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ABSTRACT Inland excess waters cause numerous considerable problems in economy, society
and environment on a low lying parts of Serbia. The SEERISK methodology has been used for
assessing the risk of inland excess water in KanjiZa municipality in Serbia. By applying the GIS
tools, inland excess areas were extracted and categorization of different hazards level was done
for following cover types: vegetable, orchard, crop, vineyard, grassland and forest. Analysing
the satellite images for the selected period (March 2011, August 2012, April 2013 and June 2013),
results show that four occurrences of inland excess water were recorded at 0.07% of territory,
three occurrences at 0.53% of territory, two occurrences at 3.86%, one occurrence at 9.26% and
there were no occurrences at 86.28% of territory. As the final result, the risk map shows four
inland excess water risk level zones ranked from “Low”, “Medium”, “High” to “Very high” which
can be used by the local authorities in order to design strategies for reducing negative effects
from inland excess water hazard.

KEY WORDS inland excess water - KanjiZa - risk assessment - groundwater - Seerisk

NAD, I., MARKOVIC, V., PAVLOVIE, M., STANKOV, U., VUKSANOVIC, G. (2018): Assessing inland excess
water risk in Kanjiza (Serbia). Geografie, 123, 2, 141-158.
Received April 2017, accepted May 2018.

© Cesk4 geografickd spole¢nost, z.s., 2018



142 GEOGRAFIE 123/2 (2018) / I. NAD, V. MARKOVIC, M. PAVLOVIC, U. STANKOV, G. VUKSANOVIE

1. Introduction

The term inland excess water refers to surplus surface water that can originate
from different causes such as lack of runoff, insufficient absorption capability of
soil or the upwelling of groundwater (Rakonczai et al. 2011). This phenomenon is
temporary and it occurs in flat-lands due to both precipitation and groundwater
emerging to the surface (P4sztor et al. 2015). When groundwater table increases
the upwelling or vertical type of inland excess water occurs. The second most fre-
quent type of inland excess waters is accumulative or horizontal type that forms
under gravity in the lowest areas with limited infiltration and/or limited runoff,
independent from the groundwater table or communicating by capillary system
(Barta 2013). In general, excess water occurs regularly in the Carpathian Basin,
usually at the end of winter and in spring and during summer every 2-4 years
(Mezési et al. 2014).

The term inland excess water received more scientific attention in Serbia as it
is a reoccurring problem in the Carpathian Basin, but the problem exists in other
European and Asian countries (Demin 2010, Barta 2013, Mez4si et al. 2014). Low
lying, flat areas and local depressions with impermeable soils in the northern
part of Serbia, which is the lowest part of the Carpathian basin, are also affected
by the appearance of inland excess water. Despite the extensive hydro technical
melioration measures that were undertaken during the last two centuries large
agricultural areas, part of the settlements are endangered by this process (Pavié
et al. 2014). In Vojvodina during 1956 approximately 230,000 ha was affected
by inland excess waters. During the seventies, almost 130,000 ha (year 1970 -
127,000 ha; year 1975 - 128,000 ha) of agricultural areas were affected by the same
hazard. In the year 1980 inland excess water floods extended on 146,700 ha. In the
1999 and 2000 more than 100,000 hectare was covered by the inland excess water
that endangered more than 400,000 hectares of agricultural and settlement areas
(Szatméri, Van Leeuwen 2013).

Inland excess waters and other disastrous hydrometeorological extremes cause
numerous considerable problems in economy, society (Dolék, Brazdil, Valasek
2015) and also in environment in this part of Serbia (Obradovié et al. 2014). As a
predominantly agricultural region, inland excess waters cause severe damages
to the crops and physically obstruct field activities. When appearing in the set-
tlements, inland excess waters can cause damages to buildings, soil contamina-
tion because of sewer pits, slowing local traffic, etc. (Pavié et al. 2013) or even
be displaced (Madi¢ 2015). For the illustration, the agricultural damage in the
municipality of Kikinda was approximately 22 million Euros just in 2010 (The
Municipality of Kikinda, 2010).

