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Abstract
User-generated content (UGC) is a powerful tool used to attract tourists to a destination and to market certain tourism
products and services. Reviews of hotels and other tourism accommodation rentals are increasingly used by travelers
to select their accommodation, thus, facilitating independent travel planning. This study is attempting to understand
and compare the factors that contribute to customer satisfaction for hotel and Airbnb apartment guests in Cluj-Napoca,
Romania. We employed reviews published by users on booking.com (for hotel customers) and on the Airbnb platform
between May and November 2018 and quantitatively and qualitatively analyzed them using QDA Miner and Wordstat
to understand the main attributes associated with guest satisfaction. The study revealed that the two lists of attributes
that determine guest satisfaction are, to a great extent, similar. This means that guests have the same criteria in mind
when evaluating their hotel and Airbnb stay. However, two attributes were found to be important only to Airbnb guests
(“good communication” and “easy check-in/out”) and three to hotel guests (“good breakfast”, “nice view” and
“parking”). The findings have a number of theoretical and managerial implications which are discussed at the end of
the paper.
Keywords: attributes of guest satisfaction, Airbnb, user-generated content (UGC), electronic-word-of-mouth
(eWOM), text analytics

INTRODUCTION
Over the last few years, we have witnessed the
explosive growth of an alternative economic model,
known as the “sharing economy” or “collaborative
consumption” [7]. This economic model is based on
the use of internet platforms that allow individuals
to lend, borrow, gift, swap or rent consumer
products and services [34].
Airbnb is one of the most successful examples of
companies involved in the “sharing economy” [44],
[48]. Founded in 2008 in San Francisco, USA, by
2018, the platform was already operational in 191
countries and featured just under five million
listings [2]. By the same year, the platform already
registered over 300 million bookings [2]. However,
given the tremendous growth rate and potential,
some analysts predicted that by 2025, Airbnb could
reach a billion “room nights” per year booked
through its platform [53].
Initially, due its different economic model and
small size, Airbnb was not perceived as a

competitor by the major hospitality corporations.
However, it has become more and more clear that
Airbnb does not follow the “sharing economy”
model entirely [19]. Many accommodation units on
Airbnb are entire apartments or houses in which the
owner does not live and which were purchased not
to be shared with others but to make money [11].
Some owners even have multiple listings on
Airbnb.
These
commercially-oriented
accommodation units make up 65% of Airbnb’s
revenue in its top 12 markets [32]. In lesser
developed Airbnb markets the domination of forprofit listings is even more visible. In Warsaw, for
example, Gyódi [11] found that only 11% of the
Airbnb listings were part of the sharing economy.
Thus, it has become quite obvious that Airbnb has
started to compete with traditional hospitality
businesses [17]. Moreover, the number of listings
on Airbnb has increased very fast and today is
comparable to the capacity of hotels [1], [2].
7
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However, there are cities where Airbnb has a
greater accommodation capacity than hotels,
especially in Southern Europe [1].
As this rapid growth of the Airbnb network could
threaten the profitability of the traditional
accommodation providers, hoteliers need to quickly
figure out a way to counter the expansion of home
rental platforms at their expense. In order to do that,
they need to know what makes hotel guests satisfied
and why some customers have migrated to Airbnb
or other home rental platforms. However, managers
do not always understand what guests perceive as
important in the selection and evaluation of
accommodation [28], so that it is better to ask the
customers.
Customer satisfaction is a very important issue
because it could lead to repeat patronage and
positive word-of-mouth [47]; thus, this study could

assist accommodation providers in attracting more
customers and increase their sales and profits [38].
This study is attempting to understand and compare
the main attributes that contribute to customer
satisfaction for hotel and Airbnb apartment guests
in Cluj-Napoca, Romania. Cluj-Napoca is a
midsized city of some 350,000 inhabitants situated
in the heart of Transylvania, about 500 km north of
Bucharest, the capital of Romania.
A number of previous studies have used online
reviews to measure customer satisfaction (see, for
example, [13], [14], [15]); however, so far, only a
few researchers have used text analytics to process
and interpret this type of data (see, among others,
[51], [55]). This study will also test the use of a text
analytics software in the processing of satisfaction
attributes.

LITERATURE REVIEW
Relationship between Airbnb and hotels
An important question found in the literature is how
has the rise of home-sharing platforms, such as
Airbnb, impacted hotels. Scholars are split on this
issue. Some studies argue that Airbnb
accommodations do not have a negative impact on
hotels or have only a minor effect. For example,
Haywood et al. [21], in a study in Manhattan
(USA), found no evidence that Airbnb listings have
a major negative impact on hotel revenue.
Moreover, a study conducted in Norway found that,
in those regions in which Airbnb is doing well,
hotels are also doing well while in those regions
which have few Airbnb listings hotels are also
suffering. Thus, the authors concluded that Airbnb
must have a positive effect on the hotel market in
Norway [46]. One explanation could be that hotels
and Airbnb accommodations are not in direct
competition – and may even be complementary – so
that the growth of the Airbnb network did not
disrupt the business of the hotels [22], [52].
Other studies, however, claim that the expansion of
Airbnb listings has negatively affected hotels’
revenues. For example, Mahmood [29] has
calculated that hotels in New York City lose
approximately US$450 million in direct revenues
per year. Another study has shown that losses to the
lodging industry and to the local economy of New
York City could actually amount to US$2.1 billion
with another US$226 million lost annually in tax
revenues for local, state and federal governments
[23]. Moreover, due to the labor-intensive nature of
hospitality businesses, hoteliers in New York City
were forced to shed 2800 jobs in 2014 alone [23].
Guttentag and Smith [17] investigated the impact of
Airbnb network growth on hotels by surveying 800
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tourists who had used Airbnb accommodations on
whether they used these accommodations as
substitute for hotels or not and why did they prefer
Airbnb over hotels. They found that, indeed, twothirds of the surveyed tourists had used Airbnb as
substitute for a hotel. Another study, conducted by
a Morgan Stanley research group concluded that
roughly 42% of Airbnb users are substituting for
hotels [36]. These findings confirm that the growth
of the Airbnb network may indeed threaten the
profitability and, ultimately, the very existence of
hotels.
Yet other studies have found that, while Airbnb
listings may impact hotels, their effect is more
complex and more nuanced than previously thought
[6], [56]. According to this segment of the
literature, Airbnb’s impact will differ based on the
characteristics of the hotel. For example, Zervas et
al. [61] found that Airbnb’s network of listings has
a greater impact on lower-end hotels, independent
hotels and hotels that did not cater to business
travelers. Hajibaba and Dolnicar [20] confirmed
that most affected by growth of the Airbnb network
will be lower-end hotels while a newer study by
Guttentag & Smith [17] found that Airbnb
substituted mixed-scale hotels to a larger degree.
Other studies have shown that the impact of Airbnb
listings on hotel revenues is more visible in the big
cities and in areas where Airbnb listings have
positive reviews [6],[25]. It affects mainly the
leisure tourism segment and is mainly in the form
of denying hotels the opportunity to increase price
premium during peak periods [25].
Varma et al., [52] found that customers for hotel
and Airbnb accommodations are quite different. In
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general business travelers prefer hotels and only
turn to these platforms when hotel rooms are filled
due to big trading shows taking place in the city
while Airbnb serves for leisure and rarely for
business travel [60]. Recognizing that hotels may
offer business travelers amenities and services that
most Airbnb accommodations do not, the platform
has launched its Business Travel Ready initiative
that is created to point out those listings that provide
certain amenities that would make them suitable to
business travelers [32].
Attributes that determine satisfaction
Studies on guest satisfaction started in the early
1970s. Satisfaction is a concept that measures to
what extent tourists’ expectations are fulfilled by
their experience with a particular tourism product

Study
[24]
[10]
[8]
[31]
[12]

[40]

or service [41]. The most popular theory that
explains satisfaction of tourists is the
disconfirmation theory [37]. This theory postulates
that customers are considered satisfied when the
product or service meets or exceeds their
expectation and could be considered dissatisfied
when they experience a feeling of displeasure when
they relate their actual experience to their
expectation [9].
The products and services of accommodation
providers that determine guest satisfaction are often
represented as a set of attributes [42]. Following an
extensive literature review of previous research we
compiled a list of the most important attributes that
determine guest satisfaction (for both hotels and
Airbnb accommodations) which we present in a
synthesized form in the table below (table 1).

Table 1. Main attributes that determine guest satisfaction (hotels and Airbnb accommodations)
Hotel
Airbnb
Attributes
Study
Attributes
housekeeping, reception, food and beverage and
[16]
price, household amenities and authenticity
price
room, front desk and security, while food and
[36]
price, authentic experience, location, own
recreation are less important
kitchen and uniqueness of unit
convenient location & good service
[57]
economic benefit, enjoyment and
sustainability
location
[45]
social interaction with the host, attitude of
the host and location
location, service quality, reputation, friendliness
[49]
enjoyment, cost-savings and accommodation
of staff, price, room cleanliness and value for
amenities
money
the quality of tourist-staff interactions
[18]
service, facility, location, feel welcome and
comfort of a home

Examining table 1, it quickly becomes obvious that
the main attributes considered by guests for
accommodation selection are very heterogeneous, a
problem that was also pointed out by Dolnicar &
Otter [12]. This makes any attempt to compare in
this format the main attributes of satisfaction as
identified by guests of hotels and Airbnb
accommodations very difficult.
More recently, a number of studies have attempted
to compare the main accommodation attributes that
generate satisfaction for Airbnb and hotel
customers [4], [5], [17], [32], [33], [50], [51]. The
results of these studies show that some attributes are
common for both forms of accommodation, such as
clean rooms and comfortable beds [51]. However,
reviews
for
both
hotels
and
Airbnb
accommodations also focus on certain specific
themes, which is what differentiates the two forms
of accommodation, pointing out to their strengths
and weaknesses.
Tussyadiah & Zach [50] found that customers
prefer hotels because of the conveniences (for
example, airport shuttle services for guests, free

parking, good breakfast options and in-room
services) which cannot be found at Airbnb
accommodations. The latter, however, could
compensate by the hospitality of the host and by
offering an accommodation with an atmosphere and
with better and more suitable or more personalized
facilities. Airbnb accommodations are also
attractive because of their better situated locations.
Mody [32] found that hotels are preferred by
travelers who do not want to have surprises in terms
of quality. They also prefer not to have to worry
about security or hygiene, thus tend to choose hotels
where these attributes are standardized. Airbnb
guests, on the other hand, seek more diversity and
local experiences; they want to experience the local
community and desire to develop personal
connections with the host and with people in the
community. They perceive their Airbnb place as a
home away from home.
Similar results were also found by Tussyadiah &
Zach [51] and Belarmino et al., [4]. According to
them, Airbnb customers value the most the social
interaction with the host and the characteristics of
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the neighborhood. In terms of the most appreciated
hotel attributes the findings of the two studies are
divergent. Tussyadiah & Zach [51] found that
guests tend to choose hotels over Airbnb
accommodations
for
the
quality
and
professionalism of the staff whereas in Belarmino
et al.’s [4] study room amenities seemed to be more
important.
Analysis of online reviews
Word-of-mouth (WOM) plays an important role in
tourism marketing [27], especially because of the
intangible nature of the industry [30], [54]. A
tourism product cannot be returned in case of
customer dissatisfaction the same way as a pair of
shoes can; therefore travelers need to know in
advance whether or not this product corresponds to
their needs and expectations.
With the arrival of electronic platforms, consumer
online reviews took on the role of WOM. Electronic
word-of-mouth (eWOM), especially in the form of
user-generated content (UGC), is more powerful
than classical WOM [43] because it can reach more
people, it is easy to understand [62] and it does not
DATA AND METHODOLOGY
For this study we compiled reviews published in
English between May and November 2018 by users
on booking.com and Airbnb. We included in our
analysis a number of 1000 reviews, of which 500
were posted by hotel guests and 500 by Airbnb
customers. We searched for hotel rooms/Airbnb
listings available between 11 and 13 April 2019 for
two guests. There were 904 accommodation
possibilities for Cluj-Napoca listed on booking.com
at the time of our search, with only 76 of them being
hotels. Of these, we focused only on 3-5-star hotels
with mean ratings over 7.0. Airbnb lists more than
300 accommodation units for Cluj-Napoca (the
exact number varies depending on the day of the
year and on the number of guests). We focused only
on entire apartments/houses and only on those units
that boasted five-star ratings.
In the first phase, we randomly selected one hotel
or one Airbnb accommodation unit at a time and
extracted all positive reviews in English posted
between May and November 2018. We chose to
analyze only positive reviews because previous
studies established that positive reviews have a
much stronger (positive) impact on consumers’
decisions than negative reviews [54]. We, also,
excluded those reviews that were too short and/or
not relevant. After extracting all reviews that fit our
criteria we moved on to the next hotel/Airbnb
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fade away with time [58]. Therefore, UGC is a
powerful tool used to attract tourists to a destination
and to market certain tourism products and services.
The importance of UGC in the form of online
reviews has increased over the last few years with
the development of Web 2.0 platforms which
encourage users to take a more active role in sharing
their opinions and experiences with their peers [35].
Although a few studies have called the credibility
of hospitality-related online reviews into question,
these reviews have been proven to be more reliable
and more trustworthy than any similar material
posted by providers of hospitality products and
services [3].
Reviews of hotels and other tourism
accommodation rentals are increasingly used by
travelers to select their accommodation, thus,
facilitating independent travel planning. Many
independent travelers are planning their trips and
are booking their accommodations based on advice
shared on electronic media by fellow travelers [26].
Good ratings of accommodation places could boost
online reservations [59] and hep increase prices
[39].

