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Abstract. The pluvial flood hazard of an urban area can be characterized by the environmental
vulnerability. It is a measure that depends on three spatial factors: morphology, water coverage and the
drainage capacity of the ground. Since the drainage capacity is the function of the composition and
structure of the overburden layers, geophysical survey data can assist in the assessment of flood
hazard. We worked out a methodology for determination the high-resolution distribution of
environmental vulnerability using data from two geophysical surveying methods that are applicable in
urban areas. In case of the ground penetrating radar method, the surface drainage capacity was linked
to the clay content of the overburden. Thus, the attenuation of the electromagnetic waves could be
correlated with the permeability factor of the environmental vulnerability. When relating this factor to
the data of a DC electric survey we correlated the electrical resistivity values to the dominant grain size
distribution of the upper layer. We demonstrate the application of this methodology in two urban field
studies in Hungary, where the environmental vulnerability was defined along geophysical survey lines
with horizontal resolution of the surveying method. In the first case, GPR method was used to
determine the permeability factor and a digital terrain model served as the source of morphology data.
The second case was in a flat area, where there was no need for slope data. The permeability factor was

derived from electrical resistivity values of a three km long survey line and grain size analysis results
of drill.

Keywords: pluvial flood hazard, vulnerability index, attenuation of GPR waves, DC resistivity
survey, water-permeability
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Introduction

Pluvial floods may occur frequently in urban areas as one among the harmful
consequences of global climate change. Bueno et al (2012) showed that the impact
assessment of pluvial floods requires the involvement of several fields of sciences
(Geotechnics, Environmental Sciences, Economics, Social Sciences). Indexing the
environmental vulnerability, the terrain and geological conditions affecting the surface
water drainage can be quantified.

Rotarné at al. (2016) worked out a methodology for determination of vulnerability
of subsurface aquifers. The following tasks were performed during the impact
assessment:

* Making aerial photos for determination of surface coverage

* Preparing high resolution Digital Terrain Model

* Preparing the surface flow model of the area

* Defining the exposure indicator

* Surface geophysical survey and shallow drill sampling for high resolution
imaging of the aquifer

* Integrated interpretation of acquired data

* Impact assessment

Plank at al (2016) presented the application of this vulnerability assessment method
in a test site.

The environmental risk assessment method approved by the Intergovernmental
Panel on Climate Change (IPCC) of the European Union (IPCC 2014) defines the
climate risk as the function of three pillars: hazard, exposure and vulnerability (V).

The environmental vulnerability of near surface structures is directly connected to
the dominant grain size range of the overburden, which can be derived from the results
of various geophysical surveying methods. Kirsch et al (2003) used large scale
mapping of electromagnetic conductivity to define the vulnerability index that reflects
the territorial exposure of aquifers against pollution. Christensen and Christiansen
(2021) demonstrated the vulnerability of an aquifer with the thickness of a clay
overburden defined through electromagnetic survey data. Obiora et al. (2016) used
interpretation of geoelectric mapping for aquifer delineation and vulnerability
determination.

Dannowski and Yaramanci (1999) demonstrated in a field example that it is worth
combining ground penetrating radar (GPR) and geoelectric resistivity methods for
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defining the physical parameters of a porous media. Using GPR huge amount of high-
resolution data can be acquired in relatively short time. The shielded antennas can be
used even in urban environment; consequently, GPR survey is an effective tool in
defining the distribution of vulnerability. Ground penetration radar method is
appropriate for investigating shallow sediments in urban areas as it was shown in field
experiments by Stowik (2014).