Because of the complexity of this natural hazard and the fact that climate
changes and their manifestation still represent one of the main topics of hydrology
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(Falatkova et al. 2014), effect of inland excess water hazard is difficult to estimate.
The study of Mez&si et al. (2014) showed that changing factors influencing inland
excess water, such as groundwater and annual mean runoff decrease, increasing
winter precipitation and overall decrease of available water resources have con-
tradictory influences. Moreover, within that changing conditions in some drying
environment inland excess water can have an important role in the recharging of
subsurface water reservoirs.

Within different approaches to flood risk assessment (Tsakiris 2014), there are
also different methods to assess inland excess water occurrences (Van Leeuwen
et al. 2013). In order to assess the risk from inland water excess, we apply the
SEERISK common methodology for risk assessment and mapping (Papathoma-
Kohle et al. 2013) of the municipality of KanjiZa, located in northern Serbia. The
methodology was developed within the SEERISK project for risk assessment,
risk awareness and development of suggestions on how to incorporate climatic
aspects into existing territorial and sector-specific planning regimes to enable
communities to make harmonized strategically elaborated actions. The municipal-
ity of Kanjiza is susceptible to this type of natural hazard due to its geographical
circumstances related to the river Tisza.

Flood events on Tisza River in territory of KanjiZza were recorded in 1940, 1944,
1947, 1965, 1970, 2000, 2006, 2009 and 2010. The frequency of the occurrence
of flood event has increased. By analysis of the previous flood events it can be
concluded that there are two different triggers causing flooding: sudden snowmelt
in upstream countries - mostly predominant in case of river flooding and heavy
precipitation on watershed or extreme rainfall with more rainfall in shorter time
interval - both for river and inland excess water events. Again simplifying the
complex process of rainfall and runoff on entire Tisza watershed to rainfall and
response in rise of the river water level the following conclusions can be drawn:
1. Water level for year 2010 was above the long-term average value.

2. Water level for year 2013 in February, March, April, May, June and mid-July
was above the long-term average value.

3. Forall other years (2009, 2011, 2012) the water level was near the average long-
term values.

4. Compared with the analysis for the yearly rainfall it can be stated that the main
cause of higher water level than the long-term average was heavy rain.

2. Site description
The municipality of Kanjiza is located in northern part of the Republic of Serbia

in Autonomous Province of Vojvodina and geographically extends from 45°55' to
46°10' N latitude and from 19°48' to 20°05' E longitude (Fig. 1). The municipality
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consists of 13 settlements. Kanjiza is the largest settlement and centre of munici-
pality followed by Horgos, Martonos, Male Pijace, Mali Pesak, Orom, Doline, Novo
Selo, Totovo Selo, Velebit, Adorjan, Zimonji¢ and Tres$njevac. According to the last
census from year 2011, entire municipality has a population of 27,510 people out
of which around 10,000 are living in KanjiZa settlement. The municipality has an
administrative border on north with Hungary, on west with Subotica municipality
and on south with Senta municipality. In the east, the transboundary river Tisza
makes a natural border with the neighbouring municipality Novi KneZevac.

Overall the municipality covers an area of 399 km®. Average elevation of mu-
nicipality is 87 m a.s.l. In geomorphologic aspect the entire territory consists of
four distinguished areas: Tisza alluvium, loess sands, Subotica sands and Backa
loess plateau. The last one Backa loess plateau covers approximately 45% of entire
territory of municipality. Out of 399,000 ha, approximately 75% or cca 300,000 ha
is agricultural land. Only 150 ha of agricultural land is under some type of irriga-
tion systems (Markovié et al. 2016). Pedology of the territory is mosaic. It varies
from chernozem soil type, salty soil and sandy soils to wetlands near water bodies.

According to Pavi¢ et al. (2013), Tisza River Valley as one of the predominant
landscapes in Kanjiza relief is the most vulnerable to inland excess water. How-
ever, conditions for formation of inland excess water exist also in local depression
on higher geomorphologic units, such as loess terrace, loess plateau and sands,
which are all present in Kanjiza municipality. Tisza is the largest tributary by
cover area and third by discharge to the Danube River. It drains water from four
countries (Ukraine, Slovakia, Hungary and Serbia) and has total length of 966 km
out of which 164 km is on territory of Serbia. Due to alluvial landscape of Vojvo-
dina Province average longitudinal profile is around 5 m or 0.028%. This small,
water mirror fall is predominant factor influencing the decrease of average water
velocity causing the occurrence of river flood. Additional, contribution factor is
modification of natural flow and straightening of the river bed carried in mid of
18" century. With these measures taken the total flow of Tisza was shorted from
1,419 km to nowadays 966 km.

