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SUMMARY           

Statistical modeling of geophysical parameters of the upper part of the profile prone to 
flooding territory ("Expocenter of Ukraine") included discriminant analysis, classification 
functions and multiple regression analysis. The presence of thin aeration zone, occurence of 
low-permeability rocks, shallow aquicludes, overlapping or liquidation of the springs, the 
asphalt pavements and the embankment roads are the main causes of flooding processes. 
Indicative geophysical parameters for the detection of areas prone to flooding are specific 
electrical resistance of the upper layers of rocks in the intervals 0 - 1.5 and 1.5 - 3.0 m; elastic 
waves are not informative for this task. Classification equations based on resistivity parameters 
and elastic wave velocities effectively (about 90% of the correct classifications) distinguish 
areas with upward and downward trend of groundwater table. Mainly, this classification is 
based on the inverse correlation of the specific electrical resistance of layers in the range of 
depths 0-1.5 m with poor water saturation, and the direct correlation in the range of depths of 
1.5-3.0 m with good water saturation. 
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Introduction 
As a result of economic activity, as well as some geological, hydrogeological and weather-climatic 
conditions, groundwater rises to the maximum allowable or "critical" depths. This phenomena calls a 
“flooding”. Flooding processes have a negative impact on the environmental. The value of "critical 
depth" depends on the landscape and economic characteristics of the territory. Commonly, for the 
forest-steppe zone, the values "critical depths" are: arable land - 1.5 m, rural settlements - 2 m. 
Moreover, in urban location, the depths of underground structures are to take into account. So, for 
objects of industrial and civil constructions, the maximum depth of water-table (WT) is 5-8 and 5 m, 
respectively. In areas of eolian soil development, WT increases to 10 m. 
Leading geological and hydrogeological factors of flooding - lithology and filtration properties of 
rocks of the upper part of the profile (UPP). Сlay content, humidity (water saturation) and 
groundwater mineralization have a decisive impact on the specific electrical resistance (SER) of 
dispersed sedimentary rocks. The lowest and most durable SER are clay rocks with resistance less 
than 500 Ohms. Low SER of clays are explained by their rather high porosity (kp> 0.2), uneven water 
saturation (0.03 <kw <0.3), the presence of a large amount of bound water. In general, as the grain size 
of soft sediments increases and their clay content decreases, the SER of the rocks increases. SER of 
loams, sands and gravel deposits vary from first units to hundreds of Ohms. Loams is typically have 
range SER of 15–60 Ohms, sands - 60–120 Ohms. The porosity of loams and sands differs 
insignificantly, and therefore their SER depends primarily on water saturation and mineralization of 
groundwater. 
If porosity of rocks of UPP increase then SER decreases, as the amount of surface water and the 
probability of free water in the pores rise. The more of water saturation of the pore space of the rock 
the less of its resistance. This, in particular, explains why SER of formations below WT usually lower 
that the resistivity of rocks located above WT. Rocks of lower layer, as rule have pores full filled with 
water. The biggest differences of are SER observed in sands, сlastic and hard rocks with a high degree 
of cracking. But in clay rocks, SER above and below the WT differs insignificantly due to it have the 
large amount of strongly bound water. 
Elastic waves of UPP have strongly refractive boundaries between deposits with different types of 
structural bonds, as well as between rocks that are in different physical states (unsaturated, water-
saturated, frozen). Velocities and absorption coefficients of longitudinal and shear waves change on 
all these boundaries so it allows the use of seismic methods in engineering and geological surveys. As 
a rule, the basic useful information is obtained by means of refracted waves, which is connected with 
their relatively simple registration. WT is one of the most contrasting seismic boundary of UPP, 
which is associated with the zone of full water saturation. At this interface, there is a sharp increase in 
the velocity of propagation of longitudinal elastic waves. At the same time, it should be taken into 
account that the interval of tracking the main wave refracted from the surface of WT can be 
complicated, depending on the degree of velocity inhomogeneity of UPP. 
The territory of the Expocenter of Ukraine (Kyiv, Ukraine) is periodically affected by changes of WT 
and have a lot of areas will put it at risk of flooding. Development of flooding processes prevailed in 
the territory are a combination of natural and man-made factors: 1) occurrence of a thin aeration zone, 
2) the development of low-permeability rocks, 3) shallow aquacludes; and as main factors of man-
made impact: 4) overlapping of the springs, 6) creation of the asphalt coverings and the embankment 
roads etc. 
 
