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Abstract. CLUJ-NAPOCA precipitation forecast using WSR-98D Doppler 
radar. Forecasting inundations requires accurate spatial and temporal 
estimation of rainfalls in an area. Depending on the Z-R relationship 
(reflectivity-precipitation rate), the thresholds, maximum reflectivity data 
processing, VIL, cloud height or speed, provided by the WSR-98D affects the 
estimated precipitation used in the prediction of inundations. How much 
precipitation receives a watershed during an extreme event and what 
response will result depends on the basin hydrographic characteristics. A 
study of summer weather events between the years 2004-2008 and a new 
method in establishing relations between the radar estimated and recorded 
precipitations led to the determination of new relations between them which 
will balance the connections between them. 

 
Key words: estimated precipitations, storm nuclei, reflectivity, VIL, cloud 
height  

 
1. Introduction 

 
The purpose of this paper is to exploit the differences in rainfall data, 

obtained from Bobohalma, near Târnăveni, WSR-98D Doppler radar and 
the data measured at the automatic weather station in Cluj-Napoca, and so to 
get correlations which would approximate more exactly the water volume 
quantities by comparing the weather radar detected parameters with the 
precipitation values measured on the ground. The reason behind the study 
was to identify an algorithm using the detected or processed radar values to 
determine the precipitation rate and finally to determine the water quantities 
which could affect a particular area.  
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In practice a first analysis regards the existing mesoscale convective 
systems over a given area, and often radar algorithms are used to determine 
storm nuclei. So it was observed that depending on some thresholds in these 
nuclei values we can determine the amount of water in an area and that the 
estimated precipitation values will be close to those recorded by the ground 
sensors located in that region. 

This, demonstrates the theory in which when using the relationship 
between reflectivity and rain rate using radar algorithms, it should 
underestimate precipitation by about 25% when the rain falls from 
stratiformi clouds and about 33% if it falls from cumulonimbus clouds. 
From the WSR-98D radar the precipitation measurements use the maximum 
reflectivity value entered into a Z-R (reflectivity-rain rate) relationship in 
the form of Z = 300R1.4.  

The coefficient and the exponent value of this relationship (300 and 
respectively 1.4) represents a compromise between the rainfall from 
cumulonimbus and the stratiformi clouds functions (Hunter, 1996), and was 
elected from the vast collection of Z-R relations that exist in specialized 
literature for different types of precipitation. As an example of variation in 
the exponent and coefficient, Battan (1973) lists a total of 69 Z-R relations 
for several types of precipitation and geographic locations. The relation 
between Z and R, used in this experiment, after Waldvogel (1970) is the 
average of several types of precipitation. Ulbrich (1999) searches for a 
correlation between radar reflectivity and precipitation recorded at a 
meteorological station in five cases, the difference between the results is 
interpreted as being caused by a faulty radar calibration. 

It should be noted that the differences between radar measurements 
and rain gauge are also related to the development stage of the cloud 
systems. 

Maximum reflectivity, VIL, cloud height and movement speed affect 
the estimated precipitation. Studying the summer weather events of the 
years 2004-2008 led to the establishment of some relations in the estimation 
of precipitation. 

 
2. Data and methods  

 
This analysis uses the maximum reflectivity of the storm nuclei 

detected by the WSR-98D over the study area, which is a radius of 70 km 
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around the radar. By the core of the storm we understand the area in the 
cloud where the maximum reflectivity is detected. This area is positioned 
with a radius and azimuth. Polar coordinates of these nuclei were 
transformed into Cartesian coordinates centered on the location of the radar 
system. 

As study area we took a square with 25 km2 area centered over the 
Cluj-Napoca weather station. The distance of the Cluj-Napoca weather 
station from the Bobohalma radar is about 70 km. Rainfall recorded at the 
station, extracted from the TM13, depending on the time and duration was 
compared with rainfall estimated by the radar data, in several ways, 
depending on the values of reflectivity, VIL, cloud height and movement 
speed. These values were extracted from storm nuclei parameters which 
were identified that have crossed the 25 km2 study area (Fig. 1). 

 

 
 

Figure 1. 25 km2 study area centered over the Cluj-Napoca weather station 
 

The area covered by the 25 km2 square overlaps a quite fragmented 
area characterized by morphological inhomogeneity. Thus in the South is 
the Feleac Hill, with a maximum altitude of 825 m (Măgura Sălicei), to the 
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east, following the city lies the Someş Plain, in the northern part are the Cluj 
Hills, with peaks over 600 m such as Lomb Peak (684 m), Melcului Peak 
(617 m), Techintău (633 m); towards the west are a series of hills, such as 
Hoia Hill (506 m), Gârbăului Hill (570 m). The center of the area is the 
Cetăţuia Hill that separates the valleys of Someş and Nadăs, where is also 
the Cluj-Napoca Weather Station (416 m). 

Using radar data extracted from the 38 composite reflectivity 
product, we analyzed storm nuclei which were in the considered square. The 
storm nuclei which passed through this square were quantified taking into 
account their date and time. Values extracted from these nuclei were 
extrapolated for the entire analyzed square. So the analysis will be done on a 
square which has uniform pixel values throughout its surface. 