listing until we reached 1000 reviews. In the end,
we included in our study 13 hotels (on average, 38.5
reviews for each hotel) and 38 Airbnb listings (13
reviews/listing).
Each review was initially recorded in an excel
document and later exported to QDA Miner and
coded as case. QDA Miner is a software package
used for coding, annotating, retrieving and
analyzing qualitative data in textual and
photographic forms. The 1000 cases that were
analyzed for this study included 2737 sentences and
30,153 words.
Next we extracted a number of codes that best
describe the experience of travelers in their chosen
accommodation. We coded each case manually
because often words are misspelled or shortened
and are, therefore, not picked up by the software.
There may also be situations in which the software
cannot understand the real meaning of the
sentences. We started the process of coding from
the list of the most frequent words. In the process
we merged words with similar meanings. In the
end, a total of 25 codes resulted, including
apartment and hotel room. In the last part, we used
the codes co-occurencies tool available in QDA
Miner to better understand and visualize the
relationships among these codes.
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ANALYSIS
The most frequent words, with a frequency of 50 or
more in the 1000 cases analyzed for this study are
presented in table 2. We can see that the most
frequent words are “location” (which appears 350
times in 342 different cases), “apartment” (334
times in 245 cases), “clean” (334 times in 331
different cases), “center” (245 times in 235 cases)
Word
location
apartment
clean
center
room
staff
breakfast
near
comfortable
host
stylish
hotel
walk
friendly
parking
helpful
cozy
quiet
check
spacious
old
bed
beautiful
restaurants
view
easy
big
Total over 50

and “room” (206 times across 174 cases). Other
words that appear frequently are: “staff” (182 times
in 176 cases), “breakfast” (175 times in 167 cases)
and “near” (163 times in 154 cases). A word cloud
was also computed for a better visualization of the
most frequent words used by the guests in their
reviews (figure 1).

Table 2. The most frequently used words in hotel and Airbnb guest reviews
Frequency
% Shown
No. of cases
% cases
350
9.17
342
34.20
334
8.75
245
24.50
334
8.75
331
33.10
245
6.42
235
23.50
206
5.40
174
17.40
182
4.77
176
17.60
175
4.59
167
16.70
163
4.27
154
15.40
159
4.17
150
15.00
156
4.09
152
15.20
149
3.91
139
13.90
144
3.77
122
12.20
121
3.17
111
11.10
119
3.12
116
11.60
118
3.09
100
10.00
114
2.99
112
11.20
95
2.45
95
9.50
80
2.10
79
7.90
77
2.02
58
5.80
70
1.83
69
6.90
66
1.73
64
6.40
65
1.70
62
6.20
64
1.68
62
6.20
63
1.65
58
5.80
59
1.55
55
5.50
57
1.49
55
5.50
50
1.31
43
4.30
3815
100.00
1000

In the next step, we used the codes co-occurencies
tool available in QDA Miner to determine the
potential relationships among the codes. First a cooccurencies index was computed, followed by the
application of a hierarchical cluster analysis and
multi-dimensional scaling on all codes. The results
are displayed in the form of dendograms, concept
maps and proximity plots.
For example, figure 2 is a 2D concept map based on
proximity values calculated on all codes. Each
circle represents a code and the size of the circle is
proportional with the frequency of the code. The
distance between pairs of circles indicates how
likely these codes tend to appear together.

Figure 2 shows that “apartment” tends to cooccur in a case with “nice design” and “good
location” followed by “good communication”

and “amenities”. On the other hand, “hotel
room” tends to be associated with “good
breakfast”, and – less frequently – with
“spacious” and “parking”. “Helpful host/staff”,
“clean” and “cozy” are situated about half
distance between “apartment” and “hotel
room” meaning that they are equally important
for both forms of accommodation.
Another feature that allows us to explore
relationships among codes and detect
underlying patterns and structures of cooccurencies is the link analysis tool using a
network graph (figures 3 and 4). The thickness
of lines connecting the nodes and the numbers
next to them show the strength of each
relationship.
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Figure 1. Word cloud with the most frequent words used in hotel and Airbnb guest reviews

Figure 3 shows the strength of relationships
between “hotel room” and a number of descriptive
codes. It reveals that the codes with the strongest

association with hotel room are (in this order):
“good breakfast” and “helpful staff”, followed by
“good location”, “clean” and “spacious”.

Figure 2. 2D concept map showing how likely codes tend to appear together

Figure 3 shows the strength of relationships
between “hotel room” and a number of descriptive
codes. It reveals that the codes with the strongest
association with hotel room are (in this order):
“good breakfast” and “helpful staff”, followed by
“good location”, “clean” and “spacious”.
Om the other hand, Airbnb apartments have the
strongest association with “good location”, “nice
design” and “helpful host”, followed by “clean” and

12

“good communication” (figure 4).
Another tool to graphically display the distance
between codes is the proximity plot. Figure 5 shows
the distance of the 23 descriptive codes from the
two codes denoting types of accommodation (hotel
room and Airbnb apartment). All measured
distances are from the 0 point. At 0 point there is
absence of similarity or co-occurence.
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Figure 3. Link analysis to hotel room

Figure 4. Link analysis to Airbnb apartment

Figure 5. Proximity plot for hotel room/Airbnb apartment

13
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The proximity plot shows that, while “good
location”, “cleanliness”, “helpful staff/host”, “nice
design”, “cozy”, “spacious” are important attributes
for both types of accommodation, “good breakfast”
was mentioned only by travelers staying in hotels
(as the Airbnb rental apartments did not provide
breakfast). “Good communication” and “easy
check-in/out” were considered important by
DISCUSSION AND CONCLUSIONS
In this study, we used text analytics to examine and
compare online reviews posted by users on
booking.com and on Airbnb’s platform. We found
that the two lists of attributes that determine guest
satisfaction are, to a great extent, similar. This
means that guests have the same criteria in mind
when evaluating their hotel and Airbnb stay, a
conclusion that is consistent with the findings of
Tussyadiah & Zach [51] and can be explained by
the fact that we considered for our analysis only
those Airbnb listings that consisted of entire
apartments/homes (the great majority of Airbnb
accommodations in Cluj-Napoca) and excluded
shared apartments or shared rooms. The owners do
not live with the guests in the rental apartments and
very often physical contact between hosts and
guests is kept to the minimum. In fact, many
reviewers of Airbnb accommodations mentioned
never meeting the host in person despite having
great (electronic) communication with the person.
Thus, while good communication with the host was
considered somewhat important for guest
satisfaction, interacting or socializing (or the lack
of) with the host was not an issue for most of the
guests. Hosts are expected mainly to be helpful, to
offer good advice and tips on what to find where or
on where to go to live like a local. However, this
attribute is not exclusive to Airbnb guests’ list as
hotel staff is also expected to be helpful.
Other important attributes that seem to be on top of
both lists are “location”, “clean”, “cozy” and “nice
design”. While important for both types of guests,
“location” has the strongest association with Airbnb
apartments. Most guests considered that the ideal
location for an Airbnb accommodation was close
(within walking distance) to the city center, to the
main tourist attractions and to restaurants and
shops. For hotel guests, a good location generally
meant either within walking distance from the city
center, or a strategic position close to the airport,
railroad station or highway. Also, while “nice
design” seems to be important to both Airbnb and
hotel guests, it displays a stronger association with
Airbnb apartments, perhaps because hotel rooms
are generally more standardized in terms of their
interior design. Similarly, “clean” shows a
somewhat stronger association with the Airbnb
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travelers staying in Airbnb apartments while “nice
view” and “parking” were mentioned mainly by
hotel guests. Although both overall less important
descriptors, “value for the money” was mentioned
more often by hotel guests, while “like in the
pictures” is more associated with reviews of Airbnb
apartments.

accommodation because the potential for (good or
bad) surprises is greater there.
The most important, however, are those attributes
that differentiate hotel guests from Airbnb guests.
For Airbnb guests, these attributes are “good
communication” and “easy check-in/out”. In the
case of hotels, these are pretty much taken for
granted. Most hotels have reliable reservation
systems and, if the booking is done through a
platform, such as “booking.com”, there is an added
element of trust and reliability. Also, most hotels
have staff on duty 24/7 so the check-in/check-out
process is generally straightforward, smooth and
without complications. In the case of Airbnb
apartments, however, good communication with
host and an easy check-in/out system are essential
to build trust and eliminate guests’ fears.
On the other hand, one attribute that is considered
important exclusively by hotel guests is “good
breakfast”. Indeed, many hotel reviewers have
indicated that they selected their hotel based on this
criterion. Those Airbnb listings that offer entire
apartments do not provide breakfast. Instead, they
may suggest places in the neighborhood where
guests could have their breakfast or/and provide a
full kitchen and all the necessary utensils for guests
to prepare their own meals.
Other two attributes that were valued almost
exclusively by hotel guests are “nice view” and
“parking”. Airbnb guests understand that most
apartments are located in residential neighborhoods
and do not come with a view or with a parking
place. The limited parking space is generally used
by the residents and parking for guests, if any, is
generally on the curb.
Our study has a number of theoretical and
managerial
implications.
Firstly,
it
has
demonstrated that text analytics and online reviews
could reliably be used to investigate and compare
guest satisfaction in hotels and Airbnb
accommodations. Secondly, the results of our study
could be used by hotel managers to strengthen their
position in the competition with the expanding
Airbnb network. For example, they must ensure that
they offer good breakfast and ample parking spaces
in order to keep their loyal guests happy.
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Abstract
An ample flood risk mapping campaign has been carried out at a national level, at the suggestion of the European Union.
Considering the fact that the project has been realized at a 1:25,000 scale and that 1,549 rivers were mapped, totalling to
approximately 33.478 km of water course length, ANAR shows that the presented maps are of general interest, with an
informative purpose that can help promote investing, (land) design, and more., etc. It is also noted that once every 6 years
or whenever it is needed, the hazard maps and floodplains must be remade. Therefore, the present study aims to create
new floodplains with the topographic numerical model of the current terrain, with a better resolution and a clearer
emphasis on morphological details. The vector layers (the river valley, the minor bed, the major bed, the cross-sectional
profiles and the land usage) required for flood simulations were created using the LIDAR topographic support (5 m pixel
resolution) and satellite imagery from 2012. The programs that were used to create the vector layers and to simulate the
flooding are: ArcGIS, Hec-Ras and Hec-Georas. The flooding simulation was realized for four occurrence probabilities:
1%, 2%, 5%, and 10%. To calculate the probabilities and to evaluate the hydrological regime of the Bistrita River, the
flows and the daily levels from two stations located on the analysed river sector (upstream - Broșteni, the middle of the
sector - Frumosu) were obtained from the Siret River Basin Administration, from the year 1968 until 2016. As a result
of the intersection of the floodplains obtained with the land usage data, the land use categories that may be affected by
floods were observed. The arable land, situated in the proximity of the minor river bed, in the slope sector favouring the
practice of agriculture, represents the most vulnerable area for all the probabilities of exceeding. The total number of
constructions that can be affected at a 1% probability is of 4.544, and at a 10% probability of 2.376. By comparing the
intersected surfaces of the flood bands obtained from the ABA Siret with the current flood bands, significant differences
can be observed regarding the number of affected constructions as well as regarding the other categories of use. For a
more accurate estimation of the risk degree and of the possible damages caused by flooding, it was necessary to study in
detail all the factors involved in the hydrological risk phenomenon. In order to best manage the emergencies arising
because of the hydro-geomorphological phenomena, it is necessary to map out the floodplains after any major
hydrological event that contributes to the changing of the current parameters.
Keywords: floods, major river bed, reservoir, land use, hidrogeomorphological risk