Data of investigation 
Geophysical research as a part of complex geological engineering survey of flooding processes on the 
territory of "Expocenter of Ukraine" was carried out for a long time (since 1950), with the basic 
cycles of researches during 1988-1989 and 2009-2010. There are microelectrosounding (103 points) 
and seismic profiling by the method of refracted waves (60) (Vyzhva et al., 2019). Also the 
hydrogeological wells (36) are available to monitoring of WT changes (Fig. 1).  
The results of the interpretation of SER taking into account the analysis of the distribution of isolines 
and numerical values of the apparent resistance, to make a fairly clear idea of the structure of the 
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UPP. The results of refraction seismic show high efficiency of finding of WT and at the same time 
determination of the velocity of elastic waves in the strata above and below the refractive limit. 
 

 
Figure 1 Location of points of VES (V), seismic profiles (S) and observation wells (W). The hatching 
shows the buildings of the Expocenter of Ukraine 
 

Aim. The presence of spatially combined data of SER, elastic wave velocities and measurements of 
the long-term groundwater level in the exploration area allows, using mathematical and statistical 
analysis of a large sample of data, to establish significant geophysical criteria for flooding 
localisation. 
 
Method 
The research model includes data on SER of 4 UPP horizons, corresponding to depths of 0-1.5 m, 1.5-
3.0 m, 3.0-6.0 m and > 6.0 m; velocity of longitudinal waves above and below the refractive boundary 
(V1 and V2, respectively). According to hydrogeological observations of WT in observation wells of 
different years (1961 and 1988), their difference (h, cm) were obtained. All information was used for 
complex statistical analysis using Statistica 13.0 software, particularly discriminant analysis, 
classification functions and multiple regression analysis. 
Discriminant model. A discriminant model of geophysical parameters of UPP aims to identify criteria 
for separating out of the various areas where are divergent trends at the regional level of WT. We 
make the following suggestions there are two trends - an upward (group "u") and downward (group 
"d") long-term movements of WT. The interpretive basis of the discriminant model is the statistical 
parameter "partial lambda Wilkes" (or Partial ), which is calculated as the ratio of the determinant of 
the intragroup variance matrix to the determinant of the total variance. If the value of Partial  is close 
to 1, it is evidence of poor discrimination of the corresponding variable, and conversely, the values of 
Partial , which are close to 0, indicate good discrimination of model. 
In general, the research model, which includes 18 objects, has the following characteristics of 
discrimination of groups "u" and "d": Wilks' Lambda - 0,5398, Fisher's test F (6,11) = 1,563, 
statistical significance p <0,246. 
In tabl. 1 (section "Discrimination") collected the values of the partial lambda, as the ratio of Wilks' 
lambda after adding the appropriate variable to the model. Comparing the six geophysical parameters 
included in the model, we see that the discriminant ability is highest when the variable 1 is included 
in it. When the variable 4 is included in the model, the group distinction is the worst. Preliminary 
view of the discriminant model shows, that the resolution of the SER of the geoelectric layers 
decreases with depth following their water saturation. The contribution of elastic wave velocities to 
the model is insignificant. 
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Classification functions. The combination of Wilks' Lambda coefficients made it possible to form a 
classification rule for dividing the total sample into groups "u" and "d". The obtained classification 
functions (table 1, section "Classification") show their high efficiency. The percentage of correctly 
classified points with a downward movement is 92.31%, and points with an upward movement of WT 
is 80%, which gives a total weighted accuracy of the classification procedure of 88.89% (Fig. 2). Only 
two points were misclassified. Spatially, they are located near the pavilions on the territory of 
Expocenter and are obviously under the strong influence of their engineering and drainage system. 
 

Table 1 The results of statistical modeling of geophysical parameters of rocks UPP of "Expocenter of 
Ukraine" territory 

Model Discrimination Classification Regression 

Variable/ 
parameter 

Partial 
 

F-
remove 

Grou
p “u’ 

Group 
“d” 

b Std. 
Err. b 

b* Std. Err. 
b* 

b* in Partial 
Cor. 

Semi
part 

R2 

1 0,67 5,33 0,04 0,08 -1,56 0,43 -0,02 0,004 -1,56 -0,74 -0,674 0,81 

2 0,851 1,93 -0,04 -0,07 1,68 0,58 0,01 0,004 1,68 0,66 0,54 0,89 

3 0,922 0,93 -0,02 -0,05 0,18 0,34 0,004 0,007 0,18 0,16 0,09 0,69 

4 0,98 0,14 0,67 0,76 -0,55 0,51 -0,06 0,053 -0,55 -0,31 -0,201 0,86 

V1 0,98 0,16 -0,06 -0,04 0,42 0,36 0,01 0,008 0,42 0,33 0,22 0,73 
V2 0,91 1,09 0,17 0,14 -0,17 0,36 -0,003 0,006 -0,17 -0,14 -0,09 0,73 

