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SITUATIONAL PREDICTIVE MODELLING
OF THE FLOOD HAZARD IN THE DNIESTER RIVER VALLEY
NEAR THE TOWN OF HALYCH

Abstract. There has been presented a method of situational predictive modelling of
the flood hazard in the Dniester River valley near the town of Halych based of
hydrological observations data obtained at the Halych water level gauge. Some
features in the behaviour of the equation of relationship between levels and water
discharges for the Halych water level gauge were revealed, in particularly,
regularities fostering reliable forecasting the flood hazard by means of statistical
data and ambiguities interfering similar predicting. The possibility of effective
situational predicting of the flood hazard according to current data of hydrological
observations to minimize probable harm and losses was shown.

Keywords: ambiguity; data; the Dniester River; flood hazard; hydrological
observations; situational model; situational predictive modelling

Introduction

Floods on rivers are being considered among the most dangerous natural disasters
causing different losses including human fatalities [1]. By the number of human
victims, they yield only to catastrophic earthquakes. In the 20th century [2], floods
of different genesis were responsible for about 6.8 million deaths. Majority of these
victims were concerned to floods on rivers.

At present, annual economic worldwide losses from floods have already reached
hundreds of millions of dollars [3] and have tendency to grow in the future. This is
happening despite the growing human capabilities to withstand the environment. The
valleys of rivers and riparian zones have traditionally been considered by human as
an important environment resource to use in the economic activity. These areas were,
are and will stay the centres of urbanization and mass settlement of people. This is
explained not only by the increase of the general deficit of land resources in the
world, in particular, because of the decrease of soil fertility on a considerable part of
the globe, or the increase of erosion processes of different etymology, etc. [4]. In
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addition to significant water and land resources, these territories have got hydroelectric
resources, fishery, forest, recreational, cultural-historical and aesthetic resources, etc.
But, undoubtedly, the most valuable natural element of contiguous riparian territories
is the unique combination of water and land resources. Therefore, regardless the
essential risk of harm, deaths and losses due to floods on rivers increasing by years,
humans keep on using contiguous riparian territories for their life activity [5].

One of the most known contiguous riparian zone among such areas on Ukrainian
territory is the Upper Dniester Basin [6-8], and, in particularly, the Dniester
floodplain near the town of Halych.

This territory belongs to the Carpathian Mountainous Part of the Dniester Basin.
It largely occupies the upper right-bank area of the river catchment, featuring a well-
developed and dense hydrographic network (comprising the Strviazh, Vereschytsia,
Striy, Svicha, Limnytsia, Lukva and many other tributaries) that provides a major
proportion of flow to the Dniester. Despite the fact that the Carpathian Mountains
(including foothills) occupy less than 9% of the Basin area, and the upper
(Carpathian) Dniester tributaries drain only about 17% of the river catchment, over
50% of the Dniester flow is collected in this part [7].

The town of Halych is placed in the lake-shaped extended valley of the Dniester
River where upstream and downstream the mouths of those tributaries are located.
During floods on the Dniester River, there, probably, the largest mass of water
accumulates, sometimes with rising water levels up to 10-12 meters, causing
catastrophic consequences (Fig. 1, 2).

Fig. 1 — The Dniester River during the flood on July 26-28, 2008,
in the upstream stretches of the river near the town of Halych
(http://valentyn.io.ua/album163445)

Fig. 2 — The flooding the town of Halych
during the flood on July 2628, 2008, on the Dniester River
(http://pravda.if.ua/news-4004.html)
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Generally, the modeling of the flood hazard in the Dniester River valley near the
town of Halych is a challenging problem bearing important meaning not only to local
population (See Fig. 2). A number of critical infrastructure objects are located at this
area, such as bridges of nation-wide importance, etc., as well as Burshtynska thermal
power station (See Fig. 1, in the right upper corner).

1. Common remarks concerning to situational and predictive modelling
1.1. Situational modelling

Situational modelling is usually undertaken to understanding and restoration of
certain situations (the coincidence of the conditions and circumstances of the
functionality) relating to behaviour of complex systems [9-13].