INTRODUCTION
Hydric risks in large river basins are some of the
most frequent threats associated with natural
hazards [1]. In the first place, for the optimal
management of these situations, it is required to
realize the detailed cartographic materials, which
will highlight the areas that are most vulnerable to
the risk phenomena [2, 3]. These thematic maps and
detailed plans facilitate the development of specific
strategies and measures that can lower the impact
of natural events [4, 5].The spacing of the territories
affected by the overflowing waters during floods is

highly important in the plans of regional and local
improvement of the territory. The risk of flooding
is a subject that is extremely well studied at both a
national and international level because the
material damage and loss of human life caused by
these events are very high [6-8]. Throughout the
study, we aim to discover the graphic representation
of the land use in relation to the slope of the land
and the floodplains with different probabilities
(0.1%, 1% 2%, 5%, 10%) [9, 10].
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STUDY AREA
The Bistrița River springs from the Rodnei
Mountains, at an altitude of 1850 meters, and it is
located in North-eastern Romania, in the Eastern
Carpathians. The area proposed for study is located
at roughly the middle of the distance between the
spring of the river and its spill into the Siret River,
between the town of Broșteni (47°14’39’’ N lat. 41°’53’’ E long.) and Poiana Teiului (47°6’42’’ N
lat. - 25°55’26’’ E long.), on the territory of the
Neamț and Suceava Counties [11].
Located on the north-eastern side of the country,
Bistrița is in a fully temperate area which is

dominated by a temperate continental climate with
weak oceanic influences. Thus, the relief of the
region has evolved within the fluvial modeling
system. The Carpathian landscape crossed by the
Bistrița River is made up of medium mountains.
The general character is given by the orientation of
the peaks in accordance with the great structural
lines on the NW – SE direction [12], [13]. The
landscape fragmentation is accentuated, being
constant at an altitude of approximately 700-900
meters (Fig. 1).

Figure 1. The localization of study area

METHODOLOGY
Throughout this study, we used the following
software: ArcGIS 10.2, SAGA Gis, Global Mapper
17, R2V, Microsoft Office 365, Photoshop 2017.
The database needed for the creation of the study
consists of the following raster and vector
cartographic materials: topographic plans (1:5000),
cadastral plans (OCPI Neamț), the digital elevation
model of the ground (realized based on the 1:5000
topographic plans), Digital Terrain Model (DTM)
obtained using LIDAR technology (with a 5 m
DTM resolution), Orthophoto map 2006, 2010 and
2012 in 1970 stereographic projection, floodplains
(0.1%, 1%, 5%, 10%) – ABA Siret [14-16]. The use
of land was done manually, the basis of work being
the 2012 ortophotoplans in stereographic projection
1970, with the necessary updates from the satellite
imagery provided by free software [17-18].
The vectorial layers required for the flood
simulation were created both by LIDAR (5m pixel
resolution) and by the ortophotoplan [19-21]. The
software used in constructing the vectorial layers
and in simulating the flooding are: ArcGIS, Hec-
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Ras, and Hec-Georas [22]. The vectorial layers
created for the flood simulation are: the Bistrita
river valley, which coincides with the drainage
canal, the banks of the minor bed, the major bed,
the land use, and the cross-section profiles at a
distance ranging from 10 to 80-100 meters,
depending on the sinuousness of the river sector
[23-24].
The topographic surface used as a basis for running
the flood simulation is represented by LIDAR,
which allowed the extraction of the altitude values
of the vectors as well as their positioning in the
horizontal plane [25-27]. The flood simulation was
performed for four probabilities of occurrence 1%,
2%, 5% and 10%. For the calculation of the
probabilities, but also for the evaluation of the
hydrological regime of the Bistrita River, the flows
and the daily water levels from two stations present
on the analysed river sector (upstream - Broşteni,
the middle of the sector - Frumosu), from 1968 to
2016, were obtained from the Siret River Basin
Administration [28].
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Considering that the data was recorded over a
period of 48 years, and to calculate the probability
of occurrence of the water phenomenon for 100
RESULTS AND DISCUSSIONS
Initially, the total and partial area of the land use
categories will be presented. Land use plays an
important role in estimating vulnerability and
hydrological risk, each affected category causing a
variety material damage. (Table 1). From the land
use table, a total area of 377.5 km2 is observed. The
forests have the highest frequency, occupying
approximately 65% of the total area. The grasslands
and meadows occupy a significant area, accounting
for 29.3% of the total surface. Being a mountainous
area, the arable land occupies a small portion,
representing only 2.81% of the total surface, being
situated on the low terraces of the meadow and
isolated on mountainsides with lower slopes. Most
courtyards and buildings are located in the meadow
sector, likely to be vulnerable to hydrogeomorphological hazards, as will be seen in what
will be presented.

years, an older dataset is needed, the theoretical
assurance was calculated using the Pearson III
formula [29].

Intersecting the flood bands on the four
probabilities of overflow (1%, 2%, 5%, 10%) with
the land use, the total areas susceptible to flooding
can be observed (Table 2; Figure 2.). Of the total
surface area of 377.52 km2, most of it is occupied
by lands with large geodeclivity, specific to the
mountainous area with steep slopes and narrow
valleys. The space for housing and agricultural
activities is restricted, mainly located on the low
meadow terraces on both sides of the Bistrita River
and along its tributaries. At the probability of
occuring once every one hundred years, floods can
affect an area of 6.668 km2, at the probability of 2%
- 5.834 km2, 5% - 4.817 km2, and 10% - 3.868
km2.

Table 1. The land use at the level of the whole river basin district of the Bistrita River
Land use
Relative frequency of surface (%)
Surface (kmp)
Agricultural Land
2.81
10.619
Buildings
0.36
1.359
Courtyards
1.25
4.724
Dams
0.01
0.029
Roads
0.28
1.065
Grassland
19.62
74.073
Alluvial Island
0.04
0.153
Forest
65.04
245.522
Pasture
9.75
36.809
Degraded Land
0.84
3.167
Total
377.523
Table 2. The areas of land likely to be affected by floods with four probabilities of overflow
Land Use
Surfaces - 1% flood bands (kmp) 2% (kmp)
5% (kmp)
10% (kmp)
Agricultural Land 2.469
2.071
1.575
1.102
Buildings
0.302
0.241
0.181
0.130
Courtyards
1.110
0.895
0.668
0.497
Roads
0.205
0.164
0.125
0.089
Grassland
0.502
0.462
0.398
0.329
Alluvial Island
0.153
0.153
0.152
0.152
Forest
0.089
0.080
0.067
0.056
Pasture
0.026
0.022
0.012
0.002
Degraded Land
1.813
1.748
1.639
1.510
Total
6.668
5.834
4.817
3.868
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Figure 2. The cartographic reprezentathion of flood bands with five probabilities of overflow

Comparing the results obtained from the individual
simulation with those obtained from ABA Siret,
changes in floodable areas were observed. Not
every category of land use has been detailed, only a

careful look has been given to constructions. In the
following graph you can observe the number of
constructions that can be affected by the different
overflow probabilities (Figure 3).

Figure 3. The differences obtained by comparing the simulations

It is observed that for the 1% overflow probability,
the situations are similar, with bigger differences
occurring in the 5% and 10% floodplains. The
number of affected buildings in the flood bands
obtained from ABA Siret is approximately 5 times

lower. It is believed that this difference is due to the
different topographic support on which the
simulations were made, noting that the individual
simulation was performed on a topographic support
at a detailed scale (Figure 4).

Figure 4. A careful look at the flooding phenomenon in the Soci locality, Neamț County
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Soci is located on the low meadow of Bistrita River.
The first stage of the terrace is completely flooded
at a 1% probability, while the terrace that is over 5
meters becomes floodable only in the case of a 0.1%
probability [30] (Figure 4).
Therefore, for an overflow with a one-thousandCONCLUSIONS
Of all the hydrological risk phenomena, floods and
flash floods are the most dynamic and most
dangerous, producing damages that often go far
beyond other natural or induced natural
phenomena. Floods have occurred and will
manifest for as long as the Sun will give the Earth
the necessary energy. The rise of water has
frightened humanity and it seems that appropriate
measures to stop them completely can never be
taken. Normally, floods should not be considered
disasters because they occur as natural phenomena,
with repeatability over time, on a certain scale, and
are part of the normal chain of water drainage in the
river bed. They can only be considered disasters
when they are favored by humans, as a result of
incompetence or risk taking, by placing human
settlements, practicing agriculture, industry,
building a street infrastructure in the meadow
sector.
Reducing the risk of floods requires knowing how
to intervene on the determinants. Protective work
interferes with the "return time" factor, diminishing
the likelihood of flooding by increasing the return
time for which interventions have been
dimensioned. Appropriate management for the

year probability of occurrence, Soci can be almost
completely flooded. Measures to combat and
prevent the hydrological phenomenon are
necessary, the risk being the highest for this
locality.

floodable areas requires the creation of plans that
limit the built territory and implantation of
production units. It also aims to develop methods of
flood forecasting and emergency plans, as well as
to develop an efficient system of coordination of
activities.
The hydrological risk analysis responds to
numerous requirements that may be of a technical
nature and involve aspects of public acceptability.
The outcome of the risk analysis plays a key role in
the decision-making process, related to locating
potentially hazardous activities and to risk
mitigation interventions for existing installations.
The methodology for assessing hydrological risks
is cumbersome and extremely difficult. For the time
being, there is no adequate strategy in developing a
good documentation for an accurate assessment. At
every analysis, various factors are found, major or
minor, to complement a range that was thought to
have been completed. In the Bistrita Valley,
Broşteni - Poiana Teiului, no detailed study has
been carried out regarding the combat or prevention
of the risk of flooding, although it can be seen from
the materials presented in the paper that one is
highly necessary.
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Abstract
Territorial-administrative organization belongs to the most important and highly debated topics of political geography. The
paper focuses on boundary changes on a municipal level. Territorial amalgamation reforms have attracted a lot of attention
of scholars from different disciplines, recently resulting also in meta-analyses of studies of impacts of those reforms. But
the opposite process – of territorial fragmentation (splits or “divorces” of municipalities) has not attracted sufficient attention
of academic community. And in the practice of Central and Eastern Europe this type of reforms has been at least equally
frequent and equally important as territorial consolidation reforms. Immediately after 1989/1990 turn-over we could note
massive territorial fragmentation in several countries of former Yugoslavia, Czechoslovakia, Hungary and some others. But
also more recently, within last 20 years there have been several cases of “municipal divorces”. The paper provides inventory
and draws general picture of such changes in 7 countries of the region (Bulgaria, Czech Republic, Hungary, Lithuania,
Poland, Romania, Slovakia, Slovenia) and discusses both factors beyond the divorce initiatives as well as possible
consequences for local democracy and local public service provision.
Keywords: territorial reforms, local government, economy of scale, local democracy, Central and Eastern Europe

INTRODUCTION
Territorial-administrative re-organizations belong
to the most important and highly debated topics of
political geography. They have also attracted a lot
of attention of scholars from other social sciences,
including political science, public administration
studies or economics. The importance of the topic
in Europe is strengthened by numerous territorial
decades implemented in various countries during
last two decades. In this paper we focus on
municipal tier, leaving aside territorial reforms on
other (e.g. regional) levels.

