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Abstract 

Nowcast system was developed as an operational system tool to forecast the 
current weather for a period of 0 to 6 hours ahead. Forecast information later 
can be used for warning the public of hazardous and high-impact weather such 
as natural disasters including tropical cyclones, thunderstorms and tornados 
which could cause flash floods, lightning strikes and destructive winds. 
Therefore, public can take early actions that possible to minimize the impacts 
of these disasters. Windstorm-producing thunderstorms release strong wind 
which capable causing significant damages to property and human life. On that 
basis, this phenomenon need to be monitor and forecast. However, before 
nowcast system for windstorm-producing thunderstorms can be developed, the 
first step is to determine the applicable observational data which potential to be 
used as input in order to produce accurate forecast for the following few hours. 
Observational data or weather observational data are data observed by satellite, 
radar, radiosonde and meteorological station and were under supervision by 
Malaysia Meteorological Department (MET Malaysia). Through examination 
toward observational data over 56 windstorm occurrences in 6 districts namely 
in Peninsular Malaysia, it was found that only radar echoes imagery is highly 
potential as observational data to be the input of predictive model in nowcast 
system. This is due to radar echoes not only have practical observation intervals 
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time but also could shows indicators and affected areas clearly. These 
observational data are examined through the maximum gust speed been 
recorded by meteorological station during windstorm occurrence. Thus, it is 
recommended that development nowcast system for windstorm-producing 
thunderstorms in Peninsular Malaysia should be focused on radar imagery 
echoes as the main observational data.  

Keywords : nowcast system, observational data, Peninsular Malaysia, 
verification     

 

INTRODUCTION 

Thunderstorm is a hydro-meteorological hazard and one of the most destructive 
meteorological phenomena because it can potentially create situation of damages and 
social impacts. Thunderstorms are often associated with hazardous and severe weather 
and capable of producing hail, devastating rain, strong gusty winds, frequent lightning 
and thunder. Heavy rain, hail, downdraft and even tornadoes as well as lightning and 
thunder are severe storm by-products. Due to various damages of windstorm, the 
Malaysian Meteorological Department (MET Malaysia) has categorised and classified 
storm as severe weather criteria, so that early warnings could be given to the public in 
taking an early necessary preventive actions. These warnings with locations and periods 
of occurrences are accessible to the general public through the department website, 
Facebook and Twitter. The forecasting is according to the colour-coded of convective 
cloud formation by radar echoes and specific focuses to the thunderstorm and heavy 
rainfall.  

Even though, radar echoes that had been used by Meteorological Department is capable 
detect the formation of convective cloud and development of severe weather, however 
this technology does not always imply a confirmed windstorm on the ground. In issuing 
warning, radar data alone is not sufficient because radar measurements are above 
ground ([1]; [2]). Studies on windstorm damages from satellite, radar, radiosonde and 
meteorological station parameters showed encouraging finding, more robust 
information and provide more reliable automatic guidance to forecasters [3].   

The existing mechanisms used in Peninsular Malaysia to detect and forecast windstorm-
producing thunderstorms is generally ineffective since most of the values of method of 
dichotomous forecast to measure the forecast accuracy such as Bias Score (BIAS), 
Probability of Detection (POD), False Alarm Ratio (FAR), Success Ratio (SR), Critical 
Success Index (CSI), Equitable Threat Score (ETS), Hanssen and Kuipers Discriminant 
(HK), Heidke Skill Score (HSS), Odds Ratio (OR) and Odds Ratio Skill Score (ORSS) 
is not close to the perfect score. Parameters of number of hit alarms (NA), number of 
miss alarms (NB) and number of false alarms (NC) with high inaccuracy further 
supported this matter. Moreover, false warning, no warning been issued for windstorm 
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occurred on that day, warning been issued after windstorm and impractical lead time is 
at the high rate were the facts that need to be of concern. Existing mechanisms are 
effective to detect and forecast thunderstorm occurrence but not effective for 
thunderstorm by-products such as strong winds (windstorm) since the main function of 
existing radar is to forecast heavy rainfall and formation of thunderstorms [4].  