National level alerts and available data often do not reach the relevant local
authorities responsible for the intervention, and even more typically, the ones suf-
fering from the consequences. The perception of citizens and the local authorities
regarding the impacts of climate change varies by country and region, but it is gen-
erally inadequate (National Directorate General for Disaster Management 2013).
The Spatial plan of the Republic of Serbia (2010), The Spatial plan of municipality
of KanjiZa (2012) and the Operational plan of flood control, flooding from ground
water and ice, which is aligned with other official (structures) plans of the Republic
of Serbia (RSOG 2011), address the topic of risk management and assessment for
inland excess water, but don’t process it in particular. However, they emphasize
the priority of the development of natural disaster protection system.
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I Municipality of Kanjiza

Fig. 1 - The study area KanjiZa in the Vojvodina region (Serbia)
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3. Data and methodology

The methodology has been designed in accordance with the European Commis-
sion’s guidelines for risk assessment and mapping (EC 2010). The methodology
developed within the SEERISK project it has been adapted for five climate change
related hazard types: flood, drought, heat wave, wildfire and extreme winds. The
principal aim of the methodology is to provide a tool for local experts that can
assist them in the implementation of risk assessment and in the estimation of
potential changes of risks associated with specific scenarios, including climate
change related scenarios. The methodology provides a step-wise approach, re-
garding the risk assessment procedure, a methodology on the development of
risk matrices and scenarios and finally a theoretical approach to risk mapping
applicable to all hazard types, which have been in the focus of SEERISK project.
Risk assessment incorporates establishing the context and risk identification, risk
analysis and risk evaluation. Records of past events have to be investigated first,
in order to obtain information on the probability of occurrence and the intensity
of each event. Information regarding the impact of specific events has to be col-
lected and analysed. Impact analysis involves collection of information regarding
a specific element at risk and the risk metric. The identification of the elements at
risk in the study area and their characteristics that affect their vulnerability has to
be included. The impact rating is based on real past events and their consequences
or expert judgment (National directorate general for disaster management 2014).
It incorporates the development of a hazard and an impact map that willlead to a
quantitative or a qualitative risk map according to the available data (Papathoma-
Kohle et al. 2013).
The risk assessment process incorporates following steps:
1. The development of a hazard map
2. The development of an impact map
3. The development of a risk matrix by implementing the following actions based
on information on past events:
- Indicating the likelihood or probability of occurrence of inland excess water
events
- Indicating the impact inland excess water on cover type
- Setting the inland excess water risk levels (very low, low, medium, high, very
high)
4. Overlay of the above maps and development of a risk map showing the different
risk levels as they have been rated in the risk matrix.

In the risk assessment, inland excess water frequency is defined as a hazard. The
study area is divided into cells 100 m x 100 m where number of recorded occur-
rences of inland excess water represents the hazard level. By applying the GIS tools
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Fig. 2 - Satellite images for the selected period
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it was possible to extract areas only covered with inland excess water. The flooding
frequency values were reclassified from very low (0) to very high (4) hazard levels
according to the number of repeating of inland excess water occurrence in each
cell. The hazard map is derived from the analysis of the satellite images (Fig. 2) for
the selected period (March 2011, August 2012, April 2013 and June 2013).

In this study, impact refers to the land cover type represented by vulnerability
level, i.e. to the potential damage loss due to the inland excess water. The vul-
nerability of land cover was reclassified from Insignificant (0) to Very high (5)
impact level according to the potential damage loss due to the inland excess water.
In the projection condition, the inland excess water covers mostly plantations
and agriculture land. Agricultural land is situated in low lying regions where the
soil is most fertile and in terms of crops growing, where it can take advantage
of normal flooding, bringing nutrients that increase soil fertility. This, however,
leaves prime agricultural land susceptible to inland excess water flooding, leaving
crops vulnerable to destruction. All infrastructures from civil protection point of
view are excluded due to focusing only to the agricultural purposes, because these
types of floods are not life dangerous and usually they don’t affect settlement built
on higher grounds.