Constant -25,39 -23,8 Intercept 1,22 1,296     

Notation: statistically significant variables, statistical parameters are highlighted in red: F-remove - the value 
of the F-criterion of the corresponding Partial lambda; b * - standardized and b non-standardized regression 
coefficient; Std.Err. - stantdardized error; b* in - regression coefficient when entering it into the model, Partial 
Cor - partial correlation coefficient, Semipart - semi-partial correlation coefficient 
 

The classification functions allow, with a certain probability, to attribute the point to the groups of 
downward or upward movement of WT with geophysical parameters. The areas marked with group 
"u" are potentially dangerous for the development of flooding. Anyway it need to take into account 
that delineation of sections of points of one of the group should be performed with the involvement of 
available engineering and geological data on UPP and the surface area too. 
Indicators of the natural factor of flooding - thin aeration zone, occurrence of low-permeability rocks, 
shallow aquicludes etc. The most dangerous man-made floodings have another origin: backwater 
effect by reservoirs and ponds; various infiltration losses / water runoff from main canals, the 
drainage structures, water supply and sewerage networks and other communications; overlapping or 
elimination of the springs or ravines; land irrigation; the asphalt coverings; siltation, loss of drainage 
properties of rivers; the embankment roads not equipped with culverts etc. Accordingly, this available 
information should verify the data of the statistical classification. 
Regression model. A model of linear multiple regression equations allow to get a quantitative 
relationship between the geophysical parameters of UPP and the value of the long-term movement of 
WT (h), a n was created. The parameters 1, 2, 3, 4, V1, V2 were chosen as predictors; as a 
dependent quantity - h, at the same points.  
The results of linear multiple regression are presented in the form of consolidated standardized (b*) 
and non-standardized (b) regression coefficients (tab. 1, section "Regression"). Standardized 
regression coefficients are used to obtain the value of the simulated dependent variable, while the 
coefficients b* can be used to judge the contribution of each predictor to the value of the dependent 
value, depending on its value, which is in the range from -1 to 1. Another aspect of regression analysis 
connected with estimation of impact of one predictor on the magnitude of the response with constant 
influence of the other predictors. This effect is estimated using partial (Partial Cor) and semi-partial 
correlation coefficients (Semipart). 
The results of regression analysis show high statistical stability of the results: multiple correlation 
coefficient R = 0.79, coefficient of determination R2 = 0.62, statistics F (6.11) = 3.0187, p <0.05, 
standardized error 0.75.  
You can see high values of multiple regression coefficients b* near the variables 1 and 2 (tabl. 1, 
section "Regression"). The different sign near the coefficients 1 and 2 is due to the different nature 
of the impact of the moisture of the upper stratum on SER. At the same time, the lowering of the WT 
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leads to a decrease in the parameter 2. Therefore, the changes of WT are quite sensitive to changes in 
the value of 1 and 2, and their ratio 1/2. In turn, these geophysical parameters are well determined 
by surface electrical exploration methods. 

 
Figure 2 Scheme of subtractive values of WT in cm with the points of classification of sites 
(classified: r - correct, w - incorrect) 
 

Regarding the quantitative measure of the significance of the variables 1 and 2 in the regression 
model, they can be estimated by and b* in and Partial Cor. 
If we are ignoring the impact of insignificant components 2, 3, V1 and V2, manipulation with values 
1, 2 and their ratio 1/2, than could see that the largest amplitude of the downward movement of 
WT (up to 15) ties with the ratio of resistances of the first and the second layer 1/2 at 1000. There is 
an inverse relationship - the upward movement of WT up to 16 m will be reflected in the value of 
1/2 to 0.0001. As the experience of long-term observations, WT could varies from a few centimetres 
to a few decimetres, so the real range 1/2 value will be in the range from 10 to 0.1. 
In general, the results of multiple regression can be used to predict the progress of WT movement, but 
only as an estimate value, not as an expert one. The small spatial and temporal base of observations of 
"Expocenter of Ukraine" territory did not allow to apply such more comprehensive forecasting 
statistics as autoregressive analysis, logsliding algorithm, analysis of distributed lags, etc. 
 

Conclusions 
The presence of thin aeration zone, occurrence of low-permeability rocks and shallow aquicludes; 
also overlapping or liquidation of the springs, the asphalt pavements and the embankment roads etc all 
these are the main causes of flooding processes on the territory of the Expocenter of Ukraine. 
Indicative geophysical parameters for the detection of areas prone to flooding are SER of the upper 
layers of rocks in the intervals 0-1.5 and 1.5-3.0 m; elastic waves are not informative for this task. 
Classification equations based on resistivity parameters and elastic wave velocities enough effectively 
distinguish areas with upward and downward trend groundwater table (about 90% of the correct 
classifications). Mainly, this classification is based on the inverse correlation of the SER of layers in 
the range of depths 0-1.5 m with poor water saturation, and the direct correlation in the range of 
depths of 1.5-3.0 m with good water saturation. 
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