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Abstract: In the present paper, a technique was developed for rainfall estimation utilizing Kalpana-1 satellite data. In 

the present technique, two indices are used to discriminate rainy/non-rainy pixels based on spatial gradient of cloud top 
brightness temperature (CTBT). The two indices are made from the Thermal Infrared (TIR) and WaterVapor (WV) 

measurements of Kalpana-1 data. The first index is TIR-mean5 and WV-mean5 provides information about the spatial 

variability of CTBT in 5X5 pixels. A high value of spatial variability indicates a convective-cloud. The second index is 

CTBT standard deviation ( SD) which provides information about the cloud. A large SD indicates the presence of rainy 
clouds normally convective clouds where as small SD indicates thin non rainy circus clouds. Using non linear empirical 

relation, rainfall is assigned to every rainy pixel. The obtained rainfall is compared with other global precipitation 

product such as TRMM Multisatellite Precipitation Analysis (TMPA-3B42 version 7) and Indian Meteorological 
Department (IMD) gridded rain gauge data  in terms of Root Mean Square Error (RMSE) and Correlation coefficient 

(CC). The proposed technique performs better estimation of rainfall when compared to TMPA-3B42 V 7. 
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1.  Introduction 
Rainfall, which is a highly variable atmospheric parameter at high spatial and temporal scale. 

Conventionally, rainfall can be measured using rain gauges and ground radars. Due to uneven distribution of 
rain gauges and scarcity of ground radars, satellite data are used for estimations of rainfalls all over the world 
[1]. Now a days, satellite data is available at free of cost, hence rainfall estimation using satellite remote 
sensing data becomes a cost effective method. Large number of rainfall estimation techniques are available 
which use various sensors data, has its own advantages and limitations. The advantage of Geo-stationary 
satellites are its high temporal resolution (nearly half an hour) which carries visible(VIS), WV and TIR 
sensors. But the limitation is, these sensors does not have direct relation with rainfall. Polar orbiting satellites 
,which carries microwave sensors, have direct relation with rainfall but suffers with low temporal 
resolution(nearly twice a day). Unlike TIR measurements, Microwave (MW) measurements provide physical 
connection with rain and hydrometeors since they penetrate through clouds but suffers with poorer temporal 
and spatial resolutions (lower orbiting satellites gives less coverage). Hence there is a need to merge TIR 
measurements and MW measurements for better estimates of precipitation which gives rise to hybrid 
algorithms. Over the few decades, hybrid algorithms were developed by combining the  microwave 
observations from polar-orbiting satellites and TIR-brightness temperature (TBs) from the geostationary 
satellite to estimate rainfall [2, 3]. Few algorithms were developed for Indian regions to estimate rainfall 
utilizing hybrid algorithms [4, 5]. The methods based on VIS/TIR images tries to find a relation between the 
surface rain rate with cloud top brightness temperatures. Among the VIS,WV and TIR data, many algorithms 
uses TIR data as they provide information about CTBT. The basic principle in using VIS and TIR channels 
of geostationary satellites is, thick clouds are associated with rainfall and these thick clouds are appeared as 
bright clouds in visible imagery. In infrared imagery, heavier rainfall is associated with larger, taller clouds 
having colder cloud tops. The basic methods used to discriminate raining and non-raining pixels is the simple 
threshold technique which uses a CTBT threshold of 235 K [6]. If the value of CTBT less than 235 K, then it 
is considered a rainy pixel; otherwise, it is treated as a non-rainy pixel. This technique fails to discriminate 
thin cirrus clouds which has low CTBT but does not produce rainfall. Hence , a cloud growth factor is used in 
association with simple threshold technique to separate the cirrus clouds from convective clouds [7].The 
surface rainfall rate associated with the CTBT is not consistent and it varies regionally. Hence , for different 
topologies different threshold values are assigned in different algorithms[8, 9, 10]. Some algorithms uses 
machine learning techniques to discriminate the rainy and non-rainy pixels. An efficient way of determining 
an empirical, nonlinear relationship between a number of „„inputs‟‟ and one or more „„outputs  can be done 
using Artificial Neural Network (ANN). Now a days, an efficient way have been developed  for estimation of 
rainfall using ANN techniques [11]. 
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2. Data Used: 
2.1. Kalpana-1 Data: 

