6 0.0 0 0.0 0

16:00 15.6 3.8 6.2 4.4 0.0 0 0.0 0

17:00 14.8 5.8 17.2 6.7 0.0 0 0.0 0

18:00 18.4 6.9 29.0 11 0.0 0 0.0 0

19:00 15.0 4.9 33.0 19.3 0.0 0 0.0 0

20:00 2.4 5 49.8 20.1 0.0 0 0.0 0

21:00 0.4 6.2 12.2 8 0.0 0 0.0 0

22:00 0.8 2 4.8 2.2 0.0 0 0.0 0

23:00 0.6 1.6 3.6 1.7 0.0 0 0.0 0
*RG – Rain gauge; C-C – CMORPH-CRT

DROUGHT IN PENINSULAR MALAYSIA DURING 
FEBRUARY AND MARCH 2014

SPI is strongly influenced by the recorded rainfall (Wu et 
al. 2005; Zin et al. 2013). For the rain gauge, long term 
mean rainfall is based on 30 years of data i.e. January 
1981 to December 2010, while it is 13 years i.e. from 
January 1998 to December 2010 for CMORPH-CRT. 
The month of February and March 2014 was chosen for 

meteorological drought analysis with the SPI period for 
1, 2 and 3 months for rain gauge, while 30, 60 and 90 
days, respectively, for CMORPH-CRT. 

Based on analysis of the rain gauge SPI, during 
February 2014, drought condition was observed and 
continued for 3 months (December 2013 to February 
2014) over Melaka and Sitiawan, 2 months (January 
2014 to February 2014) over Alor Setar, Chuping, Lubuk 
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Merbau, Subang, Sepang, Kuala Pilah, Melaka, Batu 
Pahat and Kluang. All these stations were located over 
WC and FT sub-regions. Drought period of 1 month 
(February 2014) was observed elsewhere except over 
Ipoh, Cameron Highlands and Batu Pahat (located over 
FT sub-region) and, Batu Embun, Kuala Terengganu 
and Kuantan (located over IN and EC sub-regions). For 
CMORPH-CRT SPI, the drought condition was observed 
and continued for 3 months over Melaka, 2 months over 
WC and FT sub-regions and 1 month elsewhere except 
over Cameron Highlands and Batu Pahat (FT sub-region; 
Figure 6(e)). In general, CMORPH-CRT SPI was consistent 
but extremely dry especially for 1 month SPI compared 
with the rain gauge SPI. The rain gauge amount of rainfall 
that was much below the area-average long term mean 
of February modulates severely dry condition (SPI < 
-1.5) over most areas in the Peninsular Malaysia (Figure 
6(a)-6(c); Figure 8(b)). Area-average long term mean for 
January, February and March over Peninsular Malaysia is 
5.3 mm/day, 3.9 mm/day and 4.6 mm/day, respectively. In 

conjunction with rain gauge amount of rainfall that was 
much below the area-average long term mean of February, 
CMORPH-CRT showed much lower amount of rainfall 
(Figure 8(b)). This therefore modulates extremely dry 
condition (SPI < -2.0) over most of the areas in Peninsular 
Malaysia (Figure 6(a)). 

During March 2014, the areas and severity of 
drought condition were reduced. The amount of rainfall 
that exceeded or fell within average long term mean of 
March reduced 1 month SPI to neutral in both data sets 
except rain gauge over Melaka and Ipoh (Figure 7; Figure 
8(c)). On the other hand, the amount of rainfall that was 
much below the area-average long term mean of February 
has caused the 2 month (60 days for CMORPH-CRT) SPI to 
maintain drought condition over some part in WC and FT 
sub-regions (Figure 7(b); Figure 8(b)). Similar condition 
was observed for 3-month (90 days for CMORPH-CRT) 
SPI (Figure 7(c); Figure 8(a)). 

In general, the CMORPH-CRT and rain gauge SPI 
values are in agreement, thus both show drought condition 

 

FIGURE 6. Comparison of SPI Drought Map for February 2014 based from (a) 30 days 
CMORPH-CRT, (b) 60 days CMORPH-CRT, (c) 90 days CMORPH-CRT, (d) location of 

meteorological stations and (e) rain gauge data over Peninsular Malaysia
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over Peninsular Malaysia. However, it should be noted 
that CMORPH-CRT SPI tend to observe drier SPI than rain 

gauge over the region. This drier CMORPH-CRT SPI is 
consistent with that of the TRMM SPI that was described 
in Tan et al. (2017) over the Sungai Kelantan basin.

 

FIGURE 7. Comparison of SPI Drought Map for March 2014 based from (a) 30 days 
CMORPH-CRT, (b) 60 days CMORPH-CRT, (c) 90 days CMORPH-CRT and (d) rain 

gauge data over Peninsular Malaysia

CONCLUSION

In this study, CMORPH-CRT product is compared to 
rain-gauge observation over different sub-regions, 
thus representing different topography in Peninsular 
Malaysia. The overall results show that the CMORPH-
CRT agreed with the rain gauge although with noted 
discrepancy due to geographical terrain and rainfall 
intensity category. The CMORPH-CRT performed best 
over coastal sub-regions but underestimated over FT 
sub-region and overestimated at the IN sub-region. The 
CMORPH-CRT also tend to perform better in moderate 
rather than heavy rainfall events. 

The performance of the CMORPH-CRT has been 
further explored to analyzed extreme rainfall and 
drought conditions that occurred on 4th November 2017 
and February to March 2014, respectively. CCMORPH-
CRT is capable of observing the formation and decay 
of low-pressure systems in Penang on 4th November 
2017. However, the amount of rainfall is less than 
half from the rain-gauge. The assessment results for 
drought condition during February and March 2014 
have shown that the CMORPH-CRT and rain gauge are 
in agreement when monitoring the SPI index, and thus, 
for determining drought conditions over the Peninsular 
Malaysia.
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The near real-time observations and accurate 
measurements of rainfall are the criteria needed to enable 
satellite-derived rainfall to be used as operational 
extreme weather monitoring tool. Considering the latency 
of 2 h and the accuracy of the rainfall measurements 
that comparable to others, CMORPH-CRT is the best option 
to choose as a space-based weather extreme monitoring 
tool compared to other satellite-derived rainfall and 
ground-based precipitation products over the Peninsular 
Malaysia. Currently, an intranet local website, called 
Space-based Weather and Climate Extremes Monitoring 
Project that is based on CMORPH-CRT data has been 
established and is being updated every hour. Future 
works to enhance the accuracy of rainfall amount will 
be implemented in the project by bias correction the 
CMORPH-CRT data with in-situ rain gauge observations.  
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