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ABSTRACT 

Rainfall intensity retrieval from satellite data and its comparison with the meteorological 

sensors suffers from using the data for an optimal time period. The ground based dual 

frequency microwave radiometer at vale-do-pariba(-22.90), Brazil, was installed under a 

project ,CHUVA,during one month campaign period .The results show that 11
2�  hour 

interval would be the optimal time period and provides a better accuracy than 

30mins,1hour,2hours intervals. The differential method was established statistically to find its 

goodness about rainfall intensity using the ground based radiometric method. The results 

show that the coefficient of determination value is 0.86729;correlation coefficient value is 

0.9312;reduced chi-square value is 2.00815 and the rms error value is 0.749.The differential 

method in finding the rainfall intensity by statistical analyses was found to be a better choice 

than using only the brightness temperature method because the atmospheric background and 

the environmental influence change the brightness temperature which is only due to the liquid 

content in the air.On the other hand ground based radiometry is a better choice because of the 

fact that it always measures the down welling radiation or from the ice particles, if any or the 

horizontal in- homogeneity. 
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1. INTRODUCTION 

Rainfall of the tropics plays an important role in controlling the global heat balance and 
global water cycle. In fact, majority of the efforts have been made during the last decades to 
characterize the statistical and dynamical aspects of rainfall rate. The prediction models are 
some way or other semi-empirical, which essentially needs the rainfall rate measurement at a 
point on the surface of the earth. Most of these rain models developed so far were based on 
the data collected from temperate regions. Generally, in these regions rain is mostly of 
stratiform structure, which is “light” with relative large rain cell diameters.However, in the 
tropics, rain at times is from convective rain-cells, with relatively small diameters (Bryant, et 
al, 2001; Pan et al, 2001;Bowthorpe et al, 1990; Ramachandran & Kumar, 2005) often 
resulting in ‘heavy’ downpours for short periods. 

The accurate retrieval of rainfall intensity from satellite data must involve the scattering and 
emission signals, respectively, which makes the retrieval process complex. Moreover, much 
research has used ground-based rain gauge data to evaluate the accuracy of the rainfall 
intensity estimation of satellite data. There has always been the problem that the sensors 
mounted on satellites measure a whole vertical column, but that raindrops or ice particles 
aloft do not fall to the ground instantly. It is thus only meaningful to compare the rain gauge–
measured rainfall intensity with those retrieved from satellite data for a certain time period. 
But the time period becomes a crucial question .Here in our study effort has been made to 
find out the optimal time period for a particular place of choice. Because of the continuity of 
the measurement of rainfall by ground-based microwave radiometers could be useful. 
Moreover, ground-based microwave radiometers measure the down-welling radiation and 
hence only a little in-homogeneity is involved, and the signals come only from the emission 
of atmospheric liquid particles so the signal of ice scattering is not involved. All the above 
advantages make the retrievals simpler and more suitable in comparison with satellite 
retrievals, leading to a better understanding of the physics of microwave emission and 
scattering due to raindrops or ice particles. 
 

The radiometer has been designed for ease of use, accuracy, reliability, portability, 
etc. As in this case the radiometric technique is a passive technology, it does not emit 
radiation detectable by any normal means. The MP-3000A series radiometer consists of 35 
channels is installed for the purpose at vale-do-pariba(-22.90), Brazil. This radiometer 
incorporates two radio frequency (RF) subsystems in the same cabinet. These RF subsystems 
share the same antenna and antenna profiling system. The water vapour band were utilized 
for the measurement of sky brightness temperature at selected frequencies between 22.5 and 
23.834 GHz. The antenna system has a clear view of the sky from horizon to horizon, at least 
in one vertical plane. However, in our case, the antenna is pointed towards the zenith. The 
radiometer is controlled by radiometrics proprietary software. Calibration is done using liquid 
nitrogen and displayed in graphical format. There are three options in the main menu of the 
software: level ‘0’ files (raw sensor data in volts), level ‘1’ files (brightness temperatures) 
and level ‘2’ files (profile retrievals). Here, in our study we have used only the level ‘1’file. 
The radiometer outputs in the level ‘1’ file were taken in the form of sky brightness 
temperature (𝑇𝑏). Care has been taken for proper calibration of the radiometer between the 
cold source (built into the radiometer) and sky brightness temperature.  However, The 
radiometer is capable of collecting data during all-weather conditions which includes clear 
and cloudy sky and raining conditions. The radiometric measurements in the rainy conditions 
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make it less accurate because of accumulation of water beads on the outer housing (radome). 
Recently, care has been taken by the Radiometrics Corporation in applying rain-effect 
mitigation methods by using a hydrophobic radome and forced airflow over the radome 
surface. Equipment named the ‘superblower’ is mounted in the radiometer and is used to 
sweep out water beads away from the rain sensor mounted on the top of the blower system 
( 32TUwww.radiometrics.comU32T).  

