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Abstract: Floods are repetitive and unpredictable phenomena. Interventions in these cases are carried
out during or after a hazard’s occurrence. The quality and density of the roads, the equipment of
emergency intervention centers, and the proximity of these centers to risk areas influence accessibility
and intervention capacity. An analysis of this issue is carried out in the present article for a small
catchment in Romania in a predominantly hilly area. Areas with very high and very low road
accessibility are identified. Proximity to emergency centers can reduce travel time, thus increasing
the surfaces of well-served areas.
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1. Introduction

Areas subject to high hydrological pressure present a high risk of significant material
and human damage [1]. At the international level, hydrological hazards occur in any
season, whether during heavy snow, the rapid melting of snow in the spring that generates
rapid floods, or heavy precipitation in May–July in areas of central and eastern Europe [2].
Romania is not an exception. In this country, over the last few decades, there have been
situations when floods have caused great destruction [3]. Floods happen almost every year;
they are unpredictable, and the countermeasures are complex and expensive, requiring a
quick reaction time, specialized crews, and efficient intervention equipment. Intervention
during the occurrence of a hazard is influenced, among other factors, by the road network
(quality and density). The more modern the network, the shorter the travel time of special
vehicles and crews [4].

Also, the number of intervention centers is essential, as is the level of equipment and
training. In Romania, there are specialized detachments with sophisticated equipment and
a high intervention capacity and small, local centers with a limited intervention capacity.
The situation is complicated when the distance that the teams have to cover is significant
as a result of the reduced number of centers; when the water covers the roads, making
movement difficult or impossible; and the relief is rough (there are areas where special
vehicles cannot enter) [5].

The authority that intervenes in the event of floods is called the Inspectorate for
Emergency Situations, or the ISU [6]. Intervention plans should be developed based on
the area’s specific climate, hazard occurrence, equipment, preparation degree, and the
road network.
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Sekhar et al. [7] discuss mobility in transport and the importance of defining accessi-
bility to services and facilities. They developed an accessibility index from different urban
areas using transport resources.

Sahitya and Csrk [8] studied the decision factors required to increase intervention
capacity and improve road accessibility. Such analyses are helpful to the authorities, who
can implement and adopt specific measures in each case.

Considering this idea, the present article provides a case study of accessibility in
the case of floods in the Vărbilău basin, Romania. The crews’ travel times are analyzed
considering the road network and the intervention units’ resources (number of centers, and
their importance and proximity).

2. Study Area

The study area, the Vărbilău catchment, Romania (Figure 1), is prone to flooding. It
was studied for this analysis because of the repetition of hydrological phenomena, the
production of material damage, and the presence of various road categories from county
roads that have been modernized, where the travel speed is high, to residential or forest
roads, where the speed (especially in the latter) is reduced.
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being a small hydrographic basin. It is located at altitudes between 229 m in the south, 
near the confluence of the Vărbilău River with the Teleajen collector river, and 1481 m in 
the north [9]. The basin is framed by the Romanian Plain in the south and the Carpathian 
Mountains in the north. Most of the basin’s surface is represented by the alternation be-
tween hills and valleys, with gentle hills in the south and higher ones in the north [10]. 
The valleys are elongated, with an NW–SE arrangement in the north and center and N–S 
one in the basin’s south. The elongated shape and flat surface of the riverbeds favor 
flooding, while the steep slopes and circular shape of the sub-basins in the north favor 

Figure 1. The location of the Vărbilău catchment in Romania: (a) the location of the Vărbilău area in
Prahova County; (b) road network and settlements inside the catchment.

The Vărbilău Basin, located in Prahova County (Figure 1a), has an area of 215 km2,
being a small hydrographic basin. It is located at altitudes between 229 m in the south,
near the confluence of the Vărbilău River with the Teleajen collector river, and 1481 m in
the north [9]. The basin is framed by the Romanian Plain in the south and the Carpathian
Mountains in the north. Most of the basin’s surface is represented by the alternation
between hills and valleys, with gentle hills in the south and higher ones in the north [10].
The valleys are elongated, with an NW–SE arrangement in the north and center and N–
S one in the basin’s south. The elongated shape and flat surface of the riverbeds favor
flooding, while the steep slopes and circular shape of the sub-basins in the north favor rapid
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runoff of water on the slope [11]. Precipitation, together with the previously mentioned
elements, favors hydrological phenomena. Floods occur either in the spring after the
rapid melting of the snow, or in the months with higher precipitation, namely in May
and June [12]. Moreover, there have been recent floods in the localities of Aluniş, Bertea,
Vărbilău, and Ştefeşti, but also landslides in the Lutu Roşu area, which have destroyed the
roads and completely isolated the village.