Kalpana-1 satellite is the first dedicated meteorological geostationary satellite launched by Indian 
Space Research Organization (ISRO) using Polar Satellite Launching Vehicle (PSLV) on 12th 
September 2002. The main objective of this mission is to monitor and collect the weather data of 
Earth from the space. This geostationary satellite carries onboard a Very High Resolution Radiometer 
(VHRR) for three band images and a Data Relay Transponder (DRT). The VHRR sensor operates in 
three wavelengths band namely VIS, TIR and WV. In WV and TIR, spatial resolution is 8 km where 
as inVIS band spatial resolution is  2 km. 

(a) Thermal IR band, TIR: 10.5–12.5 μm. 

(b) Visible band, VIS: 0.55–0.75 μm. 

(c) Water vapor band, WV: 5.7–7.1 μm. 

In the present study we used the IR and WV data. 

2.2. TMPA-3B42V7: 

By taking the advantages of geostationary IR data and low-earth orbiting MW observations along 
with gauge-adjusted rainfall ,TMPA–3B42 precipitation product is generated. In this algorithm, 
available passive MW and IR estimates are combined by calibrating IR measurements[12]. However, 
available MW estimates are taken and the rest of the empty grids are filled with IR measurements. By 
using the inverse variance weighting method, the rain gauge data which are available over land are 
combined with this multisatellite product at a monthly scale and rescaled to a three-hourly scale. This 
precipitation product is known as the research version monitoring product and is different from the 
real-time product. Presently, the TMPA 3B42v7 data is released by making major corrections in 
TMPA 3B42v6. Differences in error characteristics of this V7 product from V6 over tropical oceans 
with rain gauge data from the available moored buoys at a monthly time scale were recently reported 
[13]. 

2.3. IMD gridded rain guage data: 

For the evaluation of  three SRE's over India, data developed by the IMD are used[14]. Rainfall 
observations collected from more than 4000 gauge stations spread across India are used for the 
development of this gridded rainfall data set .By using a standard interpolation method ,the data from 
available AWS stations are interpolated into a regular grid of 0.25° latitude/longitude. Although rain 
gauges used for the preparation of these data are not uniformly distributed in both space and time 
over India , this is assumed to be a more realistic representative of ground-truth and is hence widely 
used for various meteorological and climatological applications. The temporal and spatial resolution 
of the rainfall products are listed in Table 1. 

 

Table 1: Temporal and spatial resolution of the rainfall products 

Rainfall Product spatial resolution temporal resolution 

Kalpana-1 Regridded to 0.25
o
X0.25

o
 Half-hourly 

TMPA-3B42 V7  0.25
o
X0.25

o
 Three Hourly 

IMD gridded rainguage dataset Regridded to 0.25
o
X0.25

o
 Daily 

 

 

3. Methodology: 
Rain is a highly randomly distributed quantity hence determination of rainy and non rainy pixel should be 

done properly. Depending on the CTBT of thermal IR and WV channels, identify the thin cirrus, deep 
convective and very deep convective clouds using Roca method [15]. According to Roca method, the clouds 
are classified based on CTBT threshold values which are enlisted in Table 2. 
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Figure 1.  Flow Chart of the Present Algorithm 

Table 2: Classification of clouds based on Roca method 
Cloud Type  CTBT Threshold  

Clear Sky If TIR>282 K and SD<0.5 

Cloudy Sky otherwise 

Mid to Upper level clouds If TIR<270 

Low level Clouds Cloudy and if TIR>270 and WV>246 

Thin Cirrus clouds Cloudy and if TIR>270 and WV<246 

 

In the present technique, rainy pixel is not classified based on threshold values of CTBT rather it depends 
on mean and SD values of CTBT.In the present technique, clouds are separated from the clear sky based on 
segmentation and Threshold technique. A pixel is considered as a cloud pixel if it satisfies the following 
criteria: 

 i)     Brightness Temperature of TIR band (BT TIR) < 260K and 

 ii) Brightness Temperature of TIR band (BT TIR) - Brightness Temperature of WV  
               band (BT    WV) < 20K 