Selection of applicable observational data are important to be as raw data or input to a 
predictive model in nowcast systems, so that the output of the model at a highly 
precision can be stimulated. Applicable observational data refers to a data which have 
significant correlation with the output and within practical time range. There are four 
main related observational data in observation of weather and hydrometeorology in 
Malaysia namely satellite imagery, radar echoes imagery, radiosonde data and 
meteorological station data which are all under supervision of MET Malaysia. The 
thunderstorm indicators will be only considered as sufficient if the observed indicators 
by radar and satellite are supported by ground-truth observation [5]. For that reason, the 
existing observational data need to be test run to identify whether it is applicable as 
input for the predictive model in nowcast systems or otherwise.  

 

Assessment of Observational Data 

All the observational data will be assessed except radiosonde to determine the 
appropriate observational data as the verification to the windstorm occurrence 
indicators. Observational data that been assessed are satellite images from FY-2E 
satellite (Figure 1), radar images from Doppler radar (Figure 2) and meteorological 
station data (Figure 3). Since observational data from satellite and radar are in the form 
of images, then both are assessed by the same method. A clear indicator is the colour 
codes of which the colour code represents temperatures band for satellite images, while 
the radar echoes was represented by reflectivity. The use of colour-coded on the satellite 
imageries and radar echoes imageries are the approach being adopted by the MET 
Malaysia in identifying the presence of severe weather threats. Thus, the satellite and 
radar echoes colour-coded are to be identified when the windstorm-producing 
thunderstorms occurred. Both images will be overlaid on a Google Earth Pro which had 
been coordinated in advance with the meteorological station locations (Figure 4, 
Figure 5, Figure 6 and Figure 7). Radius of 4 km be outlined around meteorology 
station, then the colour code that has the highest value according to hierarchy for 
satellite and the highest value for the radar within a radius of 4 km were observed. 4 
km radius is the intermediate distance to categorize either microbust with macroburst. 
The 4 km setting purposely regardless either the microburst or macroburst to occur, the 
colour-coded observation still can be performed because both phenomena are within 
the radius. 

Two images are required for the observations where the first image is before the time 
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of maximum gust speed, while the second image is after the time of the maximum gust 
speed. The maximum gust speed is used as a reference point based on 2 factors, first as 
like EF-Scale that sets the maximum wind speed in the damages path as the wind speed 
of the damage lies in the path [6] and second is to make maximum gust speed as a worst 
case scenario. Worst case scenario being considered with the assumption that if it works 
well for worst case scenarios, it must work even better for typical cases [7]. In this 
context, the public and local authorities could make early preparation according to 
expected worse damages in order to avoid situations in which most likely public will 
adversely impacted because early preparation actions are not taken to confront with 
worse damages of the disaster.  

 

Figure 1 : Typical satellite imageries 

 

 

Figure 2 : Typical radar echoes imageries 
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Figure 3: Typical meteorological station data 

 

 
Figure 4 :  Satellite imageries overlaid in Google Earth Pro 
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Figure 5 :  Radar echoes overlaid in Google Earth Pro 

 

Meteorological data for every 1-minute such as wind speed, wind direction, rainfall, 
dew point temperature, dry bulb temperature, wet bulb temperature, relative humidity 
and MSL pressure will be test run with the increase in intervals of 15 minutes to 3 hours 
of maximum peak gust for each study windstorm occurrence (Figure 8). Statistical 
analysis which applies multiple regression analysis is a method that will be carried out 
to measure and interpret the strength of a linear or nonlinear relationship between 
meteorological data and gust speed. The 3 hours of time period is set since nowcasting 
range of forecasts is between 0 to 2 or 3 hours. Statistical package for the social sciences 
18.0 (SPSS 18.0) software are used as a tool to analyse the data. Although there are 
three types of multiple regression solution procedures, in the study, simulation of 
regression coefficient is through stepwise. The stepwise procedure has an advantage 
because it is more economical and significant variables only considered into the 
regression. Multiple regression analysis is according to the equation where k > 2 : 

 

Criterion variable score, Ŷ = b1X1 + b2X2 + …………… + bkXk + a      

where    X = predictor variable 

               b = regression coefficient for each predictor variable  

              a = regression constant 

 

Regression coefficient, R = (β1ry1 + β2ry2 + ………… + βkryk)1/2             

where    β = beta coefficient 

               r = correlation between between the criterion variable Ŷ 
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Figure 6: Typical test run on satellite imageries 

 

 

