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ABSTRACT 

An investigation has been embarked in classifying the rain types. The Terminal Doppler Weather Radar (TDWR) 
and rain gauge system are currently installed in Bukit Tampoi, Malaysia, and their data are used in this study. Sampled 
radar data and rain gauge data collected from January to December 2009 were analyzed. The research methodology 
involves 2 steps. The first step is the identification of precipitation events within the said period. The second step is 
“separation” process based on the column reflectivity value at desired location. From our analysis, 32 event data are 
classified as convective and 175 event data are classified as stratiform. 
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INTRODUCTION 

Advancement of current Earth-to-satellite 
communication links including future high altitude 
platforms (HAPs) has pushed researcher to use higher 
frequency bands (10 GHz and above). However, higher 
operating frequency implicates larger attenuation due to 
rain as raindrops scatter and absorb energy from incident 
electromagnetic wave. In the study of rain attenuation, rain 
classification has become a major concerned as different 
rain types produce different effect on electromagnetic 
wave. It is important to understand the rain structure for 
different rain types as it indicates the effectiveness of rain 
attenuation modeling [1]. Many researchers have shown 
that by including the individual contribution of each rain 
types may increase the accuracy of the prediction model 
[2-4]. There have been numerous methods devised in 
discriminating the rain event into several types. Earliest 
studies of rain types classification using rain gauge data 
suggested that classification was assigned whenever the 
rain rate exceeded some background level by a certain 
threshold [5]. As radar data were made available, 
researchers have extended the technique by using radar 
reflectivity [6-10]. Nevertheless, some of the develop 
methods were only tested with the data in temperate region 
and further validation need to be done in tropical climate 
region. This study is an attempt to improve the rain 
attenuation prediction method by including the rain types 
classification. Only the rain types classification process is 
presented in this paper. The organization of the paper will 
be as follow: Section 2 outlines the previous proposed 
method and currently used method in this study. Section 3 
highlights experimental setup and data collection. Section 
4 underlines the results and analyses. Last but not least, 
conclusion and future work is presented in section 5. 
 
Background Studies & Current Methodology 

The advancement of radar has allowed researchers 
to easily study the rain structure. As mentioned by previous 
researchers [11-12], this is the only feasible technique of 

collecting data that will furnish both the horizontal and 
vertical structure of rain in a way that is practical for 
studying rain scatter and interference. Commonly, rain can 
be classified into two types, namely stratiform and 
convective. Stratiform rain produces from stratus cloud, 
consists of light rainfall intensity that typically shows 
stratified horizontal. It extends of hundred kilometers and 
the duration of time typically exceed one hour period. 
Where else, convective rain produces from cumulus cloud, 
consists of high rainfall intensity. It usually extents only 
several kilometers and duration of time exceeding several 
minutes. 

Churchill and Houze did one of the earliest 
studies of rain types classification using radar data back in 
1984. They proposed a method by assigning a fixed radius 
of influenced to identify core of convective. In 1995, 
Steiner et al proposed an improved method in identifying 
core of convective by assigning radius of influence in 
variable size. Their method often called as “peakedness 
method” in finding convective core is by finding average 
area background reflectivity. In the same year, DeMott et 
al extended the Steiner et al method by identifying cores of 
convective at different level height. Their method extends 
up to the echo top in order to avoid misclassification 
convective cells that tilted strongly with height. In 2000, 
Biggerstaff and Listemaa extended the Steiner et al method 
by adding additional criteria to classify rain types. They 
use the results from Steiner et al and further analyzed using 
more reflectivity radar information. Three parameters are 
required to calculate at each grid point namely, vertical 
lapse rate of reflectivity, bright band fraction and 
magnitude of two-dimensional horizontal gradient of radar 
reflectivity. Zhang et al proposed a more computational 
efficient method in distinguishing rain types in 2008. They 
apply a threshold value at vertical profile reflectivity 
(VPR) structure to identify convective rain type. They 
believed that this method is more computational efficient 
than Steiner et al as their scheme is directly applied to each 
pixel column and does not require repetitive computation 
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at area background reflectivity. 
In this study, we emulated the same methods as 

Zhang et al but with inclusion of proposed modifications. 
The Zhang et al method is chosen in this study due to its 
computational efficiency. The classification of rain types 
begins by removing the non-precipitating events where 
reflectivity value is below than 0 dBZ using IRIS Vaisala 
software. Then, VPR computational was carried out by 
taking reflectivity value at each pixel column at desired 
location. Next step is called “separation” step. In this step, 
a radar bin column is identified as convective if all of the 
following conditions are met: 