  Out of the several clouds only convective clouds produces rainfall where as the other cloud does not 
produce rainfall. Discrimination of rain bearing cloud from other clouds can be done using two indices. The 
first index is  

TIR-mean5 and the second index is SD. A high value of these two indices represents a convective cloud 
which produces more rainfall. If the value of TIR-mean5 < -25K and the value of SD > 3K then the cloud can 
be determined  as convective one which is likely to produce more rainfall. Fig. 1explains the flow chart of the 
present algorithm. For the daily rainfall; each half  hourly rainfall is calculated using this algorithm. Then 
these half  hourly rainfall are cumulatively added to get the daily rain. Validations are made over land and 
ocean for heavy rainfall days using TMPA-3B42 v7 .The comparisons are done over 0.25ox0.25o grid spatial 

Estimation of Rainfall for Rainy Pixels 

using non-linear power relation 

Estimation of 

Daily Rainfall 

Half-Hourly Images of 

KALPANA_1 TIR, WV Data 

Conversions from Gray Count to 

Brightness Temperature(Tbs) 

Look-Up Table 

for Calibration 

Grid Average of TIR &WV 

bands (0.25
o
x0.25

o
) 

TIR and WV cloud classification based on 

Segmentation and Thresholding 

               TIR-mean5 <-20 K 

             Standard Deviation(SD)>5 K 
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resolution. In order to validate the Kalpana-1 data with global rainfall data product, Kalpana-1 data are 
regridded to 0.25o X 0.25o spatial resolution.  

3.1. Statistics of Heavy Rainfall Event: 
To assess the performance of the present technique, the obtained results are compared with TMPA-3B42 

v7 and IMD gridded rain dataset in terms of RMSE and CC. 

𝑅𝑀𝑆𝐸 =  
1

𝑁
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Where N is the total number of samples, i= 1, 2, … N and X is the satellite rainfall estimation and O is the 
actual observation at the grid. 

4. Results and Discussion: 

4.1. Case Study: Rainfall Event over Chennai during 09
th

 ,November,2015 
The daily rainfall on 09

th
,November,2015 has been presented using the present technique. Figure 2 shows 

the convective cloud formation over Chennai region. Figure 3 shows the daily rainfall using Kalpana-1 , 
TMPA-3B42v7, IMD and the error between Kalpana-1 and TMPA-3B42v7.In quick succession, two troughs 
of low pressure developed over Southeast Bay of Bengal during last week of November which move 
westwards towards Tamil Nadu coast. This causes very heavy rainfall at Tamil Nadu . From the results it is 
clearly observed that rainfall using kalpana-1 overestimates when compared with TMPA 3B42 V7. The 
correlation coefficients and RMSE obtained for the three rainfall products are listed in Table 3. 

 

Figure 2.  Kalpana images at (i)0045 UTC (ii)0345 (iii)0645 (iv)0945 
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Table 3. Statistical measures of three rainfall products 
 Kalpana-1 Vs TMPA-3B42 v7 TMPA-3B42v7 Vs IMD IMD Vs Kalpana-1 

Correlation Coefficient  0.8517 0.5215 0.6715 

RMSE (in mm) 2.3215 8.7612 5.3615 

 

 

Figure 3.  Daily rainfall on 09th,November using (a) Present Technique (b) TMPA 3B42v7 (c)IMD gridded data 

 (d) Error between Present Technique and TMPA 3B42v7 

 
5. Conclusions: 

  The present study assess the performance of the present rainfall estimation technique with the other 
satellite rainfall estimate(SRE) algorithm such as TMPA-3B42v7 and IMD gridded data. Better correlation 
coefficient and RMSE values are obtained when compared to TMPA-3B42v7 and IMD gridded data . Based 
on the above results, we can conclude that the present technique utilizing Kalpana-1 provides better 
estimation of rainfall when compared to TMPA-3B42v7 Rainfall product. 
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