Situational modelling has become especially popular in economics, medicine,
military affairs, forensics, politics, and other similar spheres, as well as in artificial
intelligence, where the development of a logical approach to modelling the behaviour
of complex systems and processes gave impetus to the creation of situational calculus
theory [9-11].

The basic idea of situational modelling is that a complete description of the infinite
set of all possible situations of the functioning of a real system is replaced by a certain
finite set of generalized situations that reproduce to a certain degree the system’s
possible states [9-13]. The evolution of the dynamic system is modelled in the context
of its “movement” along a series of situations that are the result of various actions.
These different model situations (by R. Reiter [10]) do not determine literally
appropriate states of the system; they show only the history of certain events as
completed sequences of actions in certain periods of time.

Since situations cannot be described totally, and it is possible to speak only about
some of their aspects, the non monotonic output rule is used to describe the evolution
of the system. In modelling, it is assumed (by J. McCarthy [11]) that on the basis of
past facts, by which past situations are described, and on using some general rules or
assumptions, according to which execution of actions and occurrence of events within
situations take place, it is possible to predict some similar situations that will appear
in the future.

In this study, the definitions “a situational model”, “situational modelling” are
related to a predictive model or predictive modelling adapted to some separate
situation, which unfolds in time, in order to simplify modelling based on monitoring
data and increase its adequacy and accuracy [12, 13]. On predictive modelling, the
circumstances of this adaptation are named like a predictive background and it is
admitted that situational models constructed with using corresponding time series can
reflect various phase states of a dynamic system at different time intervals.

1.2. Predictive modelling

Predictive modelling uses statistics to predict outcomes [14-17]. So, for example,
a popular and well-known predictive mathematical model in hydrology based on
statistics (on hydrological observations data) is the probability distribution function
[18-21]. This model can be used to determine flood parameters and its occurrence
probability if corresponding time series of hydrological observations data are
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uninterrupted and stationary, that is, they form representative sequences of
independent and identically distributed random variables.

The other popular predictive models based on monitoring data and used for
predicting natural and technogenous phenomena and processes are the regression
ones [14]. Now, there are many modern regression models are highly adaptable; they
are capable of modeling complex relationships [14, 15]. Regarding hydrological
phenomena, the typical regression model there is an equation of relation between
water discharges and water levels.

The use of regression models enables to simplify significantly problems of
modeling and predicting based on experimental data, giving the possibility making
decisions in various challenging situations avoiding the use more complex
phenomenological models, for instance, such like equations of the mathematical
physics, etc. However, classic regression models built with using time series can be
the most successful in case of data interpretation and interpolation, but not to predict
outcomes. In predicting they can get lost their accuracy and attractiveness. This is
especially true of multiple regression models. Often, complex regression models very
easily overemphasize patterns that are not reproducible and demonstrate instability of
extrapolation in prediction zone. So a researcher cannot know about the fatal
prediction faults until the next set of samples appears.

Nevertheless, admittedly, the regression models are the most convenient models
to solve practical prediction problems in various fields. They can be formalized and
adapted relatively easy, especially for short time series meeting certain established
homogeneity criteria [16, 17]. Also they may be modified in appropriate way
depending on peculiarities of prediction tasks [12, 13].

1.3. Some additional remarks concerning predictive modelling

Practice shows, the construction of adequate regression models for predictive
purposes can be a challenging problem, even in simple cases [12—-14]. Often, better
interpretation models may have a tendency to overpredict (or underpredict) low
values and underpredict (or overpredict) high ones [14].

Perhaps, the problem is that regression models are traditionally built as models
that should suit the best way all collected data (following the principle of
optimization). So, the increase of the number of observation data may complicate
execution of important limit restrictions of regression modelling [12, 13].

