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ABSTARCT 
 
 
Many papers are dedicated to achieving the goal: assessment of rainfall in real 

time with weather radar. One of the methods gave satisfactory results also called 

Area-Time Integral Method. The ATI technique provides a means of estimating 

total rain volumes using area covered by rain events.  

This paper is concerned with secondary analysis of the results obtained using the 

ATI method. For the period 1991 - 2000 years using the ATI method, 437 pairs of 

values of area (A) / total rain volumes (Q) are processed. Area is defined  as area 

covered by rain events surrunded  by threshold values of radar reflectivity factor 

Zt = 25 dBz. Precipitations represent a 24-hour rainfall measured on the ground. 

 Assuming linear relationship and using the method of least squares, the 

relationship Q - ATI obtained correlation coefficient 0.7033, and slope of the 

regresion line a = 2.068 . The main reason for the relatively weak link is that the 

sets of values for Q and ATI were obtained from separate measurements, which 

are not made for ATI method evualuation. Values for Q are from rain 

measurement station networks. Values for ATI (i.e. radar reflectivity factor Z) 

were obtained from radar measurements for the Hail suppression systems of the 

Republic of Macedonia. The pairs Q - ATI, obtained by processing the basic data, 

have been processed and by the method of moving averaging thus achieved an 

increase in the raletionship coefficient.  

 

1. Introduction 

 The possibility of accurately measuring the intensity and quantity of 

precipitation has long been one of the main goals of radar meteorology (Wexler, 

1948). The continued development of radar systems and calibration technique 



doubles the accuracy of measurements but question the accuracy of radar 

measurements of rainfall is still open. 

 The basic idea which is based on this measurement is simple: look for the 

connection between the signal reflected from precipitation, expressed through the 

radar reflectivity factor Z and rainfall intensity on the ground Rg, measured in the 

traditional manner,  through an empirical Z - R relation. Typically, this relation has 

the general form (1). 

Despite the quality of calibration methods, in practice are often obtained  the 

results that more or less different from the reality. The causes are mainly 

associated with improperly defined constants or ambiguity in relation to Z - R. 

Battan (Battan, 1973) has developed a list of 69 empirical relations Z - R obtained 

for different climatic conditions in different parts of the world. 

 In this paper ATI method is applied to long-term data series. The study 

included rainfall and ATI data for the period 1991 - 2000 years. Since the radar 

observations made for Hail suppression systems (the period April - October each 

year) the results obtained using the ATI method is related to the convective 

summer rainfall. 

The primary goal of this paper is to analyze the accuracy of the results obtained 

by ATI in order to test its validity. Therefore, the primary results, have been 

processed by the moving averaging method. 
 

2. The concept of the ATI method 
 
The main characteristics of ATI method are not having the need of using Z - R relations, 

but only well-calibrated radar. Definition ATI technique for rainfall estimation is as follows: 

Let R(a, t) is the spatial and temporal function of the intensity of the rains. 

Precipitation can be expressed with the relation (2). The integration is carried out 

over the area A (t) inside the line Zt = const., expressed with the relation (3). In 

the simplest case, taking the rain intensity R = const. = Rc, equation (3) becomes 

equation (4). 

In the particular case of boundary contours is defined by Zt = 25 dBz. The reason 

is that the radar observations carried out for the need for Hail suppression system 

whereby the Z = 25 dBz is defined diameter of seeding area. ATI can be 

calculated in several ways. In this paper, starting from the fact that there is a finite 



number of observations and the finite time Δt, where one performs the integration, 

the integral ATI can approximate by finite sum, relation (5).  

Here  Δt =T/n, where T is the total time of observation, while n is  the number of 

observations i.e. steps in time. The size of Ai  is the area where R > Rt or quasi-

horizontal surfaces in the zone of precipitation with the boundary contour Z = Zt = 

const. Here Rt is the threshold value for the intensity of the rains, which 

corresponds to the threshold value of Zt = 25 dBz.  

 Area Ai can be one of the following: area at the beginning steps, the mean 

area during the time step or the surface of the end of the steps. This paper 

presents the results for the variant where Ai represents the mean area. 

 

3. Data 

 

(a) Data for the rainfall quantity   

 Data used in this study are from the regular raingauge network to collect 

data on rainfall on National Hydro-meteorogical Service for the period April – 

October, 1991 - 2000 year. As measuring points appear: synoptic stations, radar 

hail suppression centers, climatological stations and raingauge stations. 