The ISU intervention centers (emergency points) that serve this area are Ploieşti (two
centers), Câmpina, Vălenii de Munte, and Slănic (a smaller intervention center, the only
one located right in the hydrographic basin area). The population that lives here comprises
about 30,000 people [13]. The roads show a higher density in the area of the Vărbilău
commune, the town of Slănic, Dumbrăveşti, and in the Ostrovu–Aluniş area (Figure 1b).
The quality of the roads is somewhat better in the central area of these places, while towards
the periphery, it decreases, as does the density. In the mountainous north and the high hilly
areas, the density of roads is very low; they are almost non-existent.

3. Materials and Methods

Field observations, GIS (Geographic Information System) databases, and data from
the Emergency Situations Inspectorate were utilized. GIS maps were developed using
different tools from ArcMap 10.2.2. Initially, the databases were added and prepared for
processing. The road network, the essential component used in the elaboration of this study,
is line-type data, and comprises segments that have set travel speeds depending on the
road quality [14]. Based on their length and speed, it was possible to calculate travel speeds
on a road section in GIS [15]. The four intervention centers mentioned in the previous
“study area” were added as point data. The information related to them was obtained
from the Prahova Emergency Unit website (https://www.isuprahova.ro/) (accessed on
20 May 2023).

Travel time maps that take into account the time away from an emergency point were
built, taking into account the road network. The obtained results made up a polygon
database. Five time intervals were set (<10 min, 10–20 min, 20–30 min, 30–40 min, and
>40 min). They will be presented in the Results section. It should be mentioned that on three
of the travel time maps (Vălenii de Munte, Ploieşti, and Câmpina), the points represent the
entry points for the emergency teams in the hydrographic basin.

Further, the polygons were transformed into raster data (a raster is made of pixels of
different sizes; the smaller the pixel, the higher the quality) [16]. A general accessibility
map of the Vărbilău catchment for the emergency units depending on the road network
and the intervention centers was built with the help of the following formula using Raster
Calculator [16]:

R = MapS + MapC + 2 × MapV + 4 × MapP (1)

where R is the sum of the rasters of the travel time maps for each emergency point taking
into account the road network (general accessibility map), MapS is the raster for Slănic,
MapC is the raster for Câmpina, MapV is the raster for Vălenii de Munte, and MapP is the
raster for Ploieşti.

Marks were awarded to each of the five travel time intervals: 5 for <10 min, 4 for
10–20 min, 3 for 20–30 min, 4 for 30–40 min, and 5 for >40 min [17]. Depending on the
size of the intervention center, a multiplier was added to the formula [18]. No multiplier
was added to Slănic because this is a small intervention center. No multiplier was added
for Câmpina because even if there is a detachment, it is a center situated at the longest
distance from the Vărbilău basin compared to the others (20 km). Also, the distance the
team has to cross to reach the Vărbilău catchment is in a hilly and winding area, so it is
more difficult to pass. A multiplier of “2” was added to Vălenii de Munte center because
it is closer to the basin than Câmpina (only 5 km from the Varbilau basin). In the case of
Ploieşti, the multiplier “4” was added because there are two very important detachments
there (Ploieşti is the county capital) located at a distance of 12 km from the hydrographic
basin [19]. A general accessibility map was obtained after using formula values from 8 to 28.

https://www.isuprahova.ro/
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A value of 8 means a small accessibility index, while 28 means a high index value. Using
natural breaks in GIS (reclassification), five new intervals were set from 1 to 5 (Table 1).

Table 1. General accessibility value reclassification.

Intervals Reclassification

8–9 1
9–11 2

11–16 3
16–22 4
22–28 5

Through a decision factor in which conditional statements were used, the best-served
areas (the ones with under 10 min) were identified and a map was obtained [20]. Thus, the
condition was defined using the four travel maps:

Dt = Con(MapS = under 10 min, 1) and Con(MapC = under 10min, 2) and
Con(MapV = under 10 min, 3) and Con (MapP = under 10 min, 4)

(2)

where Dt is the decision factor and Con is the condition.
The condition reads as follows: If MapS has an area equivalent to “under 10 min”,

then it is given a value of 1. In this way, only the area with the value “under 10 min” is
displayed, which means time accessibility is very good. In order to include all four areas,
“and” is added between conditions. To differentiate the accessibility of each of the areas,
random values of 1, 2, 3, and 4 were added. The number of best-served settlements was
determined based on a settlement database.