According to Lunt et al (2005) the climatic conditions have significant influence on
the attenuation of GPR waves in near surface environment. Besides the surveying
frequency, the penetration depth of electromagnetic waves is the function of the
dielectric properties of the investigated medium as it depends on the hydrogeological
parameters such as clay content, porosity, grain size distribution (Boll et al. 1996;
Neal 2004; Steelman and Endres 2010). According to Daniels, 2004 the layer’s clay
content has the major impact on attenuation of the electromagnetic waves in the
frequency range over 50MHz . Wunderlich and Rabbel, (2013) directly linked the
frequency change and attenuation loss of the reflected GPR signals to the clay and
water content of the examined soil samples

In general, the electrical resistivity of sediments depends on grain size, degree of
saturation, and the resistivity of the fluid in the soil pores (Smith and Sjorgen 2006).
Furthermore, the electrical potential formed on the surfaces of the clay particles lowers
the resistivity of the layers with dominant clay content (Hou et al. 2009).

The purpose of this study is to show a scientifically based indexing method for
indexing environmental vulnerability even in urban/built in areas. The geophysical
field survey is the key point of the method because it provides data with high areal
resolution. Since the problem of pluvial floods affects built in areas we were focusing
on involving such geophysical survey methods that can be reliable applied even in
urban areas where -compared to rural field conditions- there are specific challenges to
keep the signal/noise ratio at an acceptable low level.

Methodology
Vulnerability calculation

Sperotto et al. (2016) introduced a physical and environmental vulnerability
assessment method for giving the territorial pluvial flood risk considering the near
surface geological composition. They define the environmental vulnerability as the
function of three factors: slopes (f1), water permeability (f2) and water coverage (£3).
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Each factor can take a value between 1 (very vulnerable) and O (not vulnerable). The
vulnerability pillar can be calculated with Formula (1):

V=8-1f; 1)

where the symbol ® indicates the operator ,probability or ”, given by Kalbfleisch
(1985).

For determination of slope factor (f1) application of high-resolution digital terrain
model is recommended however, in smaller sites, surface geodesy can be also
appropriate. The effect of the soil permeability appears at factor f2. It is quantified
upon the clay content of the overburden based on the soil’s grain size distribution. The
2 value in built up areas equals one. For the values of the surface coverage factor (f3)
the value of 0.8 is given if there is water on the surface and 0.2 in case of a dry surface.

Converting physical parameters such as slope or water permeability into dimension
free vulnerability factor is a useful tool to be able to express environmental
vulnerability with a single number that still represents the parameters that it was
derived from. Figure 1 illustrates the three factors and the derived vulnerability using
the Kalbfleisch operator in some theoretical cases. It can be observed, that due to the
mathematical characteristics of the Kalbfleisch operator, the vulnerability value is
always higher that the highest factor value, no matter how low the other factors are.
Furthermore, if any of the three factors equals one, it makes the vulnerability to 1.
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Figure 1.: Environmental vulnerability values calculated from the factors of slope, permeability and
surface coverage after Sperotto at al (2016). [A lejtés-, dteresztéképesség- és felszinboritds faktorokbol

szamitott kérnyezeti sériilékenység értékek Sperotto at al (2016) alapjin]

Sperotto at al. (2016) defined the permeability factor upon the correlation between
water infiltration capacity and clay content (Table 1).
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Table 1. Clay content, layer permeability and vulnerability factor values after Sperotto at al. (2016)
[Agyagtartalom, a réteg dteresztd képessége és a kornyezeti sériilékenység értékek Sperotto at al (2016)

alapjdn]
Layer description Permeability Permeability factor £
Stratified clay <10e®m/s 0,8
Clay with silt 10e®-10e7m/s 0,6
Silt 10e7 - 10e®m/s 04
Fine sand 10e® - 10e>m/s 0,3
Sand and gravel >10e5m/s 0,2

Determination of permeability factor from geophysical data

The DC (direct current) electrical resistivity and the propagation of electromagnetic
waves are both physical parameters that depend on certain hydrogeological
parameters (i.e., clay content, porosity, dominant grain size) of the investigated
medium. Consequently, they can be used for determination of the permeability factor.