Both hazard and impact maps were join to the same feature class using the GIS
tools. In this order each impact category was assigned to related hazard category.
The number of classes depends on the number of either impact or hazard catego-
ries. In order to generate risk categories for each mapping unit, these hazards
and impact numbers need to be combined in a mathematical way. One option is
to use simple multiplication; another one is to derive the results with place-value
addition (the first digit stands for the hazard category and the second digit cor-
responds to the impact category).

The risk map was generated by place-value addition from the hazard and im-
pact maps using the Raster Calculator tool, based on the equation (risk value) =
10 x (hazard level) + (impact level). The calculated risk values were reclassified to
risk levels according to the colouring of the risk matrix and resulted in the risk
maps. The output is a qualitative risk map.

The geographical location and relief are predominant factors in definition of
climate of the KanjiZa territory. All necessary data series are taken from Republic
Hydrometeorological Service of Serbia (RHMSS), meteorological yearbooks for
the meteorological stations in or in near KanjiZa municipality (Pali¢, Zrenjanin,
Kikinda) and local meteorological stations (Adorjan, Martono$, Horgo$ and Male
Pijace). In order to get the full understanding of the hydrological processes data
about the rainfall amounts for the selected periods were collected and analysed.
Average rainfall for March 2011 was above the long-term average rainfall for pe-
riod 1953-2010 for March. The interval was between 15% and 49% above the long-
term average values. The period can be characterised as moderate to extremely
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wet. Average rainfall for August 2012 was extremely below the long term average
rainfall for period 1953-2010 for August. The interval was between 82% and 88%
below the long-term average values. The time period can be characterised as
extremely dry. Average rainfall for April 2013 was slightly below the long term
average rainfall for period 1953-2010 for April. The interval was between O to 9%
below the long-term average values. The period can be characterised as average.
Average rainfall for June 2013 was below the long-term average rainfall for period
1953-2010 for June. The interval was between 12% and 62% below the long-term
average values. The time period can be characterised as moderate to extremely dry.

4. Results
4.1. Analysis of the groundwater levels and inland excess water for selected time period

For selected time period 2009-2013, data for the groundwater level on five RHMSS
piezometer stations were analysed. The data set was extracted from the Hydrologi-
cal yearbook 2009, 2010, 2011, 2012 and 2013 for the piezometer stations in profile:
KanjiZa TKA-1D (24.79 m depth, 0.6 km from Tisza), KanjiZa TKA-2D (26.08 m
depth, 3.26 km from Tisza), KanjiZa TKA-3 (9.29 m depth, 0.58 km from Tisza),
Kanjiza TKA-4 (9.13 m depth, 0.94 km from Tisza) and Kanjiza TKA-5 (9.08 m
depth, 1.54 km from Tisza; RHMSS 2013). The long term average of the groundwa-
ter level for these five stations were calculated as well from the RHMMS yearbooks
from 1995 to 2008.

By simplifying the outcomes from the above figures and using the plain rain-
fall - infiltration process as direct impact of the rainfall to the rise of the ground-
water level. For 2009 and 2012 groundwater levels were bellow long term average
values. On the other hand, for year 2011, 2011 up until august and 2013 from April
the groundwater levels were above the long term average values from 1995-2008.

4.2. Hazard map

Accordingly in order to provide the GIS interpretation of one specific risk type -
inland excess water on Kanjiza municipality, hazard and values were defined,
categorised and calculated separately. For the proper agricultural planning and
management of inland excess water it is crucial to have detail information about
flood extension. Accordingly, in this study the propagation of inland excess water
was analysed using the distribution of four days floods in both space and time. This
map indicates the number of cells where the higher the number of recorded inland
excess water occurrences in a cell, the greater the flood risk. The multi polygons
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Table 1 - Hazard categories and levels for inland excess water

Frequency of flooding Affected territory (%) Hazard category Hazard level
four times 0.07 4 Very High
three times 0.53 3 High

two times 3.86 2 Medium
one time 9.26 1 Low

no floodings 86.28 0 Very Low

for the selected time period were merged together for which hazard categories
were assigned as well as corresponding hazard levels (Table 1).

Hazard inland excess water map for the Kanjiza municipality showing different
hazard levels and the location of these levels are represented in the Figure 3.