The obtained maps and other results will be presented in the next chapter.

4. Results

Figure 2a shows that, from the point of view of accessibility, the best-served area
(under 10 min) by the Slănic intervention center is located in the northeast of the basin,
around the point. Figure 2b shows the area that the Câmpina center best serves. Whole
areas in the center, north, and south are poorly served due to the long distance (over
40 min). Figure 2c shows the area served by the center from Vălenii de Munte. It can be
seen that a very small zone is very well served (under 10 min). Figure 2d indicates that the
best-served area by the two intervention centers in Ploiesti is in the south. The shape of the
areas was influenced by the times required to cross a road section and the distance from
the intervention point.

The general accessibility map (Figure 3a) was obtained based on travel time maps.
The best-served areas (4 and 5) are in the south in the area of Dumbravesti due to the high
density of roads, their good quality, and the proximity to the centers of Ploieşti and Vălenii
de Munte. The moderately served areas (3) are in the central and north-eastern parts and a
few in the west as a result of the smaller importance of the intervention centers (Slănic),
the greater distance of the Câmpina center from the basin, and the lower road density in
the peripheral areas of certain localities (Slănic, Aluniş, and Vărbilău villages). The poorly
served areas (2) include the communes of Bertea and Ştefeşti, and part of the commune of
Vărbilău, the reason being the low density of the roads, the poor quality of the roads (travel
speed is thus lower), and the greater distance from the intervention centers. The mentioned
villages are located in hilly areas [21]. The least served areas, some inaccessible, include
the mountainous area in the north with very steep slopes and certain hills bordering the
Vărbilău commune to the west and east (the central area of the basin).
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Figure 3. Accessibility maps of Vărbilău catchment: (a) general accessibility index map; (b) best-
served areas according to conditional statements.

In the situation of the best-served areas in terms of travel time, depending on the
conditional statements used in the situation of the four travel time maps, Figure 3b shows
that the best-served area is the Slănic area (in orange) served by the intervention center
with the same name. This is the only town in the Vărbilău basin in which the density and
quality of the roads are relatively good.

The smallest zone of the best-served areas is represented by the one under the influence
of the center of Vălenii de Munte (in purple). This study used only time to determine the
best-served areas (those with a journey of fewer than 10 min). Table 2 indicates that in the
Slănic area, 3913 buildings are very well served, representing 18.5% of the total number of
buildings, meaning that the intervention teams from Slănic arrive at that area in less than
10 min. The area served by the Vălenii de Munte center includes only 144 buildings—0.68%
of the total number of buildings. It is important to note that the time starts from the entry
point of the teams in the Vărbilau Basin to a settlement. Besides the time inside the basin,
the crews need some extra minutes to travel from the center to the limits of the Vărbilau
catchment [22]. The same applies to the Câmpina and Ploieşti intervention centers, but not
Slănic, located inside the catchment.

Table 2. Number of buildings located in the best-served area (index 5).

Served by Buildings Served

Vălenii de Munte 144
Ploieşti 1465
Slănic 3913

Câmpina 359
Buildings in Vărbilau basin 21,145
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5. Conclusions

The capacity to intervene can be decisive in reducing the negative impact of floods
and saving lives. It can be seen that from the viewpoint of time accessibility depending on
the road network, not taking into account other factors, that the best-served areas are that
of Slănic city, a small area in the west of the hydrographic basin, and two areas in the south.

Regarding general accessibility, factors such as the proximity of ISU intervention
centers and their importance were included. Thus, it turned out that the area in the south
(Dumbrăveşti area) is the best-served, while the extreme north is the least served due to the
low density of roads and their poor quality (forest roads). In many areas, there is no way of
communicating, with the slopes being steep and the mountains being mostly forested.

The situation can be improved by establishing new centers and equipping existing
ones, such as Slănic, which is a small intervention point. Also, improving the quality of
roads and building new routes in less accessible areas can increase travel times.
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