From the point of vulnerability assessment against pluvial flooding only the
permeability of the surface layer is relevant, which is evidently located over the
ground water table in case of dry surface coverage. With the lack of pore fluid in the
unsaturated zone the resistivity dominantly depends on the clay content. Once the
attenuation loss of the GPR waves is a direct indicator of the layer’s clay content, it can
be linked to the permeability of the overburden. For this purpose, we introduced the
parameter D10 representing the depth where the amplitude of the direct, high
frequency electromagnetic wave decreases to its 10%. With other words: D10 is the
depth where the attenuation loss of the GPR wave reaches 90%. It means that the
higher the clay content of the upper layer, the higher the attenuation loss, the lower
the D10 depth. From the other point of view higher clay content is linked to less water
infiltration capacity, which means higher vulnerability for a pluvial flood.

By measuring the DC resistivity of the surface layer using geoelectric surveying
methods combined with grain size analysis of soil samples, the permeability factors
can be derived along the survey line. First the correlation between the physical
properties such as electrical resistivity and geological parameters affecting water
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infiltration such as grain size distribution need be set up with the combined
interpretation of geoelectric surveying data and drill hole sample analytics. Next, the
permeability factor can be linked to the electrical resistivity as presented in Table 1.

Field study 1

This field study presents the application of GPR method in determination of surface
vulnerability. The test site was in a village in the valley of River Sarviz in central
Hungary. The assessment of the area from the point of environmental vulnerability
may be useful for development of a new water management plant and may strengthen
the local decision makers' commitment for implementing local adaptation measures.
The region of the investigated site is part of a system with living waters, fishponds,
channels, marshes, with a unique birdlife and freshwater habitats, excellent
possibilities for fish farming, angling and soft tourism. Permanently dry areas are
covered with good quality soil (high organic matter content, high permeability) being
used for intensive agriculture.

Site characterization

The near surface geological structure of site was reconstructed after the data of
several shallow bore holes (maximal depth of 50m), GPR and geoelectric surveys. The
location map of the investigated area is shown in Figure 2.
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Figure 2.: Location map of the investigated site. [A kutatdsi teriilet helyszinrajza]

The geological structure reflects to conventional alluvial sedimentation: layers with
various clay and sand content. A typical geological sequence is presented in Table 2.
From the point of vulnerability against intense rainfall the zones with low water
permeability indicated by high clay content may be dangerous.
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[Geofizikai médszerek]

Table 2. Typical drill hole sequence. [Tipikus furdsi rétegsor.]

Depth Thickness (m) | Layer content
from (m) | to (m)

0 2 2 Soil

2 2.6 0.6 silty sand
2.6 4.7 21 sandy clay
4.7 259 21.2 marl
259 34 8.1 sand

34 43.8 9.8 silty sand
43.8 45 1.2 clay

The GPR data acquisition was carried out along 17 survey lines using SIR-20
equipment with 200 MHz, shielded antennas. Table 2. gives the technical details of the

GPR profiles.

Table 3. Technical parameters of GPR survey lines. [A foldradar mérési vonalak miiszaki

parameéterei.]

Line number | Length | Number of
channels

2 97 m 974

3 530 m 5326
4 715 m 5134
5 2159 m 53886
6 1909 m 41598
7 1561 m 20510
8 1130 m 21358
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9 705 m 19902
10 459 m 8366
11 1875 m 33966
12 583 m 13262
13 457 m 10110
14 498 m 12238
15 104 m 1038
16 2248 m 24622
17 310 m 3054
Total: 15340 m 275344

