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Abstract – Realistic modeling of rain characteristics is 
important in several domains, such as meteorology, 
agriculture and transportation. Rain generators need to 
have reproducible characteristics, while being able to 
simulate variability existing in natural rains. In the 
present work, several characteristics of natural rains 
were analyzed, then several working parameters of a 
rain generator were proposed and simulated. 
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I INTRODUCTION 
 

The main objective of this work is modeling rain 
generators with controlled and reproducible 
characteristics. This leads to the problem of 
characterizing rains, and to decide which 
characteristics of natural rains have to be measured 
and controlled by the rain generator. 
To this end some relevant papers modeling rain 
characteristics are briefly reviewed and it is shown 
how the desired characteristics can be obtained for 
artificially generated rain. 
 
II. DEFINITIONS OF DIFFERENT RAIN TYPES 

 
According to the Romanian National Institute of 
Meteorology (INMH) [1], rainfall can be classified as 
follows: 
 
a) Light rainfall = precipitation in the form of rare, 
isolated drops, which leave traces on surfaces, and 
that lasts for a period longer than 2 minutes. The noise 
produced by the falling of the drops is small. This 
type of rain doesn’t abase visibility under 10km; 
nevertheless, a decrease in visibility can be observed 
when the light rain starts falling again after a 
temporary discontinuity of rainfall, or by the 
diminishing of a heavier previous rainfall; fog is 
created under these conditions, by evaporating water 
from wet surfaces. 
b) Moderate rainfall = in the form of compact drops, 
that can be isolated easily and which wet the surface 
quickly. The noise produced by this type of rainfall on 
roofs, spouts, leaves can be very well distinguished. 
Horizontal visibility is reduced below 10km, but is 
usually more than 4km. 

c) Heavy rainfall = type of precipitation that falls in 
the form of waves, individual drops are no longer 
observable and water gathers quickly on surfaces. The 
noise produced by this type of rainfall is similar to a 
loud rattle. Horizontal visibility is reduced to less than 
4 km. 
Rainfall classification by rain rates according to 
INMH [1] is summarized in Table 1. 
 
Table 1.  
Rainfall classification according to INMH [1]: 
Type of Rainfall Rain Rate [liters/m2] 

Moderate 5 during 3h 
Heavy 15 during 3h 

Very heavy 15 in less than 3 hours 
Maximum rainfall: 25l/m2/1h 

 
II. RAINFALL PARAMETERS 

 
The most important parameter of the rain is the 
amount of rainfall. The amount of rainfall is measured 
using a rain gauge. The most common intervals of 
measuring rainfall are: per hour, per 30 minutes and 
per 3 hours. It is expressed as the depth of water that 
collects on a flat surface, and can be measured to the 
nearest 0.25 mm. It is sometimes expressed in liters 
per square meter (1 L/m² corresponding to 1 mm).  
Closely related to the amount of rainfall is the rain 
rate, measuring the amount of the rainfall in a time 
unit. Usually the time unit is one hour or one minute. 
The rain rate depends on several parameters of the 
rain, like raindrop equivalent diameter, or raindrop 
concentration. Raindrop diameter is in relation with 
the falling speed, or velocity.  
Raindrops generally have a diameter greater than 0.5 
mm. Precipitation with raindrops of less than 0.5 mm 
in diameter is called drizzle and often severely 
restricts visibility, but usually does not produce 
significant accumulations of water. 
 

III. RAIN MODELING 
 
In the following, some methods of modeling rain are 
presented, as found in literature. 
 
a) Velocity studies 
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The velocity-diameter relation has been modeled by 
the equations [2]: 
 

67.078.3)( DDv ⋅=        (1) 
 
where the velocity v is measured in [m/s] and the 
diameter D in [mm].  
 
Some studies [3] use a different equation: 
 

DeDv ⋅−⋅−= 6.03.1065.9)(      (2) 
 
 
b) Raindrop size distribution 
The distribution of sizes in a rain usually contains a 
wide range of drop diameters. Small drops generally 
outnumber large drops, but as the intensity of the 
rainfall increases, the number of larger drops grows. 
The largest drops are found only in downpours with 
rainfall rates greater than 5 cm per hour. The size of 
raindrops can be classified as in table 2, according to 
[4].  
 
Table 2.  
The size of raindrop, [3] 

Typical Particle 
Type 

Typical 
Diameter 

(mm) 
Cloud droplet 0.012 

Large cloud droplet 0.1 
Mist droplet 0.5 
Drizzle Drop 1.2 

Raindrop 3.0 
Large Raindrop 6.0 

 
Rain size distributions have been modeled by several 
authors. The most popular model remains the 
Marshall-Palmer model of the size distribution [5]: 
 

dDR
d eDn ⋅⋅−− −

⋅⋅=
21.01.42100.8)(     (3) 

 
R: rain intensity,   
Dd: raindrop diameter, 
n(Dd): the probability density function of the raindrop 
diameter.  
According to probability theory, the mean drop 
diameter is [6]: 
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where Dmean is measured in mm and R in mm/h. 
 