Measurements were performed with classical raingauge. Taken as the total 

rainfall in the 07:00 o'clock (CET, at 06:00 GMT) for the previous 24 hours, and 

unlike Lopez (Lopez et all 1989) which works with 12 - hours of quantities, in this 

study used 24 - hour amount of rainfall. 

The reason is that measurements were done by the regular work program of 

these measurement points, and not specifically for the use of ATI method. For the 

same reason, the distribution of measuring points is not systematic. In Figure 1, 

red crosses show the position of measurement points. In the indicated period, the 

number of measurement points is variable, particularly the number of raingauge 

stations. For the same period, from the database, were identified the 117 days 

with precipitation. After comparison with radar data, the data from the 106 days 

are subject to ATI method. 
 

(b) Radar observations 

Radar data were used in this paper derive from the total radar data obtained 

during radar observations carried out for the Hail suppression system and not 



specifically for the use of ATI method. The HS system, composed HM Service of  

Macedonia, in particular indicates the period (1991 - 2000 years) is active from 

15-th of April until the 15-th of October of each year. Observations were done 

radar WSR 74 X/S. Radar is dual band, no Doppler, with the horizontal 

polarization. 

  This has contributed to the results of applying the methods of ATI related 

to convective precipitation. In that period the radar observations was 117 days 

with total 13 419 entries – radar observation. Due to the nature of the needs -  

seeding on hail – generated  clouds, radar data originate in the convective clouds 

(Cu con, Cb). 

 

4. Results 

 

(a) Original data 

 Defining the precipitation quantity (total rain volumes) Q as the dependent 

variables (y) and ATI as independent variables (x), general equation that 

describes their linear relationship has the form given with equation (6). 

Taking into account the physical meaning that when Z = Zt = 25 dBz then ATI = 0 

or that there is no rainfall and Q = 0, constant “b” in equation (6) has a value of 0. 

So the equation (6) obtained a general form given with equation (7).  

The constant "a" – slope of the regresion line is determined by the method of 

least squares. A measure of the strength of this linear relationship is the 

correlation coefficient R, defined by equation (8). In this equation  xi is 

independent and yi  dependent variables and   x    and   y   are the mean 

values. Correlation coefficients R,  obtained between the 1, if the correlation is 

complete, and -1 if there is between x and y  no linear relationship. As is the 

correlation coefficient close to 1, the correlation between the variables is larger. 

 As a measure of the strength of linear relationship is used and the 

coefficient of relation (R2), defined as the square of correlation coefficient R, 

equation (9). 

The results are shown in Figure 2 and Table 1. 

 Basic reason for the relatively small values for R and R2 is that data sets 

are from two separate systems for measuring. The monitoring and measurement, 



were not made especially for the testing ATI methods. Figure 2 shows a large 

density of data with low values for ATI. This is evident in Figure 3, which 

represents a graph of cumulative frequency values of ATI, which are grouped in 

intervals of the one hundredth. 

In the first two intervals are 55.4% of the total number of data, with values 

between 0 (more precisely km2min 13.84) and 200 km2min. In the area of 0-600 

km2min are 91.3% of the data. According to the definition, equation 5, ATI gets 

little value if the area is small or if a small time step. This has two obvious 

explanations. On the one hand, the data are analyzed, were not made specially 

for checking the ATI method. On the other hand data, especially radar 

observations were obtained by observing convective cloudiness - Cb and Cu con. 

Precipitation originating from these clouds is characterized by the spatial 

limitations, the short period of life  and spatial and temporal variability 

 

 

(b)  ATI  data analyzed by the moving averaging 
 

Method of moving averaging is generally used for the analysis of time series 

data, primarily in finance. Also can be used in general procedures for smoothing 

the data and in these situations, the original data may not be a time series. 

 Subsequent (forecasted) value represents the mean of all the (historical) 

data and is defined by the equation (10), where: N is the number of previous 

periods (the data) involved in the moving averaging, Aj is the actual value at time 

j,  Fj is forecasted (new value) at time j. 

 The process of applying the moving averaging is as follows: original 

populations of 437 pairs of Q – ATIa were first sorted in ascending values of Q. 

On the thus arranged a series, was applied moving averaging method using 

different values for the number of previous values of N as follows: 10, 15, 20, 30 

and 50. By applying the method of least squares on a new series of pairs Q – 

ATIa derive new values for: a, R, R2, for all five variants (values) for N. The results 

are shown in Table 2. For comparison, the table contains parameters that 

describe the relationship of the original value pairs Q – ATIa.  