After digital signal processing (background removal with f-k filtering and
automatic gain control) 0.1 m/ns average propagation velocity was used for depth
transformation. Figure 3 presents a 300 m long, typical GPR profile after this
processing step. Red arrows indicate a layer boundary in the depth range of 1.6-2.0 m.
This boundary cannot be detected in the left side of the radargram due to the
attenuation loss cause by increasing clay content. Such zones were identified as
locations vulnerable to flooding.
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Figure 3.Sample GPR profile in the investigated site. Red arrows indicate a layer boundary. [Példa
foldradal szelvényre a vizsgilt teriiletrdl. A piros nyilak jelzik a réteghatirt.]
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Geoelectric resistivity survey was done along 4 profiles in order to get detailed
information on the endangered zones having been marked upon the GPR results of
investigations. The measurements were carried out with a Syscal Junior multi-
electrode system using 72 electrodes in a roll-along array introduced by Dahlin and
Bernstone (1997). Based on the studies of Plank and Polgar (2019) a Wenner-
Schlumberger electrode configuration was used with a 2 m unit electrode distance in
order to image the resistivity distribution of the upper 20 m. The data processing was
done using a Gauss-Newton method developed by Loke and Barker (1996). The
resistivity values were linked to geological layer information using the drill hole data.
One interpreted profile is shown in Figure 4. Below a thin, resistive soil overburden
there is a clay layer that can be characterized with resistivity values lower than 15
Ohmm. Below there is a saturated sand layer (resistivity over 25 Ohm) with some silt
intercalations (20-25 Ohmm).

" Inverse Hodel Res
L1 1 ] J
28 117 1

9. 4.8

rse Hodel Resistivity Section
(7] [ [ N [ () [ [ .
K 23.7  30.0  38.0  48.0

18.8 -
Resistivity in ohn.n Unit electrode spacing 2.00 m.

Figure 4.: Interpretaed typical resisitivity profile. The colour scale indicates the resistivity values in
Ohmm. [Egy tipikus fajlagos ellendllds szelvény értelmezés utin. A szinskdla a fajlagos ellendllds
értékeket jeleniti meg ohmmeéterben.]

Determination of vulnerability factors

A high resolution, digital terrain model (DTM) of the site was set up based on the
data of an air borne geodesy survey. From the DTM high resolution slope values and
directions were derived.

According to the instructions of Sperotto et al (2016) the slope values were linked to
one the three possible slope factor values. The flat area gets the factor value of 0.8 while
the steepest part with the slope over 10.27% gets 0.2.
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The permeability factor was calculated from parameter Dip representing the
attenuation loss in the top layer due to its clay content. At the first stage of the
calculation the number of samples in the received signals were counted until the signal
lost 90% of its amplitude. This calculation was done for each channel of all survey lines
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as shown in Figure 5.

Next the depth scale was set using the wave propagation velocity of 0.1 ns/m. As a
result, for example, 75 samples before losing 90% of the initial signal represented 0.36
m of Dio depth, while 155 samples 0.78 m. Following Sperotto’s permeability
classifications the f; factor was defined upon the D1o depth as given in Table 4.

Table 4. Layer characteristices linked to D1o depth and vulnerability factor values [Rétegjellemzdk

hozzdrendelése D19 mélységhez és a kdrnyezeti sériilékenység értékekhez]

155
150
145
140
135
130
125
120
115
110
105
100
95

90

85

80

75

Layer description

Do range

Permeability factor £

pure layered clay

0-0,25 m

0,8
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clay with silt 0,251-0,35 m 0,6
silt 0,351-0,5 m 04
fine sand 0,51-0,75 m 0,3
sand and gravel over 0,75 m 0,2

Finally, the factor for surface coverage was determined upon the photos of the air
borne survey.

Vulnerability assessment

For demonstrating the applicability of the vulnerability assessment method based
on GPR survey we chose two GPR profiles in the area that were classified as endangered
upon the DTM. Figure 6 shows a DTM cut off with the locations of the chosen survey

Figure 5. Digital terrain model with the traces of the GPR profiles. [Digitdlis
felszinmodell és a foldradar mérési szelvények nyomvonalai.]

lines (drawn in black). The dark green zones indicate flat areas, while the orange and
red ones refer to increasing slope.