Hydrologic models play a major role in assessing and forecasting flood risk. This
kind of models can help stakeholders to develop contingency plans in advance
to help facilitate a more effective response. According to this hazard frequency,
from total of 81.098 cells, all four occurrences were recorded in 60 cells (0.07%
of territory). Closer look on Figure 4. depicts that the worst condition of inland
excess water (which are under colour black) are scattered across the area and
could not cause heavy damages in greater extent. On the other hand, three occur-
rences of inland excess water were recorded in 427 cells (0.53% of territory), two
occurrences in 3.133 cells (3.86% of territory), one occurrence in 7.513 cells (9.26%
of territory) and there were no occurrences in 69.965 cells (86.28% of territory).
What'’s more, areas under other hazard levels are closer to each other, so it is
possible to extract the most vulnerable areas as: eastern, north-eastern and north-
western parts of the municipality. Figure 4 can serve as a basis for detailed analysis
providing quantitative statements about the extent, intensity and consequences
of relevant hazard.

4.3. Impact map

Knowledge of spatial distribution of land cover is an asset to decision makers
and stakeholders to efficiently provide support to affected areas. Impact map was
created by differentiation of the land cover types in the Kanjiza municipality. First
division was made between the urban areas (settlements), other areas (e.g. roads)
and agricultural areas. Among the agricultural areas further distension was made
among:

1. Area with predominantly vegetable productions.

2. Area with predominantly orchard.

3. Area with predominantly different crop types.
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Fig. 3 - Hazard map of inland excess water in Kanjiza municipality

Hazard level

- Very high (4 occurences)
- High (3 occurences)
- Medium (2 occurences)
- Low (1 occurence)

Very low (No occurences)
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4. Area with predominantly vineyard.

5. Area with predominantly grassland.

6. Area with predominantly forest.

7. Area with predominantly water and wetland.

Taking in account land cover (Papathoma-Kéhle et al. 2013) and vulnerability level
to the potential damage loss due to the inland excess water impact categorisation
and impact levels were made (Table 2).

Impact map for the Kanjiza municipality showing different impact levels and
the location of these levels are represented in the Figure 4.

Satellite images combined with localizes expertise from agricultural producers
enabled diversification of cover types in selected territory. Predominant cover-
age of seasonal crops can be further decomposed to certain crop types, however
smaller crop granulation would not have different impact than grouped giving in
consideration two parameters. One pointing to the fact that main economical in-
come in municipality of KanjiZa coming from agriculture is from crop types (corn,
wheat, sugar beet, etc.) and second related to the coverage of crops in municipal
arable land we denoted highest impact level to this cover type.

In order to evaluate the impact of flooding on agriculture land, the submerged
area was classified into six classes. The impact map clearly shows locations of
the vulnerable locations. As Figure 4 shows that crops as very high impact level
covers most of the municipality area (76.75%). From this map it can be seen that
crops encompass all parts except central and north-western parts. The high impact
level - vegetable fields cover 0.43% of the territory. Orchards and vineyards as
medium impact level covers 3.63%. Grasslands as low impact level covers 11.43%,
while forest as very low impact level cover 2.43% of the territory. Water bodies
and wetlands occupy 5.33% and are not considered as element at risk.

Table 2 - Impact categories and levels for agricultural areas

Cover type Affected territory (%) Impact category Impact level

Crop 76.75 5 Very High

Vegetable 0.43 4 High

Orchard and vineyard 3.63 3 Medium

Grassland 11.43 2 Low

Forest 2.43 1 Very Low

Water, Wetlands 5.33 0 Not considered to be at risk
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Table 3 - Risk matrix for inland excess water for Kanjiza municipality

Impact level ~ Very high 05

High 04

Medium 03

Low 02 22

Very low 01 11 21 31 41
Hazard level Very low Low Medium High Very high

4.4. Risk matrix and risk map

The risk values can be than classified based on the colouring of the risk matrix
based upon expert judgement. Each two-digit risk value is ranked from “very
low” to “very high”, although these colours represent risk categories in numbers
again (Table 3).

The risk map was generated from the risk matrix according to the risk level
distribution (Fig. 5). The calculated risk values were reclassified to risk levels
according to the above-mentioned scheme.