The recorded rainfalls by the meteorological station which were 
taken in to account as events or cases were analyzed separately for each 
rain. So if one day there were more events they were analyzed separately. If 
there were several nuclei in the period in which the station recorded 
precipitation, we estimated an average precipitation rate, which ultimately 
were multiplied by the duration of the recorded rain and finally divided by 
6. It was noted that where there were more nuclei in the square but at 
different times they actually give an instantaneous rain rate. If the radar 
would get an observation every minute we would get the rain per minute 
rate. On this was based the considerations to divide by 6, because the radar 
data are available every 6 to 6 minutes. 

First in the assessment of the precipitation rate we used a formula (1) 
which we consider to be the base formula, it was used by Hunter (1996), and 
is given by the Z and R relation: 

R=aZb, (1) 

where, R- precipitation rate, Z - reflectivity, a = 0.017 and b = 0.714. 
 If the basic formula is that shown above, we added a few parameters 
that can influence the rate of precipitation such as VIL, cloud height and 
movement speed. So we obtained two other formulas: 

RVIL=(a·Zb·VIL)/V (2) or RH=(a·Zb·H)/V, (3) 

where, VIL (kg/m3) is the water column volume, H (km) cloud 
height and V (m/s) cloud movement speed.  
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We relied on the principle that the precipitation rate is proportional 
to the amount of water in the cloud or to the cloud height and inversely 
proportional to the movement speed of the cloud. 

We analyzed 216 cases of which: 
- In 167 cases precipitation occurred at the station (even several 

times on the same day); 
- In 124 cases are detected radar “storms”; 
- In 49 cases there were no precipitations at the station; 
- In 75 cases the weather station recorded rainfall in the same time 

and space were the radar detected the rain nuclei. 
For these 75 cases was computed the precipitations using the three 

formulas, R, RH and RVIL. In all three formulas we applied the same 
calculation method that, so the precipitation rate was divided by 6 and 
multiplied by the duration in minutes of the recorded rain for each case 
apart. It wasn’t taken in to account the used parameters measurement units 
only their values. 

 
3. Results 

 
Where we used the basic formula we observed generally that the 

precipitation amount was underestimate by the radar data compared to the 
values of the station. This underestimation is within the known variance [25-33] 
and is 30.9% (Figure 2). In general the amplitude is small in mainly negative. 

 

Figure2. Precipitation values assessed by the base formula (1) and the 
measured values 

 
The maximum amplitude is about 40 mm/m2. The differences 

between the two measurements depend on the type (in the considered period 
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fewer stratiformi and mainly heavy rains with torrential nature) and duration 
of the precipitation. 

In the other two cases there was generally an overestimation of 
precipitation values. So where we used the values of VIL, although it is a 
by-product of the reflectivity, the result was overestimating the measured 
values with 35.3% (Figure 3).  

If we used the RVIL formula to assess the precipitation amounts, the 
amplitude of the difference between the results and the control values 
(recorded precipitations) is generally positive except for two or three 
situations where it is slightly negative. 

 

 
Figure 3. Precipitation values assessed by the RVIL formula (2) and the 

measured values  
If the maximum reflection value was applied throughout the entire 

cloud column, hence the cloud height was introduced instead of the VIL, the 
overestimation is in average 7% (Figure 4).  

 

 
Figure 4. Precipitation values assessed by the RH formula (3) and the 

measured values 
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4. Conclusions 
 
Given the orography of the considered square with three hills (with 

heights between 420 m at Cetăţuia Hill and 627 m at Lomb Hill) and two 
valleys (Someş and Nadăţ), using the maximum reflectivity values induces 
the idea of precipitation variability. One thing is evident in nature that in a 
nonhomogeneous area the maximum amount of water in a cloud not always 
falls on the station sensor. Therefore it was expected that the amount of 
water estimated using the radar detected parameters are generally higher 
than measured. It can be considered that the overestimated radar 
precipitations assessed using the RVIL and RH formulas are closer to the 
reality on the ground. 

The positive amplitude of the estimated RVIL water volume is 
sometimes higher than 30 mm/m2 and is attributed to the considered squares 
orography. So, the cloud formations that have passed through the considered 
area have been somewhere at the edge of it and so they did not affect the 
measuring probe from the ground. The same conclusion appears from the 
analysis of the considered cases. So even if the radar identified 124 cases 
with the storm nuclei 49 had no counterpart in precipitations recorded at the 
station. Which means that the cloud formations that have passed through the 
stations considered square did not rained on the station but on the 
surrounding hills. Also appears the reverse of this situation is cases when 
there was precipitation at station but were not recorded on the radars square. 
This may result when the maximum reflectivity detected by radar passed 
alongside the considered square. 

 Another event that stands out in this experiment is that sometimes 
precipitations estimated using the RVIL and RH formulas are lower than those 
recorded at the station. This is due to situations in which the used cloud 
nuclei belong to some mesoscale systems that were in their early stage. 

The decrease of the study area square could lead to a decrease in the 
percentage of overestimation. 

Following the above considerations the proposed experiment should 
be a starting point in estimating rainfall, by creating threshold values for the 
maximum reflectivity, VIL, cloud height and movement speed, using also a 
forecast component namely the estimated time for a cloud formation to 
affect a specific area. 
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