 The log-normal distribution [7] is another widely 
used model: 
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For the log-normal distribution model, the geometric 
mean diameter is found to be [7]:  
 

23.072.0 RDdg ⋅=        (6) 
 
The above models lead to significantly different 
results. Also experimental data reported in the 
literature [8, 9, 10] show large differences. Such 
differences can be related to different environmental 
conditions (oceans, continent temperature, pressure 
etc.). However, all estimations lead to the conclusion 
that the mean diameter of the raindrop is increasing 
with the rain intensity. The variance of the diameter is 
of the same order of magnitude as the diameter itself. 
This is also in agreement with the theoretical models.   
Note that the distribution measured with a modern 
disdrometer in experiments [2] is obtained at (real) 
variable rain intensity. 

 
IV. RAIN SIMULATION 

 
The objective is to obtain the volumetric contributions 
of raindrops with different diameters in relation with 
the total amount of the rain, assuming a constant rain 
rate. No study of this kind has been found in 
literature. All the studies found in literature focus on 
rainfall intensity, raindrop size distribution and 
velocity studies. In the hypothesis of creating an 
artificial rain generator, the volumetric contributions 
of raindrops with different diameters is a very 
important statistic for the user.  
The rain generator under design has to be able to 
generate several types of rain. For each type of rain, it 
is important to control the raindrop size distributions 
expressed in volumetric contributions to the total 
volume of rain. The proposed rainfall parameters are 
presented in the table below: 
Table 3  
Proposed rainfall parameters 

Nr Type of rainfall Volume of rainfall 

IV Very heavy > 16 mm/h 

III Heavy 7.5 – 16 mm/h 

II Moderate < 7.5 mm/h 

I Light < 2.5 mm/h 
 
The simulation of equation (1), resulting in Figure 1: 
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Figure 1. Rain Drop Velocity Variation. 
 
The differences between the velocity equation given 
by (1) and (2) were studied. 
The results of the simulation are given in Figure 2:  
 

 
Figure 2. Comparison between the results obtained by 

using equation (1) - red and equation (2) - blue 
 
In a further study, three types of rains with different 
intensities and mean diameters were simulated. For 
each type of rain, three percentages from the number 
of drops were defined. For each percentage and rain 
type, the diameter ranges were calculated, using the 
Palmer-Marshall distribution (3). The results are 
shown in table 4. 
 
Table 4.  
Diameters of different percentages of rain drops for 
given mean diameters  

Dmean=1 Dmean =2 Dmean =3 
40% (0.5-1.5mm) 40% (1-3mm) 40% (1.5-4.5mm) 
60% (0.1-1.9mm) 60% (0.4-3.6mm) 60% (0.6-5.4mm) 
80% (0.1-1.9mm) 80% (0.2-3.8mm) 80% (0.3-5.7mm) 
 
The Palmer-Marshall distribution law better expresses 
the reality for big and medium raindrop diameters, 
which is why it offers not so accurate results for small 
and medium rain intensity. It tends to generate 
raindrops with smaller diameters than those that can 
be found by measurements in reality [11, 12]. This 
result is in part a consequence of the limitations of the 
measuring devices for small size drop diameters.  

 For given rain rates, the mean diameter values 
were determined with the Palmer Marshall 
distribution. The results, given in Table 5, show that 
the diameters are very small. On the other hand, for 
given diameters, very large rain rates resulted when 
calculated with equation (3). 
 
Table. 5  
Mean diameters for given rain rates 
Rain 
Intensity 

R=2.5mm/h R=7.5mm/h R=16mm/h 

Mean 
Diameter 

Dmean =0.3mm Dmean =0.375 Dmean =0.44 

 
Using a log-normal diameter distribution model, the 
volumetric contributions to the amount of the rain 
have been computed for raindrops with different 
diameters, assuming a constant rain rate. The results 
are shown in Figure 3. 
 

 
Figure 3. Total amount of the rain with the diameter 

distribution 
 

The cumulative volume probability function, based on 
similar simulations is illustrated in figure 4. 
 

 
Figure 4. Cumulative volume probability function 

 
 

Based on the same simulations, the contributions of 
several diameter ranges, covering 50%, 60% and 80% 
of the total amount of the rain, for the rain types 
defined in Table 4 were found. The volumetric 
contributions of raindrops with different diameters to 
the amount of the rain, assuming a constant rain rate 
are illustrated in figure 5. This result is a basic step 
toward  to goal of generating artificial rains with 
features controlled and similar to natural rainfalls, 
using devices with narrower drop size distributions.  
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Figure 5. Volumetric contributions of raindrops with 

different diameters to the amount of the rain, 
assuming a constant rain rate. 

 
V. CONCLUSIONS 

 
Natural rains are characterized by a high degree of 
variability. Variability means that rain rate changes in 
time and space. So do the statistics of the rain. The 
phenomenon is non-stationary from a statistical point 
of view. Physical models and statistical analysis 
reveal several relations and correlations between rain 
parameters. Many environmental factors tend to 
influence the underlying laws, resulting in a chaotic 
behavior of the real rain system.  

The present work proposed and simulated several 
working parameters of a rain generator being 
designed. Computer simulations carried out in the 
present work are a basic step toward generating 
artificial rains with controlled statistical parameters 
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