 
Figure 7 :  Typical test run on radar echoes imageries 
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Figure 8 : Typical test run on meteorological station data (example : gust speed) 
 

All the meteorological data can be directly analysed from raw data except gust and wind 
speed which need to be calculated by following equation [8], if the station mast height 
was not at the standard height of 10 m : 

V10m = Vh(
10

ℎ
)1/8 

where    Vh = gust or wind speed measure by meteorological station 

               h = height of station mast 

 

RESULTS AND DISCUSSION 

Satellite imagery, radar echoes imagery and meteorological station data are the three 
observational data that are being carried out for test run. The main reason test run was 
not being carried out on radiosonde because radiosonde data have a long interval time 
approximately 12 hours and observing at a specific time either at 00:00 and 12:00. Long 

observation interval time had resulted in observing any drastically atmosphere changes 
especially when the changes are long away from radiosonde observing time. This will 
lead to the high possibility of the changes would not to be observed. This contradicted 
with the short period for the formation of the thunderstorm and producing windstorm 
which normally take between 15 to 30 minutes from develop to dissipated. As a result, 
chances for radiosonde to observe this phenomenon is at a low possibility. Information 
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from radiosonde data not being considered for a windstorm occurrence in the Kebun 
500, Pokok Sena, Alor Star, Kedah on March 19th, 2007 at 16:00 due to data from the 
radiosonde do not provide any indicators for that particular occurrence due to the long 
away time difference between radiosonde observing time which at 12:00 with the time 
of occurrence [9].   

Satellite imagery being test run were through examining its images, specifically its 
colour- coded over 4 km radius of meteorological station location during the time of 
maximum gust speed recorded by the meteorological station. The reasons for setting 
colour-coded as an indicator since colour is a physical form that can be obviously 
observe, moreover it easier to identify which of an area is at risk of windstorm 
occurrences through satellite imagery. From Table 1 which test run being carried out 
on 51 windstorm occurrences, it was found that satellite imagery considered not 
applicable to be used as input in the development of predictive model in nowcast system 
since there is no dominant category of temperature band that can be used as an indicator 
of the likely occurrence of windstorm-producing thunderstorms. Almost all categories 
indicated a windstorm occurrence.  In addition, satellite imagery observing time of 1 
hour is another factor. Due to the short life-cycle of thunderstorms and if it formation 
at intervals of a few minutes after the observing time, then the atmosphere changes 
during the thunderstorm formation will not be observed. A total of 5 windstorm 
occurrences did not undergone test run because of missing images.   

 

Table 1: Temperature band assessment on satellite imageries 

Temperature 

band 

Colour coded Colour Number  

(no.) 

Percentage 

 (%) 

< -80 White  4 7.8 
-80 to -70 Red  1 2.0 
-70 to -60 Light blue  9 17.6 
-60 to -50 Blue  1 2.0 
-50 to -40 Light gray  3 5.9 
-40 to -30 Light gray  6 11.8 
-30 to -20 Light gray  12 23.5 
-20 to -10 Light gray  1 2.0 
-10 to 0 Light gray  5 9.8 
0 to 10 Gray  3 5.9 
10 to 20 Gray  4 7.8 
20 to 30 Dark gray  0 0.0 

> 30 Dark gray  2 3.9 
Total   51 100.0 
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Table 2 : Reflectivity assessment on radar echoes imageries 
 

Reflectivity  

(DbZ) 

Colour coded Colour Number  

(no.) 

Percentage  

(%) 

- None  6 12 
5 to 10 Light blue  0 0 
10 to 15 Blue  2 4 
15 to 20 Dark blue  0 0 
20 to 25 Light green  2 4 
25 to 30 Green  0 0 
30 to 35 Dark green  2 4 
35 to 40 Yellow  2 4 
40 to 45 Dark yellow  0 0 
45 to 50 Orange  33 66 
50 to 55 Light red  0 0 
55 to 60 Red  3 6 
60 to 65 Dark red  0 0 
65 to 70  Magenta  0 0 
70 to 75 Purple  0 0 