This article discusses following issues:
- What has been scale of municipal territorial
reforms in Europe during last two decades?
- What has been the role of splits of municipalities
among different types of territorial reforms?
- What have been consequences of these reforms
for capacity of local governments to deliver
services as well as for local democracy?
- What has been typical discourse of the reforms
promoted by proponents and opponents of the
changes?

MUNICIPAL BOUNDARY REFORMS IN
EUROPE 1998-2018
If we define municipal territorial reform as a change
in number of municipal governments exceeding 5%
of the value at the beginning of the researched
period, we discover that during last 20 years the
map of local governments in Europe has been very
far from being stable. Most of the changes has been
going into direction of further territorial

consolidation through the municipal amalgamations.
Such reforms – implemented either as one-step
reform or in a more incremental way throughout
several years – can be identified in at least 19
European countries. As a result the total number of
municipalities has been systematically shrinking
(see table 1).
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Table 1. Number of municipal governments in Europe 1998-2018
Year
Number of municipal governments
1998
114,500
2010
110,000
2014
106,500
2018
101,800
Source: data collected by Local Autonomy Index project [9] and survey of experts conducted within “Territorial
reforms in Europe: project. Figures are rounded up to 100 and cover 41 European countries (all except of
Azerbaijan, Bosnia and Herzegovina, Byelorussia, Kosovo and Russia).
Note: numbers in the table are rounded-up to 100.

This type of reforms has been subject of numerous
studies (e.g. [1], [12], [13]). Their consequences
have been heavily researched, even if academics
still have not reached the consensus on the impacts
of amalgamation on costs, capacity to deliver
services or local democracy. There are several
recent publications on those issues, having
character of meta-analysis of individual empirical
studies, allowing to draw general conclusions (see
e.g. [4], [5], [7], [16]).
But all of those studies almost entirely over-look
the fact that the merger reforms are not the only type
of municipal boundary changes. In the same period
of 1998-2018 there have been at least 10 European
countries in which number of municipalities
increased rather than decreased (see table 2). It has
been a consequence of numerous splits of municipal
governments, when part of the municipality
“divorced” from the existing territorialadministrative unit. This type of territorial changes
has been almost a tabula rasa for academic
empirical research in social sciences. And extensive

review of international academic journals allowed
to identify several hundred empirical studies of
amalgamation reforms and their consequences, but
only four studies of municipal splits1 [7].
Why municipal divorces are so much underresearched comparing to municipal amalgamations?
There might be two major reasons. One that
municipal splits are usually not a result of a
conscious policy of central governments, but rather
occur as a result of bottom-up pressure from local
political elites and local communities. Therefore
scholars interested in analysis of impacts of
government policies concentrate on merger reforms
rather than on municipal divorces. The second
potential reason is geographical location. Merger
reforms have been often introduced in countries
which are close to the core of academic research. At
the same time one may note that the vast majority
of the countries enumerated in table 2 is located in
Central and Eastern Europe, which is closer to
semi-periphery of the academic research in social
sciences.

Table 2. European countries in which number of municipal governments has increased in 1998-2018 period
Number of municipal governments in
1998
2010
2014
2018
Bulgaria
262
264
264
265
Croatia
545
556
556
556
Czech Republic
6242
6250
6253
6258
Lithuania
58
60
60
60
Montenegro
21
21
23
23
Romania
2948
3181
3181
3181
Slovakia
2878
2890
2890
2890
Slovenia
203
221
223
223
Spain
8108
8115
8118
8124
Sweden
288
290
290
290

Several splits could be observed in Central and
Eastern Europe in the early 1990s (e.g. in the Czech
Republic, Slovakia, Hungary). But also in
following years, individual cases of municipal splits

1

have been quite common in several countries in the
Eastern part of the continent. Those territorial
changes introduced within last two decades are in
the focus of the following sections of this article.

The list includes two studies of municipal splits in Australia [2], [3], one in Brazil [10] and one in Poland [14].
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MUNICIPAL DIVORCES IN CENTRAL
AND EASTERN EUROPE – BASIC FACTS
Figure 1 illustrates the number if municipal
divorces in several countries of Central and Eastern
Europe. The list of countries on figure 1 is not
identical as in table 2 above, since in some of the
countries the total number of municipal
governments did not change, or even decreased, in

spite of cases of splits. The case of Ukraine is a
good illustration of such a process. There were
several (more than 150) cases of splits until 2013,
but still on-going territorial reform after 2014 has
led to the overall reduction in number of local
governments between 1998 and 2018.

240
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Figure 1. Total number of new municipalities in 1995-2018

As it is clear from figure 2, most of cases of
municipal divorces took a place around the
millennium, with a sharp decrease in number of
new cases after 2005, and especially in recent years.
What are the new municipalities emerged as a result
of the divorces like? In order to answer this

question, we have created a data base of 435
municipal splits which took a place in 8 countries
of Central and Eastern Europe in 1995-2018 period.
Slightly more than half of all of those cases refer to
Romania.
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Picture 3. Reconstruction of the Skopje city structure from 1890 г. [31]
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Figure 3. Population size of new municipalities
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On the basis of collected data we may say that first
of all the newly created municipalities strongly
vary in terms of their population size (see fig. 3).
Czech Republic and Lithuania provide two opposite
extremes. In the Czech Republic over three quarters
of new municipalities are extremely small, with
population below 1,000. Slovakia and Hungary
follow similar model, although in the latter case the
size of new territorial units is more diversified. At
the same time new local government units created
in Lithuania (and to a lesser extent in Bulgaria) are
relatively big, inhabited by several thousands of
population each. The most diversified is the size of
new units in Slovenia and Poland.
Another difference between countries is related to
the relative size of the “initiator of the split” and the
“abandoned unit” (see fig. 4). As a rule, the initiator
is a smaller part of the former municipality, which
wants to break from the “bigger brother”. However,
there are also exceptions to this rule. In 8% of 435
analysed cases the split “initiator” is smaller from
the “abandoned” municipality. Such situations are

relatively the most often in Romania and Poland,
although even in those countries they are only a tiny
minority of all analysed cases. In another 1/3 of all
cases the “initiator” has been smaller than the
“abandoned” municipality, but the difference of
size has been relatively small – less than two times.
In the remaining almost 60% of cases the size of the
unit which has initiated the split is much smaller
form the remaining part of the former municipality.
But the situation in this respect strongly differs
among analysed countries. In the Czech Republic
(to a smaller extent also in Slovakia and Hungary)
the dominant model is a split of very small part of
the much larger town. In majority of cases in those
countries the population size difference between
initiator and abandoned municipality is more than
10 times. In the remaining countries the analysed
cased of either more diversified in this respect
(Slovenia, Poland, Bulgaria) or the size of both
parties of the split is more balanced (Lithuania,
Romania).
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Figure 4. Ratio of population size of the new (initiator) to abandoned municipality

The data provided in this sections demonstrate that
cases of splits are still common in Central and
Eastern Europe, although their number has

considerably decreased in recent years, and that
they are very diversified phenomena revealing
different features in individual analysed countries.

WHY THEY HAPPEN? REASONS AND
ARGUMENTS FOR MUNICIPAL DIVORCES
In the early stage of political transition in Central
and Eastern Europe the most common reason for
the splits was a reaction for the forced
amalgamation implemented under the communist
regime. Such a reaction was identified in former
Czechoslovakia and Hungary, but also in some of
the countries emerged after collapse of Yugoslavia
(see [1], [12]) and it led to very rapid increase in the
number of municipalities in several countries (e.g.
more than twofold in Hungary and more than four

times in Croatia). But one cannot expect this factor
to be decisive in later years of the end of 20th and
the beginning of 21st century. The most frequent
reason for more contemporary “divorces” is related
to the concept of heterogeneity within local
government unit. Whether social heterogeneity of
the local government unit supports efficiency of
service provision is a controversial issue.
According to some authors homogeneity increases
managerial effectiveness [11]. The theory argues
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that small jurisdictions are more homogenous and
therefore can offer policies that better match
citizens’ preferences. In addition, small
bureaucracies allow for less distortion of citizen
preferences [8]. But some authors argue that
heterogeneity may lead to more efficient service
provision [6]. However what is the most important
for our discussion is that sometimes part of
municipality has strong subjective feeling of being
different from the rest of the local jurisdiction. This
often leads to the perception of having divergent
interests and being marginalized by the dominant
“municipal centre”, e.g. in decisions on new
investments or service provision facilities. Poor
physical access (proximity) to delivered services in
the peripheral part of the municipality becomes a
frequent argument for the “divorce”. Such
centrifugal forces would be especially strong if size
difference between the “core of municipality” and
“distinguished part” is large. Such disproportion of
sizes strengthens feeling of being marginalized,
since representation of the smaller part in the
municipal council is not sufficiently strong to
defend interest of their electoral wards.
Experts from nine countries2 have been asked to
assess importance of various 25 pre-defined issues
in the discourse accompanying splits of
municipalities in their countries. The survey was
conducted between December 2018 and January
2019. On the basis of their answers we have
identified issues that have been the most often and
the least often present in the debates related to
changes of municipal boundaries. The most
frequently discusses issues have been:
- Unequal treatment / discrimination of the smaller
part of the municipality (mean score 4.1 in 1-5
scale of importance)
- Proximity between citizens and their political
EXPECTED IMPACTS?
Data provided in the previous section tell us about
perception of various issues related to territorial
fragmentation being result of municipal splits. But
this does not need to be identical with actual real
impacts.
So what are the actual consequences of municipal
divorces for effectiveness and efficiency of service
delivery and for local democracy? Unfortunately
there are very few empirical academic studies
available in the literature, which would be based on
solid methodological ground and which would
study this important topic. There are several studies
of the opposite processes – the impact of
amalgamation reforms - but their results are helpful

2

representatives (3.6)
Restoration/ protection of local identity (3.6)
Citizen participation in local governance (3.3.)
Administrative capacity to deliver services (3.3)
Costs of local administration (3.3.)
Availability/proximity of local public services (3.2)
Capacity of local government to promote local
economic development (3.2)
- Economic resilience and financial management of
municipality (3.1)
- The least debated issues include:
- Capacity for inter-municipal cooperation (mean
score 1.2 in 1-5 scale of importance)
- Demographic trends (1.6)
- Match between administrative boundaries and
catchment area of locally provided services (1.8)
- Capacity for strategic planning in municipality (1.8)
- Preservation of jobs in local administration (1.8)
(on both lists the arguments raised mainly by
opponents of the split are marked by italic font).
As it might be expected, arguments related to
economy of scale theory are mostly raised by
opponents of the municipal divorces, while issues
related to functioning of local democracy and
physical access to local public services by
proponents of the secession of new municipalities.
Interestingly, issues related to professional capacity
of local administration – which in theory are
expected to be used as arguments for territorial
consolidation – have been raised to the same extent
by proponents and opponents of municipal splits.
Following theoretical concepts one might also
expect that issues related to the recruitment of
professional staff working for local administration
should also be an argument against municipal splits.
However in practice this argument is almost absent
in most of local debates.
-

in answering our research questions to a limited
extent only. We may ask if the results of local
government splits are a mirror of the consequences
of mergers, which have been studied earlier in
various countries (mostly in Western Europe, USA,
Australia and Japan). Can we expect to find
negative consequences of splits in relation to
variables in which positive consequences were
observed after the mergers? And vice versa: are
negative side-effects of mergers replaced by
positive results of the splits? The answer for those
questions has important theoretical consequences
and may contribute to filling the gap in our
knowledge on the relationship between size and