That is, if we make structure of regression model more difficult in any way, for
example, by taking into account additional factors, parameters, and nonlinear effects,
etc., the quality of regression models as interpretative models for observed data can
be improved. But their quality as predictive models may be deteriorated. If there is
more than one predictor, a researcher will have to further understand characteristics
of different predictors and the relationships among them. Between-predictor
correlations may be a serious problem. It is well known, the simplest way to solve
the multicollinearity problem is to remove the predictors that have the most
correlated relationships. Usually, if predictors are highly intercorrelated, this implies
that they are measuring the same underlying information. Removing some of them
might lead to a more parsimonious and interpretable model without compromising
the performance of the model [12-17].

There are also other potential advantages of removing predictors prior to
modelling. First, fewer predictors will decrease computational time and complexity.
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Second, some models can be improved significantly in model performance and/or
their stability will increase without the problematic variables. But all these
simplifications should be justified in terms of predicting. It should also be mentioned
that the main idea of regression modelling, as it is well known, is that regression
occurs when a dependent, endogenous variable depends not only on some
independent, exogenous, explanatory variables (predictors), as well on some
uncontrolled, unknown factors.

2. Input data and the main objective of the researches

As input data on the modelling, available to us time series of hydrological
observations data for water discharges and water levels maxima of the Dniester
River, the Halych water level gauge, were used. Those were incomplete time series,
with data from 1895 to 1998 (See Fig. 3, 4). Further, all numerical calculations and
simulations were carried out according to the data given in Fig. 3, 4. In general, that
was a retrospective simulation in condition of incompleteness of data and their
ambiguity, that a bit complicated our task.
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Fig. 3 — The time series of water discharges maxima (the Dniester River,

the Halych water level gauge)
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Fig. 4 — The time series of water levels maxima (the Dniester River,
the Halych water level gauge)
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The main objective of these researches was the available data analysis with
developing and presentation a practice way to predict the flood hazard in the Dniester
River valley near the town of Halych on base of hydrological observations data, in
particular, taking into account their incompleteness and ambiguity.

3. Preliminary researches to predicting the flood hazard

The best indicator for quantifying the flood hazard in-situ is the forecasted water
level in the river. Depending on the expected level of water in the river during future
flood, areas to be flooded may be identified and mapped as easy as possible.

The challenge is that forecasting the water levels in rivers is a difficult task even
in the case of representative series of observations data. Typically, the time series
generated by observations of water levels in the rivers are non-stationary ones (See,
above, Fig. 4). In addition to the fact that water levels in rivers depend on water
discharges, they may depend on the hydromorphology of a river bed and its
floodplain, and other factors that may be not only stochastic, but and unpredictable
ones, both natural and anthropogenic. For example, in some parts of rivers, the
essential local elevations of water levels may occur due to compressions of their
channels downstream due to ice gorges, rubbish of logging etc.

At the same time, if time series of maximum water discharges are stationary or
guasi-stationary, the model of independent and identically distributed random
variable may be used to predict them. For most rivers that have not undergone
significant anthropogenic loads and in the presence of data of continuous
hydrological observations within time intervals of at least 3040 years, this
assumption can be quite admitted [18-20].

This model allows relatively simply predicting water discharges with low annual
probability of exceedance P, %, namely the discharges causing high water levels. In
Fig. 5 there are three alternative probability distributions that can be used to forecast
water discharges on the Dniester River, the Halych water level gauge, of various
probabilities: the model 1 is the type | Gumbel distribution; the models 2 and 3 are

the three-parameter gamma distribution (the Krytsky-Menkel model), with C,, =0,5
and C; =2C,, and with C, =0,6 and C; = 2C,,, respectively, where C,, is the
coefficient of variation, Cg is the coefficient of asymmetry.
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Fig. 5 — Examples of water discharges maxima probability distributions
(were built according to data given in Fig. 3)
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It should be noted, the model presented as a function of probability distribution
can be used to determine the discharge with the appropriate probability of
occurrence, or the probability of the corresponding water discharge. In the next step,
an equation of relationship between levels and water discharges may be used to
predict corresponding water levels to map zones of flooding.