 The total attenuation was calculated from the measured brightness temperatures at the 
desired frequencies by using the relation given by Allnutt (1976) 
 
𝐴(𝑑𝐵)  = 10𝑙𝑜𝑔10 �

(𝑇𝑚−𝑇𝑐)
(𝑇𝑚−𝑇𝑏)

�                                                                                                 (1) 
 
Here 𝑇𝑚 is the mean atmospheric temperature in K; 𝑇𝑐 is the cosmic background whose value 
is taken as 2.7 K and 𝑇𝑏 is the brightness temperature in K. For the sake of clarity we have 
taken the value of the mean atmospheric temperature (frequency dependent)𝑇𝑚 = 297K. 
 
2. Radiometer specification: model MP-3000A 
 
Brightness temperature range (K) = 0 –400 
Calibrated brightness temperature accuracy (K) = 0.5 
Long-term stability (K year P

-1
P) < 1.0 

Integration time (s) (user selectable in 10 ms increments) = 0.01–2.5 
Resolution (K) (depends on integration time) = 0.1–1 
Antenna characteristics 22.5 GHz, 23.834 GHz 
Half power beam width (◦) = 6.3 (22.5 GHz), 4.9(23.834 GHz) 
Gain (dBi) = 30 (22.5 GHz), 32 (23.834 GHz) 
Side lobes (dB) < -23 (22.5 GHz), < -24 (23.834 GHz) 
Pre-detection channel bandwidth (MHz) (effective RF bandwidth) = 300 
 
3. METHODOLOGY 

Much previous research has shown that a good relationship between the microwave 
brightness temperature and the rainfall intensity exists under certain conditions. Therefore, 
we try to find this relationship and use it to establish a rainfall intensity estimation model 
using ground-based dual-frequency microwave brightness temperature data. For this study, 
we use the differential method. This method determines the relationship between temporal 
changes in rainfall intensity and brightness temperature. Because the microwave brightness 
temperature is influenced by the precipitation, it is reasonable to estimate the rainfall intensity 
using temporal changes in the brightness temperature. The advantages to this approach are 
that any unwanted stray radiation from the ground or nearby objects can be eliminated, and 
the problem of beam filling of the wide lobe angle (25º) can be reduced (Gin-Rong Liu and 
Chung-Chih Liu,2001).  
 
The differential method can be written as follows: 
 
𝑅𝑖= 𝑅𝑖−1 + ∆𝑅𝑖                             (2) 
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∆𝑅𝑖 = a + b∆𝑇𝑏22𝑖 + c∆𝑇𝑏23𝑖          (3) 
 
where 𝑅 is the rainfall intensity; ∆ is the temporal change in the rainfall intensity or the 
brightness temperature; i is the time index; 22 and 23 are the values observed at 22.5 and 
23.834GHz, respectively; and a, b, and c are the regression coefficients. Temporal changes in 
the rainfall intensity can be derived by substituting temporal changes in the brightness 
temperature at 22.5 and 23.834 GHz into equation (3). The rainfall intensity then can be 
estimated by adding any temporal changes in rainfall intensity to that for the previous time 
step following equation (2). 
 
To find out the coefficients described earlier for single channel simple linear regression 
method has been used. The linear fitting to the given data set provides the mathematical 
model as (Das,1989) : 
 
 y = 𝛽0 + 𝛽1𝑥 + 𝜖                                                                                                                     (4) 
 
𝜖 ~ 𝑁 (0,𝜎2)                                                                                                                           (5) 
 
19TWhere βR0 Ris the y intercept, βR1R is the slope and ε is the error term. The error term represents 
the unexpected or unexplained variation in the dependent variable. Usually, its mean is 
expected to be zero. It is to be mentioned here that19T for a given dataset (xRiR, yRiR ), i = 1,2,...n -- 
where 𝑥 is the independent variable and 𝑦 is the dependent variable .Recalling equation (4) 
we assume that the residual is 

𝑟𝑒𝑠𝑖 = 𝑦𝑖 – (𝛽0 + 𝛽1𝑥)                                                                                                             (6) 

Now conforming a normal (Gaussian) distribution with the mean equal to zero and the 
variance equal to σRiRP

2
P, the maximum likelihood estimates of the parameters βR0R and βR1R can be 

obtained by minimizing the chi-square, defined as: 

𝜒2 = ∑ (𝑦−𝑦�)2

𝜎𝑖
2

𝑛
𝑖=1                                                                                                                         (7) 

Where σRiR are the measurement errors. If they are unknown, they should all be set to 1. 
 