Bulgaria, Croatia, Czech Republic, Hungary, Lithuania, Poland, Romania, Slovakia, Slovenia.
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service delivery as well as functioning of local
democracy. The positive answer (i.e. finding
symmetry between results of territorial
fragmentation and consolidation) would strengthen
the argument that the size really matters. If there is
no symmetry, then one might speculate as to
whether trends noted e.g. by studies of territorial
amalgamation reforms in earlier studies were not
related to the mere fact of the change (the reform).
But so far the empirical evidences are scare in this
respect.
Two studies of municipal “divorces” in Poland
([14], [15]) suggest that:
- Municipal splits usually lead to increase of the
costs of administrative services,
- However their impact on costs of other services
as well as financial management is much less
clear, and – opposite to theoretical expectations
arising from economy of scale theory –
sometimes may lead to positive changes,
- Splits result in higher electoral mobilization
(increase of voter turnout in local elections).
The change is visible in both parts of the split
municipality, but it is stronger in the part which
initiated the split. This may reflect an effect of
enthusiasm, after achieving of the goal local
community was fighting for;
- In spite of mobilisation of larger number of
candidates, the level of electoral competition

drops in the split municipalities. It means that
the smaller size being the consequence of the
split may support citizens participation, but it
creates problems for the Schumpeterian model
of procedural democracy based on competition.
However, these conclusions are based on very
limited empirical base, restricted to one country
only. As it was demonstrated earlier in this article,
the models of municipal splits strongly vary both
among countries and within individual countries.
The split of very tiny village (with just a few
hundreds of residents) from dozen times larger
municipality may have very different consequences
than “divorce” of two parts of the municipality of
similar sizes, each of them populated by several
thousand citizens. Variation of consequences may
also depend on the set of functions local
governments are responsible for in a given country,
inter-governmental financial architecture, level of
organizational autonomy etc.
It all suggests that this article uncovers just a top of
an ice-berg of very much under-researched
phenomenon. Much more effort related to
international comparative studies involving
countries with different models of local government
systems is required in order to understand better the
phenomenon of municipal splits and their
consequences.
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Abstract
Recently, the area of free and open source geospatial data and software has experienced a significant development
and progress. Since the start of geospatial open source “revolution” in the early 2000 (that began with QGIS
launching), a transition from commercial software to open source alternatives has been noticed among researchers,
professionals, local administrations, etc. This study focuses on using available open source solutions in order to obtain
useful information regarding the delineation of flood hazard and flood risk areas. QGIS, a free and open-source
geographic information system software was used for spatial data visualization, editing and analysis. River GIS is a
QGIS plugin that allows the creation of 1D or 2D geometric flow models using the QGIS environment. A 1D flow
model and HEC-RAS software was used to estimate the hydraulics of water flow, delineating the vulnerable areas.
Useful information about flood hazard and risk exposure was obtained, the methodology used proved efficient
considering the time, cost and the quality of the output. The results managed to capture and delimitate the flood prone
areas and the amount of social damages in term of affected persons. Taking into consideration the cost related issues,
this methodology can be applied easily by all the interested parties (local communities, local authorities, scientists,
responsible persons with flood mitigation) in the development of local, regional or national flood management plans.
Keywords: QGIS, HEC-RAS, River-GIS, Flood mapping, Open Source Software

INTRODUCTION
“Open source” software is defined as software in
which the source code is available for modification
and redistribution by the general public [1]. Open
Source Software (OSS) gained more and more
credibility as a large number of initiatives regarding
this topic emerged over the last two decades,
especially in the GIS market [2, 3]. Geospatial open
source movement/revolution began as a reply
against the numerous limitations imposed by the
commercial code (which is traditionally expensive
proprietary software) [4, 5]. In this way, many GIS
application capabilities and functionalities were
developed and distributed without any usage
restriction, being guaranteed for free to the public
use. Moreover this phenomenon, gather large
communities of users which are working to develop
better computer software, leading to continuous
progresses and constant updates. The Open Source
Geospatial Foundation (OSGeo) is one of the best

examples of such community (https://www.osgeo.org).
Therefore, as a consequence, many of these
applications concentrate on developing software for
geographic/spatial data management, storage,
analysis and visualization [2, 6].
One of the most important open source GIS
application developed in the last two decades, is
QGIS, software that provides useful GIS tools in
spatial analysis, geoprocessing, geometry, and data
management tasks [7]. It is one of the most popular
open source GIS, offering reliable solutions for
public and private sectors like, education, scientific
research institutions, non-profit organizations or
small business [8, 9]. This study looks at QGIS and
HEC-RAS, both open source software and explores
their possibilities to delineate the flood hazard and
risk over a given area of interest. This is possible
due to RiverGIS, a specially developed tool for
creating HEC-RAS flow model geometry inputs in
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QGIS environment. QGIS with RiverGIS is a
freeware solution, widely used worldwide that can
be perfectly integrated with HEC-RAS software in
order to obtain all the geometry parts of the river
system, as the main channel, cross-sections,
overbanks, flow paths, etc. [10].
One of the most used technique for channel ﬂow
analysis and ﬂoodplain delineation is the usage of
HEC-RAS software [11]. Floodplain studies make
usage of hydraulic modeling in order to provide
water surface profiles and floodplain maps for
DATA AND METHODS
QGIS is an Open Source Geographic Information
System (GIS) licensed under the GNU General
Public License. QGIS is an official project of the
Open Source Geospatial Foundation (OSGeo). The
project was developed starting from 2002 as a
response to the generally expensive GIS proprietary
software and the unavailability of this specific type
of software as free of cost. Its main purpose is to
provide basic GIS functionalities to anyone with
access to a computer [4].
The initial goal of the project was to provide a GIS

different administrative purposes [12]. The created
models (using RiverGIS and HEC-RAS) can
reproduce historic water surface elevations
recorded during actual flood events [13] but also
can be used to develop different scenarios using
hypothetical data for flood zoning maps [14]. This
paper attempts to highlight the performance of open
source software QGIS RiverGIS and HEC-RAS as
tools in the flood zoning map development
(development of flood hazard and flood risk maps).

data viewer [4], today its capabilities implying
viewing, editing, advanced geoprocessing and
various analysis possibilities [15, 16]. Today, QGIS
offers many common GIS functionalities provided
by its core features (maintained by the QGIS
Development Team and part of every QGIS
distribution) and plugins (which give the
opportunity that new features and functions to be
easily added to the application by interested
users/developers) [4].

Figure 1. Methodological scheme on how the flood zoning maps were obtained.

QGIS provides a plugin mechanism [17], a Python
application program interface (API), which is used
to expand its functionality. Since the introduction of
this plugin mechanism in QGIS 0.9 in 2007, many
tools were added by the developers using Python
plugins [18]. The distribution of a plugin is
performed using the QGIS official repository,
where the developers can upload their work. In this
way, the QGIS users can locate it (using QGIS
plugin manager) and install it on their computer. All
the uploaded plugins fall under GNU General
Public License [19].
For data management and tool computation, the
present study used the latest QGIS 3.4 Madeira
version. RiverGIS is a QGIS plugin developed by
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Radosław Pasiok, Łukasz Dębek, Rafał Parda and
Karol Zieliński, acting for QGIS as HEC-GeoRAS
acts for ArcGIS. It is an excellent alternative that
helps you create HEC-RAS flow models in a no
cost environment. It brings all the HEC-GeoRAS
components into the free/libre software world
(http://rivergis.com/about.html). RiverGIS 1.0
version was installed using the Plugin Manager in
QGIS. PostgreSQL 9.4 version was installed along
with its PostGIS extender. PostGIS is an extension
to the PostgreSQL object-relational database
system which allows GIS (Geographic Information
Systems) objects to be stored in the database [20].
This step was mandatory, as RiverGIS plugin needs
a connection to a PostgreSQL database with spatial
extensions
of
PostGIS
included
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(http://rivergis.com/about.html). All the necessary
data created for the flow model computation were
stored in the PostGIS database previously created
(Stream Centerlines, XS Cut Lines, Bank Lines,
etc.).
After the generation of the flow model geometry, an
export for future HEC-RAS hydraulic modeling
steps was performed. HEC-RAS (Hydraulic
Engineering Centre River Analysis System) is a
hydraulic software, developed by US Army Corps of
Engineers. It is a tool that can perform steady and
unsteady flow simulations and obtain water surface
elevations within a specific area of interest [11]. For
this study, a 1D steady flow model was used. This
assumed that at each cross section established, the

water flow proprieties were the same (as entered at
the upstream end of the river) and the time variable
did not interfered changing this value [21] Figure 1.
The flow model and computations were based on a
0.5 m resolution LiDAR Digital Elevation Model of
the study area. The model mapped the areas covered
with water taking into consideration the steady flow
data introduced (5 profiles). 5 flood zoning maps
were developed. The results were then viewed and
exported in raster and vector format using the RAS
Mapper tool available in HEC-RAS. The last step
consisted in the realization of the flood hazard maps
and risk assessment evaluation. A full
methodological schema regarding the steps
performed can be seen in Figure 1.

STUDY AREA
The study area is located in Iasi, Romania, one of the
largest urban area form the county, with a population
of almost 350000 inhabitants. For this practical
example two of its biggest neighborhoods were
selected – Alexandu and Dacia (Figure 2). The

proximity to the Bahlui River and the high
population density, make these two neighborhoods
vulnerable in the case of a flood event. The selection
was based also on the availability of LiDAR data of
this region.

Figure 2. Location of the Study area, Iasi, Romania, Basemap: OpenStreetMap.

RESULTS
The results consisted in 5 hydraulic simulations which
were based on 5 scenarios. Each scenario took into
consideration a certain flow rate in the 1D steady flow
model used in HEC-RAS computations. Scenario 1
(Figure 3) simulates the river flow in its official
average flow rate (Q=4mc/s). This scenario was taken
into consideration in order to validate the various
hypothetical scenarios proposed. The other scenarios
were based on various flow rates as:
Scenario 2 – Q=50mc/s; Scenario 3 – Q=100mc/s;
Scenario 4 – Q=300mc/s; Scenario 5 – Q=500mc/s.

The identification of the risk assessment was realized
by intersecting the flood hazard extend map obtained
in Scenario 2 with the buildings and addresses layer of
the neighborhoods (study area) (Figure 8). A number
of 111 building were reported as affected by the flood
extend (proposed by Scenario 2 with an average
Q=50mc/s) cumulating a number of over 10000
individuals (in terms of affected persons). The
cartographical materials (flood hazard maps and flood
risk map) were realized using expressly QGIS
environment.
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Figure 2. Scenario 1, Q=4mc/s, Basemap: OpenStreetMap.

Figure 3. Scenario 2, Q=50mc/s, Basemap: OpenStreetMap.

Figure 4. Scenario 3, Q=100ms/s, Basemap: OpenStreetMap.
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Figure 5. Scenario 4, Q=300mc/s, Basemap: OpenStreetMap.

Figure 6: Scenario 5, Q=500mc/s, Basemap: OpenStreetMap.

Figure 7: Flood risk map of the study area taking into consideration the Scenario 2.
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CONCLUSIONS
Open source software, QGIS, RiverGIS plugin and
HEC-RAS proved to be very efficient tools in the
process of flood hazard and flood risk mapping. The
methodology proposed by this study can be easily
extrapolated and applied to any region
characterized by a reasonable Digital Elevation
Model availability. The future of open source GIS
(QGIS in particularly), is likely to be bright, as its
performance are improving constantly, becoming
more and more precise (with a constant addition of
new functionalities). This application presented in
the current study and this combination of open
source software, demonstrate one more time that
mapping and development of geospatial data
projects is accessible to anyone with basic GIS
knowledge and access to a computer. This is a big

step forward for local administrations, researchers,
persons responsible with emergency situations
which can use these free tools to a better
management of flood hazard and risk. Developing
scenarios (like the ones presented in this study) can
lead to a better planning in case of a flood event
occurrence. Production of flood hazard and risk
maps is a technique that can be used to improve the
training process of the vulnerable people and can
teach them how to act in such cases. Another
important aspect that can be learned by the
population is their vulnerability degree. This
means, a faster response in case of an emergency,
as well as, more appropriate reaction from the
population and increasing security.
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Abstract
The phenomenon Duvalo in the vicinity of Ohrid has always been subject of interest among scientist and the general
public. All geological manifestations occurring at this locality are a constant challenge for anyone attempting to
research or explain them. So far, some researchers consider this structure is representing a solfatara while others
consider it a mofette or fumarole. There are even articles in newspapers stating it represents the only “active volcano”
on the Balkan Peninsula.
With the aim to clarify some important facts for the location and eliminate the multitude of arbitrary and
unprofessional interpretations and information, within the frame of this article are presented results of analysis of all
the available geological and geomorphological existing documentation for the phenomenon. Based on such detailed
analysis with taking into consideration the character of its activity, the composition and the measured temperature of
the gasses, geomorphological futures etc., the occurrence is classified as a “dry moffete”. The presence of the H2S
gas in mofettes appearing on non-magmatic regions is very unusual and requires further research. Therefore, at the
end of the paper are presented the minimum required investigations which will help define the origin of gasses at the
Duvalo occurrence.
Key words: Duvalo, Kosel, Ohrid, Republic of Macedonia, solfatara, mofette, fumarole, dry moffete.