The equation of relationship between levels and water discharges h = f(Q),
where h is the predicted water level and Q is the expected water discharge given
probability of exceedance P, %, is a well-known and quite often used hydrological
and hydraulic model (Fig. 6). This is a convenient model to use in practice, but it
should be borne in mind the equation of relationship between levels and water
discharges can highly change over time (Fig. 7), and, accordingly, the model should
constantly adjust to new data.
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Fig. 6 — A generalised equation of relationship between levels and
water discharges (was built according to data given in Fig. 3, 4)
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Fig. 7 — A set of equations of relationship between levels and water
discharges (the Dniester River, the Halych water level gauge)
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In how much, depending on different situations described by appropriate
equations of relationship between levels and water discharges, the flooded plots may
vary, even if practically the same values of water discharges happen, shown is in
Fig. 8. So, in 1906, when the water discharge maximum was 2040 m®/s, the water
level reached 874 sm.; in 1970, when the water discharge maximum was 2020 m?/s,
the water level was 632 sm.

Crappit Map

Piagessn
facuka

‘&yE8ne

Conoaiia

Legend

Flood zone for 632 sm et : = R

| Additional flood zone for 874 sm 8
S — Erioafi -2 Halych
ORI 155%3F 3 6 Kilometers
(Lo e (e | — . 2
MeanHn ’ Built using Aster satellite image

“P©'Open StreetMap (and) contributors, CC-BY-SA

Fig. 8 — Flooded plots modelling in the Dniester River valley near the town
of Halych (according to data the Halych water level gauge)

This adjusting to new data (See Fig. 7), which allows us to provide the required
guality and accuracy of the equation of relationship between levels and water
discharges, may be called the situational modelling of the flood hazard in-situ. In
this case, an appropriate situational model is not only a quite simple single-factor
regression model presenting dependence of a dependent variable h on one
independent predictor Q. Essentially, this is an empirical model h = aQ? that may
be used as a formula to predicting flood hazards for the next floods if the predictive
background expected unchangeable and the water discharge of the corresponding
probability of exceedance P, %, has been known (See, Fig. 5).

4. Some advanced results and conclusions concerning situational modelling of
the flood hazard in the Dniester River valley near the town of Halych

The basic assumption in situational modelling is the assumption that a predictive
background will be unchangeable in time [12, 13]. In fact, constancy of a predictive
background determines the only specific situation for which the relevant situational
model can be considered adequate.

In general, a predictive background can be considered as a set of external and (or)
internal conditions including unknown predictors that can be essential for the choice
of the structure of the relevant situational model or values of its coefficients.
Obviously, these conditions can be constantly changing in time. Changes can be both
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regular and irregular, both stochastic (probabilistic) and unpredictable, uncertain or
ambiguous. Some of these changes are actually impossible to predict and estimate.
If regular changes can be taken into account when introducing some additional
variables into the model, it is practically impossible, for example, to do this for
irregular changes. In this case, the comparing this situation with the famous “black
swan” by Nassim Taleb [22] comes to mind.

It is reasonable to assume that the smaller duration of the model situation in time
is, the more likely the constancy of the relevant predictive background we can expect.
It is only important that the appropriate time series representativeness was ensured
within the selected time interval [13, 23, 24].

In Fig. 9, 10, shown are sets of such retrospective situational models built
according to data given in Fig. 3, 4.
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Fig. 9 — A set of retrospective situational models to predict the
flood hazard in the Dniester River valley near the town of Halych
(models were built according to data from 1895 to 1970, See Fig. 3, 4)

As for the duration of predictive backgrounds to provide reliable situational
modelling, as an important result of our research got was the following. It was
revealed that for the Dniester River, at Halych water level gauge, the limit duration
of the unchangeable predictive background to build the still dependable situational
predictive model to forecast of the flood hazard in the Dniester River valley near the
town of Halych is within three years. And a fairly reliable model h = aQ?, which
can be used as an appropriate situational model to predict the flood hazard in-situ,
can be obtained in case of three corresponding values of water levels and water
discharges exceeding 500-1000 m®/s (See Fig. 9, 10).