 Table 2 shows the rapid increase of R (for 35%) and R2 (for 83%) when 

calculating the moving average with N = 10 previous values. Application of 



moving averaging method performs smoothing of deviation away from a normal 

data flow. The degree of smoothing increases with the number of previous values 

of N. The increase in R, R2 and reduction  of data dispersion can be seen in the 

graphs that describe the relationship Q – ATIa for various values of N (figure 4 – 

figure 8). It is apparent clustering and symmetric distribution of new values along 

the regression line. 

 

 

Conclusion 
 The results obtained by processing the primary data confirm the linear 

relationship between Q and ATI.  

  Basic reason for the relatively small values for R and R2 is that data sets 

are from two separate systems for measuring. Influence of accuracy has also 

from: horizontal drop advection, the general decrease in beam filling and 

reflectivity with height, irregular spatial distribution of raingauges,  temporal and 

spatial variability of convective clouds and rainfall..  

 Using of moving averaging method on Q - ATI pairs performs smoothing of 

deviation away from a normal data flow and amplification of the linear relationship 

between Q and ATI. Due to the nature of the data, the results are representative 

for convective rainfall. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Formula: 

 
(1)  Z= ARb , Z – radar reflectivity; R – rain intensity, “A” and “b” are constants to be 

determined. 
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Figure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WSR 74 X/S

 
Figure 1. The geographical position of the radar center “Gurishte” (radar system: 
WSR 74 X/S ) and rain measurement network of raingauges (red cross). 
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Figure 2 Graph Q - ATIa  pairs, the regression line, the constants "a" - slope and 
coefficient of relation and when ATI accounts with an average area in the time 
step Δt. 
 
 



 
 
Figure 3. Cumulative frequency values of ATIa, which are grouped in intervals of 
the one hundredth. 
 

 
 
Figure 4. Graph Q - ATIa  obtained by using moving averaging method with 
previous 10 values, the regression line, the constants "a" and coefficient of 
relation. 
 



 
 
Figure 5. Graph Q - ATIa  obtained by using moving averaging method with 
previous 15 values, the regression line, the constants "a" and coefficient of 
relation. 
 
 
 

 
Figure 6. Graph Q - ATIa  obtained by using moving averaging method with 
previous 20 values, the regression line, the constants "a" and coefficient of 
relation. 
 
 



 
Figure 7. Graph Q - ATIa  obtained by using moving averaging method with 
previous 30 values, the regression line, the constants "a" and coefficient of 
relation. 

 

 
 

Figure 8. Graph Q - ATIa  obtained by using moving averaging method with 
previous 50 values, the regression line, the constants "a" and coefficient of 
relation. 

 
 

 
Figure Captions 
 

Figure 1. The spatial distribution of raingauges points  

 

Figure 2. The regression line of total rain amount Q - ATIa relationship. 

Figure 3. Cumulative frequency values of ATIa, which are grouped in intervals of 

the one hundredth. 



Figure 4. Graph Q - ATIa  obtained by using moving averaging method with 
previous 10 values 
 

Figure  5. Graph Q - ATIa  obtained by using moving averaging method with 
previous 15 values 
 
Figure 6. Graph Q - ATIa  obtained by using moving averaging method with 
previous 20 values 
 
Figure 7. Graph Q - ATIa  obtained by using moving averaging method with 
previous 30 values 
 
Figure 8. Graph Q - ATIa  obtained by using moving averaging method with 
previous 50 values 

 
 
 
Table 
 

 

 Parameters Value 

a 2.0680 

R 0.7033 

R2 0.4947 

 

 

 

 

 

Table 1. Parameters of Q / ATI regression line for threshold values of radar 
reflectivity factor Zt = 25 dBz. The parameters are defined by equation: (7), (8) 
and (9). 
 
 

N 

Number of 

pairs 

Q  - Atia  

a R R2 

0 437 2.0680 0.7033 0.4947 

10 428 2.2226 0.9527 0.9077 

15 423 2.2060 0.9635 0.9283 

20 418 2.2023 0.9710 0.9428 

30 408 2.2270 0.9789 0.9582 

50 388 2.2946 0.9928 0.9857 

 
Table 2 The parameters that describe the relationship Q – ATIa for different 
number of members who are used in moving averaging method 



 
Table caption 
 
Table 1. Parameters of Q / ATI regression -  primary results 
 
 
Table 2 Parameters of  Q – ATIa regression for different number of members 
used in moving averaging method 
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