 

a) Average reflectivity value in the column from lowest 
elevation scan height to 5.5 km height is greater than 
36 dBZ 

b) Average reflectivity value in the column from 4.5 km 
to 5.5 km height is greater than 36 dBZ 

c) Average reflectivity value in the column from lowest 
elevation scan height to 2 km height and near to the 
condition (a) column is greater than 36 dBZ  
(Note: Only reflectivity values (dBZ) are analyzed in 

this method) 
Any non-zero reflectivity that are not identified as 

convective from the above two conditions will be classified 
as stratiform. The first condition is applied to the average 
reflectivity value of VPR. The average reflectivity value is 
calculated from the lowest column height to 5.5 km height. 
The 5.5 km height is chosen as the convective cells often 
exceed high reflectivity value beyond the 0C isotherm 
height [13]. The second condition is almost similar to 
Smyth and Illingworth method [14] but with different 
height. In Smyth and Illingworth method, they applied the 
threshold value of 30 dBZ at -10C height or above where 
else in our method, we applied the threshold average value 
of 36 dBZ from 4.5 km to 5.5 km. This condition is applied 
to include any initial convective cell. The third condition is 
applied to include any neighboring convective cell. The 36 
dBZ threshold reflectivity value is chosen for all conditions 
after analyzing 1 year radar data samples. The analyses of 
threshold were done by calculate the mean value for each 
samples of radar scan.  Figure-1 illustrates the current 
method proposed. 

 

 
 

Figure-1. Proposed classification of rain types. 
 

 

Data Collection 
Radar reflectivity data from Terminal Doppler 

Weather Radar (TDWR) at Bukit Tampoi, Malaysia were 
obtained from Malaysia Meteorological Department as 
part of the Razak Satellite measurement campaign that 
lasted for 1 year [15]. The TDWR is located at 2 50.8’ N 
latitude and 101 40.3’ E. TDWR is a 10.43 cm 
wavelength Doppler radar with 125 m beam spacing. The 
radar data consist of volume scans of radar reflectivity, 
radial velocity, and spectrum width collected in polar 
coordinates at increasing elevation angles. The elevation 
angle steps of the radar are from 0.7 to 40 during periods 
of rain in a 360 azimuthal volume scan mode. The 
temporal resolution and number of elevation steps of the 
data depend on the operational mode of the radar. 1-year 
data from January 2009 until December 2009 are acquired. 
Data were collected using 10 elevations angle scan 
strategy (1 to 40). Each volume scan took 5 minutes to 
complete.  

Rain gauge data also were obtained from 
Malaysia Meteorological Department. The data are used to 
distinguish between rain and non-rainy day. The rain gauge 
measurement system is located at 2 44’ N latitude and 
101 42’ E, within 13 km vicinity of TDWR. The acquired 
data are for a period of 1 year from January 2009 until 
December 2009. The rain intensity data were collected 
every 60 minutes using standard tipping bucket type rain 
gauge. Table-1 & 2 lists the specification of the TDWR 
and rain gauge. Only radar data directly above the rain 
gauge were analyzed in this study. Figure-2 shows the 
illustration of measurement setup. IRIS Vaisala Software is 
used to produce the reflectivity data and to remove any 
non-precipitation target. The 0C height is taken from the 
annual estimated value from radiosonde data at Kuala 
Lumpur [16]. 
 

Table-1.  TDWR specifications. 
 

 
 

Table-2.  Tipping bucket specifications. 
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Figure-2. Measurement system setup. 
 
RESULT AND ANALYSIS 

Figure-3 shows one of the convective 
precipitation events. The display involves sample that 
occurred on 5 April 2009 at 13:40:54. The convective 
event shows a very high reflectivity (more than 34 dBZ) 
up until 6 km height. The echo top extends more than 9 
km height. Figure-4 shows one of samples of stratiform 
precipitation event, which occurred on 8 January 2009 at 
17:48:15. The stratiform event shows a very low 
reflectivity value (less than 34 dBZ) with estimated echo 
top less than 8 km height. From the analysis, we found out 
that 175 events are stratiform and 32 events are 
convective. 
 

 

 
Figure-3. Radar reflectivity for convective event as shown 

in IRIS Vaisala software on 5th April 2009 at 13:40:54. 
 

 
 

Figure-4. Radar reflectivity for stratiform event as shown 
in IRIS Vaisala software on 8th January 2009 at 17:48:15. 

 
CONCLUSIONS 

In the study it is preliminary concluded that based 
on our analysis of 1-year radar data, 32 events are classify 
as convective and 175 events are classified as stratiform. 
Subsequent research work will embark on the finding the 
rain height for both convective and stratiform rain types, 
which will be later, used to develop an improve rain 
attenuation model. 
 