Total   50 100.0 
 

Similar method was also being used to test run the radar imagery echoes. A total of 50 
windstorm occurrences were being test run, while 6 windstorm occurrences did not 
undergone test run because of missing images. Based on the test run results as shown 
in Table 2, it was found that the colour-coded orange cloud cell which is 45 to 50 dBz 
reflectivity is the dominant category, where nearly 70.0% study cases shows that the 
presence of colour-coded orange cloud cell in an area means that the area is exposed to 
the threat of windstorm occurrence. In presence of cell cloud which has higher than 45 
to 50 dBz reflectivity only involved 3 study cases or 6 %.  As a result, the presence of 
cloud cell with 45 to 50 dBz and higher need to be monitored. Actually, this liaised with 
severe weather criteria by Met Malaysia which classified colour-coded orange and red 
cell cloud were cell cloud and if presence need to be monitored. The presence of these 
cloud cells also known as thunderstorm or convective cells should be warned not only 
potential to produce thunderstorm by-products such as heavy rain but also release 
strong wind as well. Convective cell with reflectivity of 35 dBz and higher should be 
monitored and its presence as a threat because of a convective cell associate with 
convective phenomena which would produce downburst that could threaten aircraft 
during take-off and landing [10]. Thus, the radar echoes imagery can be considered as 
an applicable observational data to be used as input in the development of predictive 
model. It not only shows a clear indicator, moreover short observing time interval that 
is capable to observe at the time of the thunderstorm formation and its cells movement. 
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Table 3 : Percentage of study cases with multiple regression coefficient more than 0.7 
between predicted gust speed, wind direction and rainfall with current meteorological 

data 
Duration before maximum 

gust speed (mins) 

Events R2 > 0.7 (%) 

Gust Wind Direction Rainfall 

10 100.0 0.0 7.1 
20 100.0 17.9 3.6 
30 100.0 10.7 7.1 
40 100.0 7.1 3.6 
50 100.0 7.1 3.6 
60 100.0 7.1 0.0 
70 100.0 3.6 0.0 
80 100.0 0.0 0.0 
90 100.0 0.0 0.0 
100 100.0 3.6 0.0 
110 100.0 0.0 0.0 
120 100.0 0.0 0.0 
130 100.0 0.0 7.1 
140 100.0 0.0 0.0 
150 100.0 0.0 0.0 
160 100.0 0.0 0.0 
170 100.0 0.0 0.0 
180 100.0 0.0 0.0 

 

Satellite and radar provide hydro-meteorology information in the form of images. 
Meanwhile, the meteorological stations provide hydro-meteorological information in 
the form of quantitative and qualitative with more precision observing time series 
intervals as short as         1 minute. However, results of the test run on meteorological 
data as shown in Table 3 and Table 4 shows that meteorological stations data are 
considered not applicable as input in development of predictive model. Table 3 shows 
that based on 56 windstorm occurrences, gust speed can be predicted until over a period 
of 2 hours through input of other parameters such as wind speed and direction, rainfall, 
wet and dry bulb temperature, relative humidity and MSL pressure with multiple 
regression coefficient more than 0.7. However, this advantage does not contribute to 
the prediction of gust speed ahead. This was proven since multiple regression 
coefficient is less than 0.7 when using the earlier hydro-meteorological parameters 
including gust speed itself (15 minutes to 180 minutes earlier), even though the multiple 
regression coefficient much higher when the forecast period getting shorter (Table 4). 
This will cast doubtful on the accuracy of gust speed forecasts as multiple regression 
coefficient since it is not exceeding 0.7. Multiple regression coefficient equal to 0.7 is 
categorized as 'strong' in strength of correlation [11]. Despite of increasing precision 
forecasts when period of time become shorter but the short period of time before 
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knowing the intensity that could potentially causes damage will lead to the receiving of 
late warning that would make public or local authorities not having adequate time to 
make an early preparation. On the other hand, hydro-meteorological data were only 
effective to determine the gust speed with other hydro-meteorological parameters 
simultaneously but not ahead gust speed. Lead time is an important output of a 
predictive model.                          