Figure 7 shows the calculated slope and permeability factors along the two survey
lines.
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Figure 6. Slope factor (green) and permeability factor (blue). [Lejtésfaktor (z6ld) és dteresztdképesség
faktor (blue).]

The factor f3 was defined upon the delineated water coverage. The traces of the GPR
profiles were in dry areas with the uniform fs; value of 0.2. The environmental
vulnerability was calculated upon the three factors using the Kalbfleisch operator from
point by point along the GPR profiles as it is shown in Figure 8. The dark red zones
indicate areas with extremely high vulnerability due to the combination of flatness and
low water permeability of the near surface overburden. The areas with medium
vulnerable against pluvial floods are marked with yellow. Here the higher water
drainage capacity decreases the vulnerability due to the combination of dipping
surface and lower clay content in the near surface region.
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Vulnerability

@ 0.4 to

Figure 7. Environmental vulnerability along two GPR profiles. The darker red the
circles the higher the vulnerability.[Kérnyezeti sériilékenység két foldradar szelvény
mentén. A sotétebb vords drnyalatii korok magasabb sériilékenységet jeleznek.]

Discussion to Field study 1

In this field study we presented the elaboration of vulnerability indexing method
based on ground penetration radar data. Previously this site has been qualified the
method based on the high-resolution data of a DTM described by Rotarné (2016). As a
result of this previous survey endangered zones were marked (striped areas in Fig 8.).
In our vulnerability indexing method we related the water permeability characteristics
of the earth with the attenuation of the electromagnetic waves. Applying our GPR-
based indexing we could improve the areal resolution of the geological factor besides
the slope factor of the terrain model. As a result, the areal resolution of marking the
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endangered sites were increased: in Figure 8 the heavily endangered zones are marked
with dark red dots.
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Field study 2

The site for demonstrating the derivation the permeability factor from geoelectric
resistivity data is located in a suburban district of the capital, Budapest. It is at the bank
of a regulated branch of the River Danube in the northern part of an island named
Csepel. The site is built up from fluvial sediments: sandy-gravel layers with silt and
clay intercalations. The overburden is a thin upfill material. The investigated site is a 3
km long flatland in a protected green zone that is few hundred meters wide between
the river branch and urban area. Due to a sluice cutting off the river branch from the
main water flow, the fluctuation of the water level is under control and does not
depend on weather conditions. Thus, the area is highly endangered by pluvial floods
as shown in the photos in Figure 9.

Figure 8.: Photos in the investigated area in dry weather and after rainfall. [A kutatdsi teriiletrdl késziilt
fényképek szdraz idészakban és esézés utin.]
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Site characterization

The near surface geological structure of the investigated area was reconstructed
after geoelectric resistivity data. Two survey campaigns were done: once a nearly 3.2
km long survey line along the riverbank was measured with an inverse Schlumberger
array using the roll-along technique with the ABEM Swift String 8R instrument. The
unit electrode distance was 2.5 m, the number of depth levels was: n=11. Secondly a
3D resistivity survey was carried out with 72 electrodes in a pole-pole array separated
to 2 m unit distance. Figure 10 shows the location map of the field activities, while the
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details of the applied 2D and 3D arrays are given by Loke, 2015.
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Figure 9. Location map of the investigated site. [A kutatdsi teriilet helyszinrajza.]

The data processing was done with the software Res2Dinv and Res3Dinv. The
geological interpretation was done using archive borehole data and the results of soil
sample analysis. Figure 10 show the location map of the site with the survey lines and
drill hole positions. According to the 2D resistivity profile there is a remarkable
resistivity variation in the near surface overburden. The typical resistivity value is in
the range of 16-30 Ohmm at first 1000 m of the profile representing wet soil with high
clay content. From the middle part of the profile the clayey overburden is substituted
by soil with mixed construction material with large grain size and low clay content.
The typical resistivity increases to over 80 Ohmm. The lower layer consists of typical
fluvial sediments with various grain size distribution: gravel (60-80 Ohmm), coarse
sand (60-40 Ohmm), fine sand (30-40 Ohmm), aleurit (20-30 Ohmm). The bottom layer
is a conductive aleurit with high clay content (the resistivity is below 20 Ohmm).
Figure 11 shows some sample sections of the 2D resistivity profile with its geological
interpretation.
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Figure 10. Sections of the 2D resistivity profile with bore hole information and geological
interpretation. [2D Fajlagos ellendllds szelvenyek fiirolyuk adatokkal és foldtani értelmezéssel.]