THE OBJECT AND
PURPOSE OF THE STUDY
The locality of Duvalo near the village of Kosel in
the vicinity of Ohrid has become the subject of
more detailed and expert research. Duvalo is a
geological phenomenon which has been given
different characterisation (solfatara, mofette,
fumarole) by different authors. The subject of our
study is to define its real nature. All geological
manifestations occurring at this locality are a
CHARACTERISTICS OF
THE DUVALO LOCALITY
Geographical disposition
The Duvalo locality is located in the southeastern
part of the Republic of Macedonia, in the Ohrid
Region, near the village of Kosel, 7km north of the
city of Ohrid. The absolute geographical disposition
of the central part of the Duvalo locality is 410 09’
39’’ longitude and 200 50’ 33’’ latitude.

constant challenge for anyone attempting to
research or explain them.
The purpose of this paper is to present more
complete and clearer findings about the locality,
which will eliminate the multitude of arbitrary and
unprofessional interpretations and information
regarding this phenomenon.

The Duvalo topographical locality is located at the
contact point of Galichica Mountain and the Ohrid
Valley, at about 770 m altitude. It borders the valley
of Koselska River to the north, Galichica Mountain
branches (the Motrula elevation, 1012 m above sea
level) rise to the east, the Valley of Skrebatska
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River is located north and the Ohrid Valley is
located west of the Duvalo locality.
In respect to road access, the Duvalo locality is near
the road Podmolje-Ohrid-Bitola-Prilep-Gradsko (at
approximately 50 m.).
Traffic communications that pass through Ohrid
further stretch in the direction of Kichevo-Gostivar-

Skopje, then Struga-Kjafa San-Albania, StrugaDebar-Mavrovo-Gostivar with a leg from Debar to
Albania and Ohrid-St.Naum-Podgradec in Albania.
Administratively, the Duvalo locality is located in
the area of the village Kosel and falls under the
Municipality of Ohrid.

Figure 1. Geographical disposition of the Duvalo locality, Kosel village, Ohrid region [7]

Figure 2. Topographic disposition of the Duvalo
locality, Kosel village, Ohrid region [1, 22, 15]
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Figure 3. Geographic and topographic disposition of
the Duvalo locality, Kosel village, Ohrid region
(Source: Google Earth. July 15, 2017, August 25, 2018)
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Geomorphological features
The Duvalo locality is immediately surrounded by
Galichica Mountain and the branches of Plakenska
Mountain (Mazatar as well as many other
elevations) stretching westward to the Botun Gorge
on one side and the Ohrid-Struga Valley, more
precisely - the Ohrid Valley on the other. The
contact point between these two macrostructures is
a point of tectonic movements and manifestations.
In the case of the Duvalo locality they come in the
form of mofettes/solfataras.
Various erosive and accumulative fluvial and
denudation processes are a constant occurrence in
the locality. Some of them have been caused by
natural processes. Due to the tilting, friability and
swelling of the ground, its surface is partially

covered with intense erosion zones (coasts,
furrows, ridges), zones with a relatively sharper
inclination (caused by mining since the time of
sulphur exploitation at the locality) and zones with
erosive and accumulative activities stretching along
the dry valleys in the locality. The rest of the
locality is shaped by anthropogenic influences
meaning that digging (due to sulphur exploitation
from the 16th to 19th century) has caused more
intense erosion processes, while disposal of tailings
has caused the formation of anthropogenic
accumulative forms (bumps, landfills and dumps).
Unfortunately, these processes still go on today
along with activities of refuse disposal at the
locality (Fig. 4).

Figure 4. Geomorphological classification of the ground at the Duvalo locality
1. CO2 and H2S duvalos and exhalations zone, 2. Evaporative exhalations zone, 3. Erosion zone,
4. Erosion and accumulation zone, 5. Аnthropogenic accumulation of tailings and refuse zone
(Photo B.Markoski, 2018)

Contemporary geomorphological processes
Contemporary geomorphological processes are
mainly related to the constant neotectonic
movements and various types of erosive and
accumulative processes.
Neotectonic movements are a frequent occurence in
the wider Ohrid region. However, they are so slow
that they usually go unnoticed by the population,

although exceptions arise at times of more intense
seismic activity. Seismic activity in the area around
Duvalo near Kosel is particularly high.
Measurements show that most of the earthquakes’
epicenters are in the immediate vicinity of the
locality, mainly a few kilometers to the east and to
the north of the village of Kosel.

Figure 5. Erosive fluvial and denudation forms in altered rocks in the Duvalo locality
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Erosion processes and forms in the area around the
Duvalo locality are particularly common. The
reasons for it are: a relatively sharp land inclination,
terrain exposition, relatively larger amounts of rain,
a loose sedimentary foundation of the land etc.,
leading to the formation of a large number of
valleys, smaller and larger river valleys, hilly
elevations, mountain slopes, landslides, various
denudation forms and other.
Particularly distinguished in the immediate vicinity
of Duvalo are the elevations Benoglas 912 m and
Jasika 1079 m to the north, and Motrula 1012 m and
Koljo 1042 m to the east. Spread between these two
mountain branches is the valley of Koselska river
along with multiple smaller river valleys, dry
ravines and a dry riverbed.
The base of the Motrula elevation (1012 m) is
where the Duvalo locality is located. Due to
increased amounts of CO2 (carbon dioxide) and H2S
(sulphur dioxide) however, the ground lacks a plant
cover, which has resulted in its susceptibility to a
certain degree of erosion (Fig. 5).
Accumulative processes and forms affecting the
immediate area of the Duvalo locality are a
common feature of the plains of the Ohrid Valley.
As Duvalo is located between the valleys of
Koselska and Skrebatska rivers, it is spared from a
more intense accumulation of torrent materials.
Above it there is an insignificant part of a wooded
catchment area, therefore the amount of erosion
materials that actually arrive at Duvalo is quite
small. The locality is subject to erosion during
rainfall, but due to the relatively mild inclination of
its land no larger amounts of accumulation material
are collected (Fig. 4).
Geological features
The geological features of the Duvalo locality
presented here are commonly significant
characteristics of the entire wider region, naturally
encompassing the immediate area around Duvalo.
Historical data on Duvalo
Historic documents and data confirm the exsistence
of a sulphur exploitation activity in the Duvalo
locality near the village of Kosel, Ohrid area since
the period from the 16th to the 19th century [18].
The earliest scientific research at the Duvalo
locality with recorded data dates from 1925 when
S.Trojanovikj described the Duvalo locality [19]
and phenomenon, including information regarding:
-temperature and composition of gasses emitted
from the phenomenon; its activity depending on
weather conditions; -character of nearby sources of
“medicinal waters”; -composition of cones near the
locality; -remnants of past sulphur exploitation etc.
More detailed scientific research was conducted in
1956 and 1957 by the Office for Geological
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Research – Ohrid, with the purpose of ascertaining
sulphur reserves in the area [20]. During one of the
researches conducted by the Institute of Physiology
at the Faculty of Medicine in Skopje, it was
established that the amount of gasses being emitted
from Duvalo amounts to 0,2 l/sec, and their
chemical composition is as follows: CO2 - 98.062%,
H2S – 0.838% and inert gasses - 1.1% [12]. In 1977
there was another research conducted on the
phenomenon. Emitted gasses were discovered with
the following content: СО2 - 94,8-95,0; H2S - 0,8;
(first test) and CO2 - 90-92; H2S - 0,8; (second test).
In the period between 1964 and 1972 systematic
geological research was conducted and among
other documents a 1:100000 scale basic geological
map with map key was developed, sheets Ohrid
К34-102 and Pogradec К34-114 [21, 22]. April 10th
to 17th, 1981, the Geological Survey in Ljubljana,
under the guidance and authorship of Danilo
Ravnik, conducted geothermal research of the
thermal areas near Debarska banja and the Duvalo
locality near Kosel, Ohrid region [4]. The Duvalo
locality and phenomenon was also mentioned and
analysed by Hoffmann N. Et al. in 2010, where it
was characterized as a hydrothermal field
connected to a fault structure, emitting H2S and CO2
gasses from fumaroles, mofettes, solfataras, but
without more specific data. In 2017 Milutinovikj et
al. commented, among other things, on the issue of
why the phenomenon was named solfatara or a
volcano (authors’ comments regarding their
viewpoints are given hereafter).
The research also included a review of the entire
literature and research identified so far. It could
therefore be agreed that the analysis of the Duvalo
locality is complete.
Multiple journalist articles and information exsist
regarding the genesis of the Duvalo locality, which
are often being (intentionally or unintentionally)
misrepresented by reporters, sometimes due to a
lack of understanding of this phenomenon. This is
the reason why information on Duvalo often takes
the form of factographic data. However, in order to
avoid any arbitrary statements, the following text
offers more detailed scientific and expert analyses
related to natural (geomorphological, geological
and other features) as well as some anthropogenic
characteristics of the Duvalo locality.
Geological features of the wider
area and the Duvalo locality
The wider region enclosing the Duvalo
phenomenon belongs to a geotectonic unit known
as Western-Macedonian Zone, and the terrains are
made up of Paleozoic, Triassic, Jurassic, Neogene
and Quaternary formations.
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According to cartographic and textual data (a
geological map for sheet Ohrid 34-102 of the basic
geological map: 1:100000 and a respective map
key), the geological structure of the wider area
around the Duvalo locality (Fig. 6) consists of:
Paleozoic (Devon) represented by (Sqse) quartzsericite
schists
(phyllitic
schists);
(Sq)
metasandstones; (M) marbleized limestones; ()
granodiorites; () sienodiorites; () syenites; ()
granosyenitic porphyry; Mesozoic (Triassic and
Jurassic) represented by (Т12) clastic-carbonate
facies with outbursts of rhyolites and diabases; (
Т12) rhyolites; (Т12) diabases; (Т1,22)carbonatechert facies; (Т21,2) dolomites; (Т21,2) platy

limestones with cherts; (Т21,2) massive limestones;
(SeJ) peridotites and serpentinites; (Ј) gabbro;
(Ј) diabases; () leucocratic granites; Cenozoic
(Tertiary and Quaternary with Pleistocene and
Holocene) represented by j (lake and pond
sediments); ts (terra rossa); pr (proluvium); d (slope
breccias); al (alluvium) [21, 22]. The nature of this
paper is such that details on these geological
environments are not shown, but they were used as
the basis for a series of geographical, geological,
geomorphological, tectonic and other research in
order to reach some conclusions about the Duvalo
locality, among other things.