To find out the coefficients for dual channel multiple linear regression method has been 
used.19TMultiple linear regression studies between several predictor variables and a response 
variable have been made and hence the mathematical model can be written as  

y = 𝛽0 + 𝛽1𝑥1𝛽2𝑥2+ ……….. +𝛽𝑘 𝑥𝑘 +  𝜖                                                                               (8) 
 
𝜖 ~ 𝑁 (0,𝜎2)                                                                                                                           (9) 

19Twhere βRiR, i=1, 2, .., k, are the coefficients and ε is the error term. The error term represents the 
unexpected or unexplained variation in the dependent variable. It has been assumed that the 
mean of the random variable ε is zero. 
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Multiple linear regression is an extension of the simple linear regression where multiple 
independent variables exist. It is used to analyse the effect of more than one independent 
variable on the dependent variable y. Recalling equation (8)we assume that the residual for 
multiple regression analyses is 
 
𝑟𝑒𝑠𝑖 = 𝑦𝑖 – (𝛽0 + 𝛽1𝑥1𝛽2𝑥2+ ……….. +𝛽𝑘 𝑥𝑘 +  𝜖 )                                                             (10) 

 

 

Coefficient of Determination(COD) 

The quality of linear or multiple regression can be measured by the coefficient of 
determination (COD), or R-square, which can be computed as follows 

𝑅2= 1- 𝑅𝑆𝑆
𝑇𝑆𝑆

                                                                                                                              (11) 

where 𝑅𝑆𝑆 and 𝑇𝑆𝑆 are residual sum of squares and total sum of squares respectively. RP

2
P is a 

value between 0 and 1. Generally speaking, if it is close to one, the relationship between 𝑋 
and 𝑌 will be regarded as very strong, and we can have a high degree of confidence in our 
regression model. 

We can further calculate the adjusted RP

2
P as 

𝑅2���� = 1-  
𝑅𝑆𝑆

𝑑𝑓𝑒𝑟𝑟𝑜𝑟�
𝑇𝑆𝑆

𝑑𝑓𝑡𝑜𝑡𝑎𝑙�
R                                                                                                                       

R(12) 

where 𝑑𝑓𝑒𝑟𝑟𝑜𝑟 and 𝑑𝑓𝑡𝑜𝑡𝑎𝑙are error in degree of freedom and total degree of freedom 
respectively. In theory, it is a more accurate goodness-to-fit measurement than the RP

2
P, when 

RP

2
P is calculated from a small sample. 

The R-value is just the square root of RP

2
P: 

𝑅 = √𝑅2 R                                                                                                                                                                            
R(13) 

In  regression analysis , the correlation coefficient between 𝑥 and 𝑦, denoted by 𝑟, equals to 

𝑟 =  𝑅           if βR1R is positive, and 

𝑟 =  −𝑅       if βR1R is negative. 

 
19T4.RESULTS AND ANALYSIS 
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As a part of the objective of the CHUVA project, the rainfall intensity data were classified 
into several categories for the present purpose. We have restricted ourselves to the rain rate 
namely between 0-15mm/hr, 15-30mm/hr. According to Karmakar and Halder (2012) the 
occurrence of rainfall intensity of 10mm/hr at Vale-do-Pariba in the month of June shows 
maximum and hence we have restricted ourselves within 10mm/hr. 

The purpose of this study is to find the optimal time period from radiometry data and to 
establish an algorithm for rainfall intensity estimation. Following the algorithms as 
mentioned above and using the differential method (as mentioned in equation 3) the curve 
fitting parameters (𝑎, 𝑏, 𝑐), coefficient of determination(COD/𝑅2), correlation 
coefficient(√𝑅2),reduced chi-square values and measurement errors (𝜎𝑖2) for different time 
intervals have been found out for both single channel and dual channel frequencies.The 
following tables show the values of the respective parameters. 