Table 4 : Average of multiple regression coefficient and percentage of study cases 
with multiple regression coefficient more than 0.7 between predicted gust speed, wind 

direction and rainfall with earlier meteorological data 
 
Duration 

before 

maximum 

gust speed 

(mins) 

Multiple Regression Analysis 

Gust speed Wind direction Rainfall 

Average 

R2 

Event = 

R2 > 0.7 

(%) 

Average 

R2 

Event = 

R2 > 0.7 

(%) 

Average 

R2 

Event = 

R2 > 0.7 

(%) 

15 .658 
 

57.1 .352 25.0 .284 21.4 
30 .630 46.4 .541 39.3 .221 7.1 
60 .551 28.6 .382 10.7 .143 3.6 
90 .486 7.7 .341 7.7 .163 0.0 
120 .418 3.8 .233 0.0 .101 0.0 
150 .364 0.0 .217 0.0 .107 0.0 
180 .397 3.8 .221 0.0 .101 0.0 

 

The main factor hydro-meteorological data considered not applicable as input for the 
development of predictive model because of its relatively inadequacy to be the indicator 
in forecasting the gust speed in a practical lead time. In addition, another important 
factor is that the hydro-meteorological data is also not applicable to be used to forecast 
wind direction and rainfall ahead as well. Wind direction forecast is required to identify 
which areas have the potential of windstorm occurrence, while the quantity of rainfall 
was used to determine the certain potential damages when it is combined with gust 
speed. Thus, both hydro-meteorological parameters cannot be ignored and should be 
taken into consideration. Without knowing wind direction beforehand, it is able to cause 
confusion especially when there are more than one thunderstorm cells or clusters close 
to the meteorological station (Figure 9). This is to identify which of the thunderstorm 
cells or clusters that affecting meteorological station observations during that time. It is 
not impossible that downburst and downburst, downburst and tornado or tornado and 
tornado coexist with each other or occurred side-by-side at the same time. Two 
microbursts occurred side-by-side which first microburst was moving to the east-
northeast across northern Texas, while the other one moved west of Dallas on March 
25th, 1995 [12] and on March 23rd, 2001, two downbursts occurred in vicinity of 
airport Oberpfaffenhofen, Munich [13] were two classic examples of windstorm 
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occurrences that proven this matter. Effective short-term forecasts of severe 
thunderstorms can be done through a real-time source of wind data, however this 
forecast actually subjected to the forecast of the severe thunderstorms formation instead 
of forecasts its by-products either downburst or tornado ([14]; [15]).     

 

 
 

Figure 9 : Convective cell or cluster above meteorological station and damages 
respectively   

 

Through the test run results, the development predictive model in nowcast system need 
to make use of radar echoes imagery as basic raw data and subsequently as input model 
because only this observational data is applicable compared to other observational data 
such as satellite, radiosonde and meteorological station. The precision is liaised with 
recommendations by [16] where development of predictive models regarding to an 
event of catastrophic storms, radar detection is the only suitable approach to be used as 
the basis quantities and observational data for verification of downburst and damaging 
winds forecast. Although, existing mechanism to detect and forecast windstorm 
producing-thunderstorm in Peninsular Malaysia which depends on the radar detection 
is ineffective, however the issue is not about using radar detection but how to make use 
the information from the radar echoes to enhance the quality of forecasting windstorm 
producing-thunderstorms to the next level [4].   

 

Meteorologic
al station Damages 
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CONCLUSION 

Thus, in developing predictive model in nowcast system subjected to windstorm-
producing thunderstorms or thunderstorm by-products in Peninsular Malaysia, the 
thrust of predictive model should utilise radar echoes imagery as the main observational 
data. Radar imagery echoes not only provide a clear indicator related to windstorm-
producing thunderstorm but also with a practical observing time which will provide 
more lead time with accurate information on the potential location. The most important 
task that need to be focused actually is how to manipulate other indicators such as 
attributes of convective cells or clusters beside colour-coded indicator from radar 
echoes imagery. Next step is manipulating these indicators in order to be stimulated for 
prediction/forecast outputs related to windstorm-producing thunderstorms in machine 
learning models, where the outputs can be used as an information in early warning to 
be disseminated to local authorities and public at affected area. Examples of some 
severe storm nowcasting tool that utilised radar echoes imagery as observational data 
are TITAN, S-PROG, GANDOLF, Nimrod, ANC and TRACER.  

Utilisation of applicable observational data will result in the prediction/forecast outputs 
at highly precision since observational data could provide an indicators related to 
windstorm-producing thunderstorms and through these indicators, predictive model 
frameworks can be developed. Moreover, highly precision early warning will benefit 
the public but if otherwise, it will cause difficulties. An effective early warning system 
is the system with highly precision of the prediction which capable produce a high 
percentage of the correct warning.  
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