The 3D resistivity survey combined with shallow drill hole sampling provides a
reliable and high-resolution image of the geologic structure of the upper 18 m (Figure
12). The thin overburden is a conductive Holocene layer with high clay content. It is
bordered by a resistive layer with large sized particles, that is identified as Pleistocene

sand and gravel. The lowest layer is an upper Miocene, conductive aleurit with high
clay content.
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Figure 11.: Geological interpretation of the 3D resistivity survey. [3D fajlagos ellendllds mérés
foldtani értelmezése.]

Determination of permeability factor

For determination of the permeability factor the results of the laboratory soil
sample analytics were correlated with the 3D resistivity survey. We took the variations
of the grain size distribution of the drill hole samples corresponding to the parameters
in Table 1. At the next step we took the electrical resistivity value of the horizontal and
vertical reference points nearest the sediment sample location and matched them to
the dominant grain size fractions. Figure 13 shows the typical the grain size
distribution and electrical resistivity values for the different permeability factors.

Finally, we defined ranges of electrical resistivity for all each grain size category by
setting up confidential intervals a shown in Table 5.
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Table 5. Grain size fractions and resistivity ranges linked to permeability factors. [A szemcseméret
frakcidk és a fajlagos ellendllds tartomanyok hozzirendelése az dteresztoképesség faktorhoz.]

Permeability = Clay Silt Sand Gravel | Resistivty
factor fraction | fraction | fraction | fraction  range
[mm] [mm] [mm] [mm]
0.00- 0.005- 0.06-2.0 | 2.0-40 Ohmm
0.005 0.06
0.8 72,9 22,4 3,9 0,5 <20
0.6 40,6 24,0 16,2 19,0 20-50
0.4 4,0 3,0 33,1 59,5 50-75
0.2 51 1,9 10,6 82,2 >75
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Figure 12.: Grain size distribution of sediment samples compared with permeability factors and
electrical resistivity values. [Fiirdsmintik szemcseméret eloszldsanak dsszevetése a fajlagos ellendlldssal
és az dteresztoképesség faktorral.]

Vulnerability assessment

The vulnerability assessment of the investigated 3D site was not overly exciting,
because being a dry, flat land, the slope and surface coverage factors didn’t show any
areal variation: f; took 0.8 and f3 took 0.2. Consequently, as it was illustrated in Figure
9, the whole area is assessed to be very vulnerable to flooding from rain independently
of the permeability factor f». Nevertheless, the high-resolution distribution of
permeability may give help planning and implementing prevention and mitigation
measures against pluvial flood.

For determination the permeability factor along the 3.2 km long survey line we
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calculated the reference resistivity of the overburden: we took the median of the
resistivity values in the depth range of 0-1.5 m in each horizontal reference point of the
resistivity profile. Finally, we linked the median resistivity values to permeability
factors according to Table 5. Figure 14 shows the fluctuations of the permeability
factors as the function of median resistivity values and also its impact on the final
vulnerability of the area.
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Figure 13. Vulnerability and permeability factors of the 2D survey line calculated from the median
resistivity values of the upper 1.5 m. [A 2D mérési vonal mentén a felsé 1,5 m-re szamitott,
sériilékenység és dteresztiképesség faktorok medidnértékei.]