Table1: Parameters for 30 minutes time interval 

Channel 
frequency 

Coefficient Adjusted RP

2 

(Coefficient 
of 

determination) 

√𝑅2(Correlation 
coefficient) 

Reduced 
Chi-
square 

𝜎𝑖2 
 
𝑎 

 
𝑏 

 
𝑐 

22.5GHz 0.06383 0.08739  0.71634 0.8463 1.50323 0.941 
23.834GHz 0.04097  0.07588 0.72331 0.8504 1.46628 0.941 
Dual 
frequency 

0.01416 -0.1014 
 

0.16345 0.71729 0.8469 1.49816 0.911 

 

Table2:Parameters for 1 hour time  interval 

Channel 
frequency 

Coefficient Adjusted RP

2 

(Coefficient 
of 

determination) 

√𝑅2(Correlation 
coefficient) 

Reduced 
Chi-
square 

𝜎𝑖2 
 
𝑎 

 
𝑏 

 
𝑐 

22.5GHz 0.07253 0.06857  0.68137 0.8254 2.71916 0.882 
23.834GHz 0.04615  0.06014 0.69808 0.8355 2.57653 0.882 
Dual 
frequency 

-0.1092 0.40173 -0.3941 0.72356 0.8506 2.3591 0.823 

 

 

Table3:Parameters for 1 ½   hours’ time  interval 

Channel 
frequency 

Coefficient Adjusted RP

2 

(Coefficient 
of 

determination) 

�𝑅2 
(Correlation 
coefficient) 

Reduced 
Chi-
square 

𝜎𝑖2 
 
𝑎 

 
𝑏 

 
𝑐 

22.5GHz 0.17439 0.08415  0.87608 0.9359 1.87513 0.833 
23.834GHz 0.11289  0.07367 0.88029 0.9382 1.81149 0.833 

130 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 9, September 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

Dual 
frequency 

0.09249 0.09789 -0.0277 0.86729 0.9312 2.00815 0.749 
 

 

Table4:Parameters for 2 hours’ time interval 

Channel 
frequency 

Coefficient Adjusted RP

2 

(Coefficient 
of 

determination) 

√𝑅2(Correlation 
coefficient) 

Reduced 
Chi-
square 

𝜎𝑖2 
 
𝑎 

 
𝑏 

 
𝑐 

22.5GHz 0.18415 0.08937  0.80262 0.8958 3.49409 0.777 
23.834GHz 0.11926  0.0784 0.79739 0.8929 3.58669 0.777 
Dual 
frequency 

0.31396 -0.1584 0.26944 0.77466 0.8801 3.98907 0.666 
 

 

The above tables show that the optimal time period for the radiometry data collected under 
CHUVA Project over vale-do-pariba is 1½ hours because it can be clearly seen from the 
tabulated data that the coefficient of determination (COD/𝑅2) and correlation coefficient 
values for the time interval 1½ hours are the highest among all and they are close to 
1.Moreover the analyses done with dual channel frequency for 1½ hours interval exhibits a 
degree of freedom 9 and it shows a reduced chi-square value of 2.00815.According to chi-
square distribution table for a degree of freedom equal to 9 if the chi-square value is equal to 
2.008 then its  probability will have a value of 0.99.Figure 1 and figure 2 show the curves for 
linear regression analysis for single channel frequency 22.5GHz and 23.834GHz respectively 
for time intervals 1 and ½ hours. Whereas figure 3 and figure 4 show the variation of COD 
and correlation coefficient with time for the dual channel frequency for different time 
intervals.  
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Fig1: Changes in brightness temperature versus changes in rain fall intensity for channel 
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frequency 22.5 GHz for 1 ½ hours’ time interval. 
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Fig2: Changes in brightness temperature versus changes in rain fall intensity for channel 
frequency 23.834GHz for 1 ½ hours’ time interval. 
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Fig 3 :Coefficient of determination versus time for dual channel frequency 
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Fig 4 :Correlation coefficient versus time for dual channel frequency 

5.SUMMARY AND CONCLUSION 

Using equation (2) and equation (3) we can derive the rainfall intensity by using the dual 
frequency channel and its optimal time period. The relationships between temporal changes 
of different time periods for dual channel in the rainfall intensity and in the brightness 
temperature were examined and are shown in Fig. 3. The coefficient of determination (𝑅2) of 
1 ½ hourly change is larger than those for the other time periods. Therefore, a 1 ½ hourtime 
period serves to be the optimal time period. In addition, the dual-channel mode was tested 
through training data for a1 ½ time period, and it showed that a better correlation could be 
reached than for the single-channel mode (Table 3). 
The estimated rainfall information by using equations (2) and (3) by ground based dual 
channel microwave radiometry may also be compared with the satellite based retrievals for a 
better understanding of the microwave emission from the rain drops and the microphysics of 
the cloud morphology. 
It is to be mentioned here the changes in brightness temperature are caused only by the 
changes in liquid water content in the air. It also shows that the differential method described 
above should be a better choice for estimating the rain fall intensity that the brightness 
temperature only. 
In this context it is worthwhile to mention that in Taiwan (24.90N) the optimal time period 
was found to be 1 hour interval but here in our case the optimal time period is 1 ½ at Vale-
do-Pariba(-22.90),Brazil. 
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