As Figure 5 shows the occurrence of very high risk level is presented with 2.79%
of total vulnerable area. This risk level category is prone to risk due to direct
and indirect exposure to excess water not only during the hazardous event but
after one as well. Although this study is focused on agriculture, excess water can
contaminate water supply wells, lead to structural damages to housing and infra-
structure due to soil erosion effect, etc.

High risk level occupy 6.85%, medium risk level 0.43%, while the most of the
vulnerable areas are marked as low risk level which encompasses 84.60%. Ex-
cluded area such as water bodies and wetlands encompass 5.33% of total territory.
In past, this area was naturally covered with water in permanent or frequency
occurrence, thus the lowest risk level category.

5. Discussion

The objective of this study was to investigate impact and hazard of inland excess
water in Kanjiza municipality and to assess and map the associated risk. According
to results high risk areas correspond with areas characterized by high hazard and
high impact. For areas affected by inland excess water like Kanjiza municipality,
risk assessment is very essential for design of mitigation measures. When hazard
occurs the identification of potential points can help to moderate negative eco-
nomic impact. The assessment of risk is one of the main aspects of inland excess
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water mitigation and given maps as well as study in general can strengthen the
operational responses of the authorities.

Presented methodology could be applied to other municipalities that also belong
to ground water flooded areas (Tisza and Danube areas). This way unique set of
criteria’s can be applied to wider area enabling regional prioritization of activities
needed to be taken in order to mitigate the inland excess water in predominantely
agricultural region.

The major advantages of the methodology presented here were that it integrated
existing data using a simple defensible methodology to indicate areas at different
level of risks. The approach could lead a number of initiatives for making full-use
of the functional capabilities of GIS. The use of GIS enables the updating of the
database helping in this way the decision makers to consider future changes not
only concerning the water regime but also the spatial pattern of the elements at
risk. Furthermore, field researches could identify places they seek to investigate
with greater spatial precision. Finally, presentation of risks on visually appealing
and easily understandable manner enable by GIS alters the risk perception of
decision makers and the public awareness supporting in this way effective risk
management.

However many limitations and shortcomings are associated with the application
of the specific methodology. Firstly, concerning the impact assessment, due to
almost annually changes in land cover (planting different crops) the yearly up-
date impact inputs every year is considered essential although it would increase
the mapping costs. Moreover, the the determination of hazard scenarios is very
limited. It could not be considered (because of availabilty of data) that the most
relevant scenarios are included in the analysis. Thirdly, the constraints for GIS
applications in developing counties must be overcome to reap maximum benefits of
these promising technologies (Jha, Chowdary 2007). There are very limited efforts
to develop a GIS systems. Due to lack of data many assumptions have to be made
increasing in this way the level of uncertainty in the study. As mention above, the
main limitation of the methodology is the lack of reliable good quality data. Even
though the results may be uncertain, such risk assessment may be very useful.

This preliminary study could be a starting point for future investigation of in-
land excess water in Kanjiza municipality. The study could be beneficial to a num-
ber of stakeholders - particularly agricultural organizations, planning authorities,
risk insurers and others to improve their understanding on inland excess water
impacts. Finally, it can be concluded that presented SEERISK methodology has
great potential to revolutionize inland excess water risk assessment and manage-
ment in the future by providing unique insight and new data to supplement the
conventional field research.
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6. Conclusion

The present paper succinctly highlights GIS technologies and presents a state-
of-the-art methodology on the application of this emerging technique in inland
excess water risk assessment and management. The use of GIS has proven useful-
ness, potentiality and capability to assess and monitor the flood event as well as
inland excess water event. The research presented here illustrates the application
of the SEERISK Common risk assessment methodology on inland excess water
hazards in Municipality of KanjiZa (Serbia). The risk map developed can be used to
give a quick estimate whether there is a high, medium, low or very low risk in the
affected area. The investigation of map results may lead to an easier update of local
action and development plans and legislation by taking into account the inland
excess water hazard. Thus, this study confirms that this kind of methodology is
of value for inland excess water investigations and analysis.

Such advancements will certainly enable us to develop and manage precious in-
land excess water risk assessment in a real sustainable and environment-friendly
way across the Serbia, and other areas which face similar natural hazard.
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