Discussion to Field study 2

In this field study we presented the process of vulnerability indexing using electrical
resistivity data for qualifying the water permeability of the near-surface sections. For
deriving the geological factor, we assigned the clay content of in situ soil samples to
electrical resistivity. Since the area was quasi flat the distribution of the slope factor
was uniform: the vulnerability index depended on only the clay content.

Results

In this study we demonstrated how geophysical methods can be used in indexing
environmental vulnerability of sites that are endangered by pluvial floods.

The literature reports that vulnerability can be quantified using three factors: slope,
drainage capacity and how much water covers the surface. We showed that once the
joint impact of the three factors is calculated using the “probability or” operator, the
vulnerability is always higher than the value of the highest factor.
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Since the permeability factor is directly linked to the clay content, we worked out
and tested methodologies applying shallow geophysical methods to determine clay
content and thus permeability for indexing the environmental vulnerability. For
pairing the physical parameters with geological ones, the geophysical surveying needs
to be adjusted by analytics from drill hole samples, too.

For determination of permeability factors with GPR survey we introduced the
parameter Dqo that represents the attenuation of the high frequency electromagnetic
wave due to the clay content of the layer. The application of the method was
demonstrated in an urban area where the slope factor was determined from high
resolution, digital terrain model.

In case of deriving permeability factor values with DC resistivity method, the
electrical resistivity data were correlated with the variations of grain size distribution
upon the laboratory analytics of drill hole samples.

Our filed tests showed that both the chosen geophysical methods are applicable for
high resolution indexing environmental vulnerability in urban areas where pluvial
flood is an environmental hazard.
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Absztrakt. A varosi teriiletek es6zések okozta villamarviznek val6 kitettsége jellemezhetd a kornyezeti
sériilékenység indexszel. Ez a mér6szdm harom térbeli tényez6tél fligg: a morfologiatol, a
felszinboritastodl és a felszin vizateresztd képességétol. Ez utobbi tényez6t egyértelmiien meghatarozzak
a felszin kozeli rétegek Osszetétele és szerkezete, emiatt egyes geofizikai moédszerek alkalmazasa
segithet a vizelontési veszélyeztetettség felmérésében. A publikdcié bemutat egy médszertant, amit a
kornyezeti sériilékenység nagy felbontast eloszldsanak meghatérozasara dolgoztunk ki, két, varosi
kornyezetben is alkalmazhat6é geofizikai felmérési moédszer adatainak felhasznaldséval torténik
veszélyeztetettség mindsitése. A talajradaros médszer esetében a felszini vizateresztd képességet a
fed6réteg agyagtartalmahoz kotottiik, ezéltal az elektromagneses hullamok csillapodasat, mint fizikai
paramétert Osszefiiggésbe hoztuk a kornyezeti sériilékenység vizateresztési tényez&jével. A masik
esetben ugyanezt a tényez6t az egyenaramu elektromos mérés adataibdl hataroztuk meg agy, hogy a
mérés sordn meghatarozott, fajlagos elektromos ellenallas értéket a fels6 réteg domindns szemcseméret-
eloszlasaval hoztuk osszeftiggésbe. A kidolgozott médszertan alkalmazasat két hazai varosban végzet
esettanulmanyban mutatjuk be, ahol a kornyezeti sériilékenységet geofizikai szelvények mentén
hataroztuk meg az alkalmazott moédszer 4&ltal biztositott, vizszintes felbontdssal. Az elsé
esettanulmanyban a foldradar moédszert alkalmaztuk a vizéateresztési tényezé meghatarozaséra, és
digitalis terepmodell szolgalt a lejtési adatok forrasaként. A masodik esettanulmany helyszine egy sik
tertilet volt, ahol nem volt sziikség morfolégiai adatokra. Az atereszt6képesség tényez6t egy harom
kilométer hosszi mérési vonalon mért, fajlagos ellendllas értékekbdl és a fardsos talajmintak
szemcseméret-elemzési eredményeib6l szarmaztattuk.
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