Figure 2. Figure 6) Geological composition of the wider area around the Duvalo locality:
(Sqse) Quartz-sericite shales (phyllitic shales); (Sq) Metasandstones;
(M) Marbelized sandstone; () Granodiorites; () Sienodiorites; () Syenites;
() Granosyenitic porphyry; (Т12) Clastic-carbonate facies with outbursts of rhyolites and diabases; ( Т12)
Rhyolites; (Т12) Diabases; (Т1,22) Carbonate-chert facia; (Т21,2) Dolomitites; (Т21,2) Platy limestones with cherts;
(Т21,2) Massive limestones; (SeJ) Peridotites and serpentinites; (Ј) Gabbro; (Ј) Diabases; () Leucocratic
granites; j (lake and pond sediments); ts (terra rossa); pr (proluvium); d (slope breccias); al (alluvium) [21]
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During the Alpine orogenesis the entire terrain
underwent intense dinamometamorphic changes,
manifested by cataclasis and cleavage of rocks.
Cataclasis is most visible in intrusive rocks, and
after cleavage of the filitoids a secondary sericite is
formed, as a result of dynamometamorphism.
Tectonic features of the wider area
and of the Duvalo phenomenon zone
The wider area of the Duvalo phenomenon belongs
to the tectonic unit Western-Macedonian zone. The
tectonic development of the land is related to the
Hercynian as well as the Alpine orogeny (Fig. 6).
Paleozoic
sediments
were
regionally
metamorphorphosed and folded in synclinal and
anticlynal structures by Hercynian orogeny, while
Alpine
оrogeny
conditioned
strong
dynamometamorphism accompanied by intense
folding of the ground and modification of
Hercynian structures.
In later phases of Alpine orogeny, meaning late
Lower or early Mid-Pliocene, the ground
underwent quite intense radial tectonic movement
that formed multiple tectonic grabens (the most
significant one being the Ohrid graben).
More significant tectonic structures in the wider
area of the Duvalo phenomenon are the Openichka
brachysincline (7), Lekocherejska brachysincline
(11) and the Galichica horst-syncline (12).
The Openichka brachysincline is made up of
phyllitic shales and metasands and is oriented in a
northwest-southeast direction.
The Lakocherejska brachysyncline is made
up of phylittic shales and is oriented in a northsouth direction.
Triassic sediments have folded during the
Alpine orognesis, and their most distinguished
structure is the 35 km long Galichica horst-syncline
(12) forming the mountain massif Galichica,
Istochka and Petrinska Mountains.
Neotectonics
Radial tectonics were quite intense at the beginning
of Mid-Pliocene, bringing about the formation of
the most significant structure in the Duvalo
phenomenon – the Kosel fault (26) and its
accompanying faults stretching in an east-west
direction (it is precisely in the village of Kosel that
this fault intersects other faults covered in
Quaternary sediments and it is here that CO2 and
H2S gasses are released). The Kosel fault passes by
the village of Kosel, and on its way going
southwards it passes by the villages Velgoshti,
Ramno and Velestovo.
Regionally, the Kosel Fault is located on the east
edge of the Ohrid graben towards the mountain
massif Galichica, Istochka and Petrinska Mountain.
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Actually, this part of the region is host to a few steep
parallel normal faults stretching in a north-south
direction (a fault system known as Peshtani-Petrina
faults). Going in the direction of south to north, the
faults in this system stretch along the peripheral
area of the lake from St.Naum to the village of
Peshtani, and continue through the villages of
Velestovo-Velgoshti-Kosel-Vapila-BotunPesochani and Stogovo Mountain up to the
Kosovrasti baths near Debar. All of these faults
stretching in a north-south direction are intersected
by smaller faults stretching in the direction of
northwest-southeast, while in the southern part of
the area they stretch in an east-southeast to east
direction (Fig. 6).
Two of the more notable faults that appear to the
south of the Kosel fault are known as the Velestovo
fault and the Konsko fault. As mentioned before,
the cascade faults that stretch in the north-south
direction are deeper and marked by several other
features:
- The faults have formed and restricted the Ohrid
graben on the east side, continuing northwards
and going through Stogovo Mountain and in a
north-south direction;
- Upper Pliocene saw more intense tectonic
activity, which led to the formation of the
mountain massif Galichica, Istochka and
Petrinska mountains as well as the deepening of
the lake’s eastern part causing the lake’s water
to withdraw to the east of the wider area of the
Struga Valley and Debartsa;
- Exhalations
(informally:
duvalos)
of
underground gasses occur in certain segments.
Such duvalos appear along the line of the
Velestovo-Velgoshti-Kosel-Vopila
villages,
but also in the areas of Botun and Pesochani,
near the Kosovrasti baths and the Debar baths.
Underground gasses are emitted on the surface
resulting in intense desitegration and whitening
(alteration) of surrounding rocks.
Also worth mentioning is the Jablanitsa fault
occurring along the western edge of the Ohrid
depression, as well as the Drim and Sateska faults
on the north side of the depression. [21, 22].
All of the fault structures mentioned above have
registered contemporary seismic activity along
them. This activity is the result of vertical
movement, but horizontal movement has also been
registered along with movement from the right in
submeridial direction [16].
Geological interpretation
of the Duvalo phenomenon
The mineral-petrographic and stratigraphic features
of the Duvalo locality and its surrounding area have
so far received a certain amount of attention.
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However, as previously stated, geological research
was conducted in 1925, 1947 and 1956-1957 as
well as after, but without paying attention neither
specifically to the genesis of the phenomenon nor
to the origin of gasses emitted from it or any other
similar occurrence in the area.
From the literature available to us we can conclude
that in the past this phenomenon was defined as a
mofette, solfatara, fumarole etc. In view of better
defining this natural geological phenomenon, we

will present the definitions of these occurrences
which are frequently found in literature.
Fumarole (It. Fumarola) – from the Latin fumare
(smoke, fume) is a crack or an opening located in a
crater on the sides or the base of a volcano, and is a
source of hot gasses. One distinction of fumaroles
is the emission of water vapor and gasses such as
CO2, SO2, HCl, H2S. Many geologists are of the
opinion that fumaroles are found near active
volcanoes and in dormant volcano areas.

Figure 7. The appearance of the “old duvalo”
of CO2 and H2S gasses in the Duvalo
locality near Kosel
(photo B. Markoski, 2018)

Figure 8. The appearance of a new duvalo
of CO2 and H2S gasses 20 meters south of the
old duvalo in the Duvalo locality near Kosel
(photo B. Markoski, 2018)

Figure 9. Emanations of phyllite alterations under
the influence of CO2 and H2S gasses and sulphuric
acid in the Duvalo locality, near the village of Kosel
(photo B.Markoski, 2018)

Figure 10. Whitening and alteration of rocks
(a reaction of exhalations of H2S and H2O due to rainfall)
by H2SO3 – sulphuric acid in the Duvalo locality
Near the village of Kosel
(photo B.Markoski, 2018)

Solfatara - comes from the Italian solfo – sulphur
and is used as a synonym for fumaroles that emit
predominantly sulfuric gasses.
Mofette (Fr. Mofette) – represents a crack or
opening in a volcanic area emitting CO2 gasses,
water vapor and other gasses: nitrogen, hydrogen,
methane. Gas temperatures do not exceed 100С,
but they cause animals in mofette areas to suffocate
which is why these places are called “valleys of
death”.
With the purpose of coming to more justified
conclusions about the type of occurrence that the

Duvalo phenomenon is, we have gathered all
available data regarding the geological and
geochemical features of this phenomenon and
similar occurrences in the area. Taken into
consideration in the process was the research and
the opinions of Trojanovikj S. 1925 [19]; Izmailov
N. 1948 [10, 11]; The Office for Geological
Research – Ohrid 1956/57 [12]; The Geological
Office 1970; Sherif A 2001 [18]; Hoffmann N.
2010 [6]; Milutinovikj et al. 2017 [16] and others.
Taking into consideration world literature
definitions and looking into all previous
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interpretations, it is our opinion that the Duvalo
phenomenon probably belongs to the category of
phenomena known as dry mofettes. Such a rare
occurrence on a land without recent magma activity
is an exceptional natural phenomenon worldwide.
The presence of the H2S gas in mofettes appearing
on non-magmatic ground is an unusual occurrence,
which is yet another reason to dedicate scientific
attention to the locality and the wider area.
The authors of this research verify and further
explain the views of previous researchers through a
series of photoillustrations (Fig. 7, 8, 9 and 10).
Seismogenic features and manifestations
in the wider area
The seismic activity in the wider area of the Duvalo
phenomenon was more specifically treated in various
periods in time, most often by domestic researchers.
According to Arsovski and Hadjievski, the Western-

Macedonian zone encompassing the Duvalo
phenomenon has a predominantly meridian direction
of extention. It is subject to strong earthquakes М>6,
I>IX which repeat relatively frequently [2, 17, 14].
According to Chernich D. and Drogeshka K., a large
number of earthquakes have occured in the OhridStruga seismotectonic zone (Table 1), however an
earthquake sequence that started on 18.6.2017 in the
Peshtani-Ohrid-Struga epicentral area and the most
intense one during that sequence happened on
3.7.2017 at 13 o’clock and 18 minutes М=4.9 and
I=VII degrees according to EMS-98. The epicenter of
the earthquake was 10 km east of the city of Ohrid in
the immediate vicinity of the village of Skrebatno
(5km distance from the village of Kosel).
An overview of separate data on multiple earthquakes
in the Ohrid region and more specifically in the area
of the Duvalo locality shows that, in general, the
magnitude of earthquakes here does not exceed 5
degrees.

Table 1. Strongest earthquakes in the epicentral area
Peshtani-Ohrid-Struga before and after 1901 [9]
Year
Month
Day
Hour
Min
Sec
H(km) МL
Io


Strongest earthquakes before 1901
527
00
00
00
00
0
41.10
20.79
0
6.1
IX
1893
05
02
07
00
0
41.10
20.80
0
5
VII
1893
05
02
15
15
0
41.09
20.80
0
5.6
VIII
Strongest earthquakes after 1901
1905
04
04
10
24
41.8
41.16
20.82
25
5.3
VII
1964
12
09
19
06
16.3
41.06
20.81
15
5
VII
1962
07
17
19
44
46.7
41.17
20.74
18
4.6
VI
1964
12
09
18
28
34.4
41.00
20.79
10
4.6
VII
1911
03
05
00
55
0
41.00
20.69
15
4.4
VI-VII
1954
04
19
05
37
0
41.14
20.77
18
4.4
VI
1932
03
24
01
35
0
41.02
20.74
14
4.2
VI
1906
11
29
08
40
0
41.00
20.80
15
4.1
VI
1965
02
12
04
52
58.3
40.99
20.83
15
4
VI
Earthquakes in 2017
2017
07
03
11
18
18.5
41.17
20.91
1.7
5.0
VII-VIII
2017
07
02
09
39
07.4
41.17
20.94
1.0
4.0
VI
2017
07
03
18
30
11.1
41.16
20.87
8.4
4.0
VI
Source: Chernich D., Drogreshka K., (2017), Seismological observatory at the
Faculty of Mathematics and Natural Sciences, “Ss. Cyril and Methodius” University, Skopje.

Recent manifestations in the
Duvalo phenomenon locality
The Duvalo locality is characterized by various
recent manifestations and occurences that arise
from natural and anthropogenic influences.
Due to the nature of the Duvalo locality, there is
constant manifestation of gas exhalations from
inside the ground. They evaporatively show up on
almost the entire surface of the locality, and
exhalatively – in craters that emit CO2 and H2S
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gasses (Fig. 11). According to scientific surveys
and experienceс of the local population, gas
manifestations during dry periods are moderate,
while the sulphur smell (colloquially - “a bad egg
smell”) is stronger and vice versa in wet periods
(during periods of reinfall gas manifestations are
explosive) (Fig. 12), but the sulphur smell is milder.
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Figure 11. The duvalos “craters” zone with CO2 and H2S gas exhalations
in the Duvalo locality near the village of Kosel, Ohrid region.
The Old duvalo and new duvalos in the locality after the earthquakes in 2017
(Photo B.Markoski 2018)

Regarding the activity of this phenomenon, all
researchers mentioned above generally agree with
the initial conclusion of Trojanovikj from 1925 –
that during dry periods there is a stronger smell and
a whistling sound in Duvalo, while during periods
of rainfall bubbling is the predominant sound. Also
supporting this is the fact that in 2014 an increased
activity of Duvalo was noted, meaning denser
smoke, and it was also established that during that
time there was no seismic activity, so this increased
activity was interpreted as a natural process taking
place after abundant rainfall (Fig. 12).

The so-salled explosiveness of gasses in the Duvalo
locality is the result of water entering the cracks
from which these gasses are being emitted that
prevents the normal emission of gasses. This causes
for gass pressure in the ground to rise and when it
becomes sufficiently high it ejects the water mixed
with gasses in the shape of small water capillaries
of “smoke” (as it is known among the local
population). All of this is accompanied by a
bubbling sound and emission of a larger amount of
mixed gas and water (Fig. 12).

