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ABSTRACT

The article is dedicated to stochastic modeling of storm precipitation. The presented scientific study
tests the main hypothesis about the sufficient adequacy of the main statistical characteristics of the
observed and modeled storm precipitation using a special algorithm of the Monte Carlo method.
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1 INTRODUCTION

At the moment storm precipitation modeling is one of the most important tasks in the field of meteorology and
climatology. Due to the global warming, which we can observe nowadays, the evaporation from the surfaces
of water bodies increases, so does the amount of moisture in the air and, as a result, the extremeness of
precipitation grows as well (Groisman et al., 2005; llinich et al., 2016; Zolina et al, 2012). Therefore, the
climate normals used in the past for safe living are outdated now and the regulatory documentation needs
improvement. Stochastic modeling allows considering all potential storm precipitation scenarios for calculation
of the maximal rivers discharge and the corresponding levels of territorial floods using different types of
precipitation-runoff models.

The test of the hypothesis about the consistency of the presented method for modeling storm precipitation
was based on the next implemented goals: to determine the main statistical characteristics in relation to the
main elements of the observed rainfall graphs; to obtain modeled rainfall graphs based on a special algorithm
using the Monte Carlo method; to assess the adequacy of the main statistical characteristics of the observed
and modeled storm precipitation in relation to their main elements. The novelty of the study stems from the
regional features of the storm precipitation formation and modeling.

2 MATERIALS AND METHODS

The baseline information for modeling is the observation data collected at the meteorological station in
Tuapse, a city in the southern piedmont region of Russia in the North Caucasus. Many floods occur in the city
on the Tuapse river. The baseline statistical series includes 69 rains, each with total daily precipitation greater
than 30.0 mm. Each rain has its own duration (from 1 to 24 hours, in steps of 1 hour). The intensity of
precipitation of each rain varies considerably. The peak of precipitation intensity can occur at any hour.
Accordingly, 69 rainfall scenarios were obtained. For each hour there is a certain proportion “K” of the total
precipitation for a given rain. All the scenarios graphs have been aligned in relation to the hour with maximum
precipitation. The first stage of modeling using the Monte Carlo method is based on a series of 500 values of
the equal distribution of random numbers ¢ (0 < & < 100), where each number matches a random value of
probability in percent (llyinich et al. (2016)). The modeled values of probability correspond to the specific
amount of precipitation according to the Pearson binomial distribution (type Ill) that has possibility to represent
different asymmetries of random values. At the next stage, each value of the modeled series of the daily
precipitation Xd is multiplied by the “K” coefficients of the randomly modeled precipitation scenario number. In
this way 500 scenarios of daily precipitation have been obtained.
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Figure 1. Examples of different rainfall scenarios.
3 RESULTS AND DISCUSSION

To assess the consistency of the presented modeling method, the statistical characteristics of the observed
and modeled series were calculated. Such statistical characteristics as mean values and variation coefficient
Cv were determined for amount of the rainfall (Xd), for the hour when the maximum precipitation was
registered (Xmh), for the previous hour (Xmh — 1 hr) and for the next one (Xmh + 1 hr). In addition, the
difference between the observed and modeled series was calculated, as well as the root mean square error.
The results are presented in tables 1 and 2.

Table 1. Mean values for observed and modeled series

Observed Modeled data, Difference, Root mean
data, mm mm % square error, %
Xd 48,0 47,8 0,410 5,441
Xmh 23,2 22,5 3,317 6,922
Xmh—1hr 4,7 53 11,754 14,121
Xmh+1hr 71 6,7 6,236 15,349

Table 2. Values for variation coefficient for observed and modeled series

Observed Difference, Root mean
Modeled data o o
data %o square error, %
Xd 0,452 0,419 7,876 9,232
Xmh 0,575 0,573 0,349 9,635
Xmh—1hr 1,173 1,214 3,414 12,152
Xmh+1hr 1,275 0,958 33,031 12,606

Analysis of the tables shows that we can use the presented method for modeling scenarios of storm
precipitation because the results are quite accurate and an inaccuracy appears just in one case (value for the
variation coefficient at the hour following the hour when the maximum precipitation was registered).

4 CONCLUSIONS

The presented method for modeling scenarios of storm precipitation on the Tuapse river basin is enough
accurate. It can be used in “precipitation — runoff’ models for dangerous floods.
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