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupoaokopucrysanss, Ne 1 (29), 2019



g 1000 3 1y 17 108Qoases h, = 25,741Q04037
Z 900 R2= 1 R* = 0,9998
> Y, = 9,5346(Q05282
g 800 R2 = 0,9999
= 700
S 600 § hs=9,9606Q05228 . e ——
= R2=1 — -
500 h, = 56,826Q02688
400 R*=0,9998
/ T e
300 % Water discharges Q, mé/s
200
0 500 1000 1500 2000 2500 3000 3500 4000
o 1974-1976 o 1977-1979 o 1980-1982
o 1989-1991 © 1992-1994 ® 19951997
® 1908 —.-1-1974-1976 — — 2-1977-1979
------ 3 - 1980-1982 - - - 4-1992-1994 —— 5-1995-1997

Fig. 10 — A set of retrospective situational models to predict
the flood hazard in the Dniester River valley near the town of Halych
(models were built according to data from 1974 to 1997, See Fig. 3, 4)

In Fig. 10, as an example, shown is the point corresponding to the 1998 data. This
point already has a deviation from the nearest situational model 5. Although the
difference between the predicted value of water level according to model 5 and the
observed value of the water level is only 13 cm, it can be essential when the
situational predicting is carried out taking into account the characteristics of the river
valley transverse profile in a particular plot. In addition, among situational models
in Fig. 9, 10 there are three models that can be called “black swans” (See the models
2 and 5 in Fig. 9 and the model 2 in Fig. 10). The existence of these models convinces
us that the predictive background for situational modelling the flood hazard in the
Dniester River valley near the town of Halych should be limited to three years to
avoid gross mistakes.
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I.B. Crepannmun, B.M. KopoyTtsk, 10./l. Crepannmmuna-I"appuiiox
CATYAIIMHO-TPOTHOCTUYHE MOJIEJTIOBAHHSA HEBE3IEKU IOBEHEM
B JOJIMHI PIYKHU JHICTEP BLJIsI MICTA 'AJIMY

Anoranis. [IpeacraBneHo MeTOA  CHTYaIlifHO-NPOTHOCTUYHOTO — MOJEITIOBAHHS
HeOe3rmekn TOBeHed B jgonuHi piukm J[HicTep Oinmsg micrta ['amwu Ha miacTaBi maHHX
T1JIPOJIOTIYHHX CIIOCTEpEKEHb, OTPUMAHHUX Ha TipoJioriyHomy nocty «[ ammu». BussieHo
JesKi XapakTepHi 0COOJIMBOCTI B MOBEIIHII PIBHSHHS 3B'SI3Ky MK DIBHSAMH 1 BUTpaTamu
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BOJIY JUTS BOJJOMIpHOTO TocTa «["aimiuy, 30KkpemMa 3aKOHOMIPHOCTI, [0 CIIPUSIOTH HATIIHHOMY
MPOTHO3YBAaHHIO HEOE3MEKH TIOBEHEH 3a JIOMOMOTOK  CTATUCTHYHHX JaHUX, 1
HEOJTHO3HAYHOCTI, M0 YCKIAJHIOITH MOAIOHE MporHo3yBaHHs. I[loka3aHa MOXIUBICTB
e(pCKTHBHOTO MPOTHO3yBaHHS HEOC3ICKH MOBEHEH B PO3MIITHYTOMY paioHI 32 TOTOYHUMH
JTAHUMH TiJPOJIOTIYHUX CIOCTEPEKEHD ISl MiHIMI3aIlil MOKIIMBUX 30MTKIB 1 BTPAT.

KuarouoBi cioBa: HeomHO3HauyHICTH; agaHi; piuka JHicTep; HeOe3meka ITOBEHEH;
TIIPONOTiIYHI ~ CHOCTEpEe)KEHHS,  CHUTyamiiHa  MOJENb;  CHTYaIllifHO-IPOTHOCTHYHE
MOZIEITFOBAHHS
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