Figure 12. Increased activity of the Duvalo mofette near the village of Kosel after abundant rainfall [20]
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Since the Duvalo locality is located on a fault line
and the immediate area is also covered with
transverse faults, this is an area of increased seismic
activity which most certainly casts its reflection on
the Duvalo locality as well. Namely, in the past
there was one distinguished “crater” hole on the
locality, but after the sequence of about 1 000

earthquakes occuring during a 2-3 month period
(June, July and August 2017), 10 new holes
appeared ranging from 20 to 80 cm in diameter.
This change is logical since the seismic activity
could have caused a disturbance in the
evaporational directions of the gas exhalations.

Figure 13. Insert 1 of the CO2 and H2S gasses
“crater” exhalations zone in the Duvalo locality near
the village of Kosel, Ohrid region
(New duvalo holes in the locality after the
earthquakes in 2017)
(Photo B.Markoski 2018)

Figure14. Insert 2 of the CO2 and H2S gasses “crater”
exhalations zone in the Duvalo locality near the village of
Kosel, Ohrid region (New duvalo holes in the locality
after the earthquakes in 2017)
(Photo B.Markoski 2018)

Figure 15. Insert 3 of the CO2 and H2S gas “crater”
exhalations zone in the Duvalo locality near the
village of Kosel, Ohrid region (New duvalo holes
in the locality after the earthquakes in 2017)
(Photo B.Markoski 2018)

Figure 16. Insert 4 of the CO2 and H2S gasses “crater”
exhalations zone in the Duvalo locality near the village of
Kosel, Ohrid region (New duvalo holes in the locality
after the earthquakes in 2017)
(Photo B.Markoski 2018)

During a field visit on 09/19/2018 in conditions of
sunny weather with disperse clouds, 21С
temperature, wind speed of 9 km/h north direction,
air humidity of 64% and 1023 mbar air pressure at
the location, a relatively strong smell of H2S could
be felt [8]. A few clearly visible gass emitting holes
have been registered on site (with a low to
insignificant pressure at the time of the visit) (Fig.
13, 14, 15, 16), as well as a larger number of
manifestations of thin sulphur scum deposits and a
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certain degree of rock modification (phyllites) on the
surface of the ground (Fig. 17, 18, 19, 20).
A comparison between the current state and previous
data mostly regarding one particularly outstanding
gas emitting “crater”, shows that activity on this site
ranges from very high to very low, meaning that the
phenomenon is of a geologically dynamic character.
A certain manifestation (inactive at the moment the
survey was conducted) was noticed in the vicinity of
Vapila village as well.
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Needs and directions of future geological
research at the Duvalo locality
As can be concluded from previous available
literature, the locality encompassing the Duvalo
phenomenon has always been found interesting by
geologists working in the area. However, all of the
research has usually been pointed in a different
direction or has only mentioned the phenomenon in
passing, so we get the impression that,
scientifically, some dilemmas and issues still
remain open.

One of the dilemmas identified regarding the
Duvalo phenomenon concerns the origin of gasses.
Available literature has been examined with the
purpose of solving this issue and that in the
framework of other research as well as by using
similar examples that have been found relevant in
the explanation of the Duvalo phenomenon case (or
they serve as guidelines for future purpose-built
geological research).

Figure 17. Insert 1, land swelling due to evaporational
manifestations of CO2 and H2S gasses.
А- a footprint on a swollen patch,
B-evaporational swollen patch
(Photo B.Markoski 2018)

Figure 18. Insert 2, evaporational manifestation of CO2
and H2S gasses in water-filled zones and rock and
mineral dissolution in the Duvalo locality near the
village of Kosel, Ohrid region
(Photo B.Markoski 2018)

Figure 19. Insert 3, manifestations of sulphur scum
deposits on the surface of rock masses
under the influence of
sulphuric acid in the Duvalo locality
(Photo B.Markoski 2018)

Figure 20. Insert 4, manifestations of sulphur scum
deposits on the surface of rock masses under the
influence of sulphuric acid in the Duvalo locality (Photo
B.Markoski 2018)

Worldwide, there are numerous studies on
determining the origin of gasses with predominant
CO2 content that come out on Earth’s surface
through mofettes, where areas with recent or older
magma activity, tectonic zones and sedimentation
basins are being treated separately. Research is
done from a variety of aspects, but it is generally
important to determine the origin of CO2 (whether
it has come from a magma source, the Earth’s
mantle, the deep or shallow Earth core,
decarbonation processes of carbonates making up
the Earth core, regional metamorphism of carbonate

rocks, contact metamorphism of carbonates,
whether the source is organic etc.)
An interesting example is presented by Giustini et
al. 2013, where through all-encompasing research
of the chemistry and the isotope relationship of He,
C (13C) and H (D) in emanations along faults in
the San Vittorino valley it was determined that 75%
of the CO2 originated from termometamorphic
reactions of limestones, between 6 and 22% - from
sediment deposits rich in organic matter, and from
0 to 6% from the mantle [5]. In a number of tested
samples taken from the most significant fault area,
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the content of CO2 originating from Earth’s mantle
was 24-42%. Similar research and tests were
Ordinal
number
1
2
3
4
5
6
7
8
9
10
11
Vapila

Table 2. Activity at the Duvalo phenomenon location on 09/19/2018
Coordinates
Character of the phenomenon
Dimensions
(length/width/depth)
Х
Y
7486763
4558408
40x20х10cm
With a visible hole
7486761
4558418
50x50x30cm
With a visible hole
7486779
4558422
10x10cm
Surface manifestation of sulphur
7486776
4558427
10x10cm
Surface manifestation of sulphur
7486773
4558429
10x10cm
Surface manifestation of sulphur
7486774
4558423
50x50x30cm
With a visible hole
7486787
4558435
10x10cm
Surface manifestation of sulphur
7486782
4558439
10x10cm
Surface manifestation of sulphur
7486762
4558442
30x20cm (4 holes)
With a visible hole
7486747
4558501
10x5cm
Surface manifestation of sulphur
7486541
4559217
Sulphur scum on
Surface manifestation of sulphur
phyllite surfaces at
the base of the
Benoglas (peak)
elevation
Source: Author measurements and notes

The data mentioned, in the context of the Duvalo
phenomenon (and regarding gas origin) could be in
mutual correlation considering they explain the
tectonic character of the phenomenon on one hand
and thermometamorphic reactions of carbonates
under earth’s surface and aquifers in the area, on the
other. For a further scientific verification of this
statement, we should follow Whycherley (1999)
who states that stable isotopes of (13CCO2) are not
sufficient to determine the origin of CO2 which is
why results should always be compared to isotope
analyses of noble (inert) gasses (He, Ar, Ne) [23].
However, the origin of the gasses emitted in the area
of the Duvalo phenomenon has so far been related
to thermometamorphic reactions of carbonates and
groundwater in the fault at the locality [9].
Based on the preliminary research of some of the
abovementioned similar phenomena throughout the
world, some conclusions can be drawn and
questions can arise that are applicable to the Duvalo
phenomenon as well:
- By its nature, it can be presumed that the
Duvalo phenomenon falls under the category of
so-called dry mofettes.
- According to data from drill-hole no.1, and no.2
(to some extent), gathered in 1956-1957, a deep
fault structure is clearly present (drill-hole no.1
– presence of limestone blocks in a sand
foundation, starting from an 11,0 m depth and
reaching a depth of 43,0 m) on the locality
itself, which completely matches the general
tectonic composition of the area. Also evident
is the presence of gas emanating phenomena
along faults to the south and to the north of
Duvalo, as well as of transversing fault
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conducted in other places throughout the world as
well.

-

-

-

-

-

-

structures, landing additional support to the
presumption that these are gas emanations that
appear along deep fault structures [12].
Does emanation have any connection to
Devonian migmatites appearing in the area
between Petrino and Openitsa?
Is there a connection between the Duvalo
locality and Jurassic diabases appearing near
the village of Skrebatno (representing the
nearest magmatic phenomenon to Duvalo – at
approximately 5km air distance from Kosel)?
Are exhalations a consequence of regional
metamorphism to which deeply positioned
Devonian marblized limestones are subjected,
where along the faults gasses emanate to the
surface of the Earth?
Do gasses come from the mantle of Earth’s core
and reach its surface though active fault
structures or is it a question of mixed origin
gasses?
What led to the eruption of gasses during the
1956/1957 drilling works (the drilling
technology is unknown, therefore it is unclear
whether the eruption was caused by the fluid
that was used or by drilling through gas
“pockets”, or other reasons).
The origin of H2S is a huge enigma.

The questions above can only be answered through
future scientific research in the area of the Duvalo
locality, as well as in the wider region where other,
weaker gas exhalations occur. For that purpose,
attention must be paid to experiences of past
research conducted in regions where mofette fields
appear, as well as research regarding magmatic and
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non-magmatic fields present in Europe: Italy,
Hungary, France, Czech Republic, Romania, as

well as in the USA, Australia and other countries in
the world.

SUMMARY
The Duvalo locality is located in the Southwestern
part of the Republic of Macedonia, in the Ohrid
region, near the village of Kosel at about 7km to the
north of the city of Ohrid. The absolute
geographical position of the central zone of the
Duvalo locality is at 410 09’ 39’’ latitude and 200
50’ 33’’ longitude. Topographically, the Duvalo
locality is located at the contact point of Galichica
Mountain and the Ohrid Valley, at approximately
770 m altitude between the valley of Koselska river
and the valley of Skrebatska river.
The Duvalo locality is immediately surrounded by
Galichica Mountain and the branches of Plakenska
Mountain and the Ohrid-Struga graben (also known
as the Ohrid valley). Tectonic movements and
manifestations occur at the contact point of these
two macrostructures. In the case of the Duvalo
locality they manifest in the shape of
mofettes/solfataras.
According to cartographic data, the geological
structure of the wider area around the Duvalo
locality (Fig. 6) consists of: (Sqse) quartz-sericite
schists (phyllitic schists); (Sq) metasandstones; (M)
marbleized limestones; () granodiorites; ()
sienodiorites; () syenites; () granosyenitic
porphyry; (Т12)clastic-carbonate facies with
outbursts of rhyolites and diabases; ( Т12)
rhyolites; (Т12) diabases; (Т1,22)carbonate-chert
facies; (Т21,2) dolomites; (Т21,2) platy limestones
with cherts; (Т21,2) massive limestones; (SeJ)
peridotites and serpentinites; (Ј) gabbros; (Ј)
diabases; () leucocratic granites; j (lake and pond
sediments); ts (terra rossa); pr (proluvium); d (slope
breccias); al (aluvium) [21, 22]. These data are a
further basis for a series of geographical,
geological, geomorphological, tectonic and related
research used to draw conclucions regarding the
Duvalo locality as well.
According to Milutinovikj, whitening and
deterioration (alterations) of the surface that occur

in surrounding Paleozoic schists and other rocks,
are a result of weak exhalations of H2S, that
combined with rainwater create sulphuric acid that
erodes and alters rocks.
Regarding the phenomenon’s activity, researchers
mainly agree with the initial conclusion Trojanovikj
made in 1925 – that during dry periods Duvalo has
a stronger smell and a whistling sound is heard,
while during rainy periods bubblling is the
dominant sound [19]. Supporting this is also the fact
that in 2014 Duvalo experienced an increased
activity with an emission of dense smoke, which led
to the increased activity being interpreted as a
natural process following abundant rainfall
(cluttering water cracks, increased gas compression
underground resulting in explosiveness) (Fig. 12).
According to world literature definitions, available
data and interpretations by most researchers, our
conclusion is that the Duvalo phenomenon is
located on a fault line; it is the result of tectonic
processes, and according to the CO2 content of
98%, the phenomenon probably belongs to the dry
mofettes category.
The origin of CO2 – carbon dioxide is at the moment
being explained as the result of the pressure and
presence of water in carbonate rocks. After being
released, the carbon dioxide uses fault lines and
cracks to break out on the ground’s surface.
Regarding the origin of H2S – sulphur hydrogen,
conditions for formation of sulphates (water,
pressure, temperatures, rock masses containing
sulphur, chemical connections between elements
and minerals etc.) are probably less favourable, so
the amount of H2S is smaller, about 0,8%. Scientific
findings show that part of the schists here contain
sulphur [9], so in such conditions of scarceness of
these suphur containing rocks and minerals in deep
fault zones and weaker conditions for impregnation
results in a smaller amount of H2S exhaled on the
surface of the ground.
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