REFERENCES 
 
[1] Das S., Shukla A.K. and Maitra A. 2009. 

Classification of Convective and Stratiform Types of 
Rain and Their Characteristics Features at a Tropical 
Location. International Conference on Computers and 
Devices for Communication. 
 

[2] Matricciani E. 1996. Physical-mathematical Model of 
the Dynamics of Rain Attenuation Based on Rain 
Rate Time Series and Two Layer Vertical Structure of 
Precipitation. Radio Science, Vol. 31, pp. 281–295. 
 

[3] Leitao M.J. and Watson P. A. 1986. Method for 
Prediction of Attenuation on Earth-space Links Based 
on Radar Measurements of the Physical Structure of 
Rainfall. Proceedings of the Institution of Electrical 
Engineers, Vol. 133, pp. 429-440. 
 

[4] Capsoni C., Luini L., Paraboni A. and Riva C. 2009. 
Martellucci, A.: A New Prediction Model of Rain 
Attenuation That Separately Accounts for Stratiform 



                             VOL. 10, NO. 16, SEPTEMBER 2015                                                                                                           ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
7205

and Convective Rain. IEEE Transactions on Antennas 
and Propagation, Vol. 157, pp. 196-204. 
 

[5] Austin P.M. and Houze Jr R.A. 1972. Analysis of the 
Structure of Precipitation Patterns in New England. 
Journal of Applied Meteorology, Vol. 11, pp. 1926-
935. 
 

[6] Churchill D.D. and Houze Jr, R.A. 1984. 
Development and Structure of Winter Monsoon Cloud 
Clusters on 10 December 1978. Journal of 
Atmospheric Sciences, Vol. 41, pp. 933-960. 
 

[7] Steiner M., Houze Jr, R.A. and Yuter S.E. 1995. 
Climatological Characterization of Three-
Dimensional Storm Structure From Operational Data 
and Rain Gauge Data. Journal of Applied 
Meteorology, Vol. 34, pp. 1978-2007. 
 

[8] DeMott C.A., Cifelli R. and Rutledge S.A. 1995. An 
Improved Method for Partitioning Radar Data Into 
Convective and Stratiform Components. 27th 
Conference on Radar Meteorology, Vail, CO, 
American Meteorological Society, pp. 233-236. 
 

[9] Biggerstaff M.I. and Listemaa S.A. 2000. An 
Improved Scheme for Convective/Stratiform Echo 
Classification Using Radar Reflectivity. Journal of 
Applied Meteorology, Vol. 39, pp. 2129-2150. 
 

[10] Zhang J., Langston C. and Howard K. 2008. 
Brightband Identification Based on Vertical Profiles 
of Reflectivity from the WSR-88D. Journal of 
Atmospheric and Oceanic Technology, Vol. 35, pp. 
1859-1872. 

 
[11] Luini L. and Capsoni C. 2013. On the Relationship 

Between the Spatial Correlation of Point Rain Rate 
and of Rain Attenuation on Earth-Space Radio Links. 
IEEE Transactions on Antennas and Propagation, Vol. 
61, pp. 5255-5263. 
 

[12] Capsoni C., Castanet L., Jeannin N., Luini L., 
Marzano F.S., Thurai M. and Bringi V.N. 2003. Radar 
Estimate of Attenuation at K Band in Stratiform Rain 
Using a Physical Model of the Melting Layer. 
Geoscience and Remote Sensing Symposium, 2003. 
IGARSS '03. Proceedings. IEEE International, Vol. 2, 
pp. 1154-1156. 
 

[13] Braun S.A. and Houze Jr, R.A. 1995. Melting and 
Freezing in a Mesoscale Convective System. Quart. J. 
Roy. Meteorological Soceity, Vol. 121, pp. 55-77. 
 

[14] Smyth T.J. and Illingworth A.J. 1998. Radar 
Estimates of Rainfall Rates at the Ground in Bright 
band and Non-bright band Events. Quart. J. Roy. 
Meteorological Soceity, Vol. 124, pp. 2417-2434. 
 

[15] Badron K., Ismail A.F., Ramli H.A.M., Ismail M., 
Ooi S.T. and Jamil S.F. 2013. Evaluation of 
RazakSAT’s S-band Link Signal Measurement with 
The Radar Derived Rain Attenuation.IEEE 
International Conference on Space Science and 
Communication (IconSpace), pp. 380-384. 
 

[16] Mandeep J.S. 2008. Rain Height Statistics for Satellite 
Communication in Malaysia. Journal of Atmospheric 
and Solar-Terrestrial Physics, Vol. 70, pp. 1617-1620. 

 

 
 
 

 
 
 

 


