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Abstract: The present study is part of the context in which Romania adopted the European Parliament
Directive 2007/60/EC on flood risk assessment and management. Therefore, the aim of this research
is to assess the risk induced by a hydrological hazard, expressed by a financial value estimation, for
the Turcu River in the northern sector of the Bran–Dragoslavele transcarpathian corridor (Romania),
an important tourist axis where the pressure on land has increased considerably. As a result, the intra-
village areas of Moieciu de Sus, Cheia, Moieciu de Jos, Bran and Tohanu Nou have also expanded
into areas vulnerable to flooding. There are currently no studies on the areas potentially affected
as well as the extent of the possible damage. For this reason, we proceeded to model the water
level corresponding to the maximum flow value with a probability exceeding 1%, using HEC-RAS
and ArcGIS software. The results of the implementation of the spatial analysis model resulted in
the delineation of the floodplain and the assessment of the potential financial loss related to the
minimum market value of the land with the related real estate infrastructures. The research reveals
that in the 1% band area (78.7841 ha) with water depth > 0.5 m, more than 433 infrastructures are
at high risk of flooding, most of them with high real estate value, i.e., 5.61 km of roads for which
a cost of EUR 3,402,666.90 was calculated for restoration. A knowledge of financial vulnerability to
flooding becomes important for the community; local authorities involved in making decisions for
insuring real estate at risk and planning/managing investments work to prevent/combat the effects
of flooding.

Keywords: flood risk; hydrological modeling; flood map; hazard map; financial losses

1. Introduction

Over the last 50 or 60 years or so, global warming has been increasingly felt. It has
imposed regional climate change on continents, leading to drought and desertification as
well as catastrophic floods. Floods, as periodic hazards with natural causation, have been
recorded all over the world, and Central-Eastern Europe, including Romania, has been no
exception [1–5].

Floods can become disastrous when they cause significant material damage and loss
of life [6]. In affected areas, an important step in flood risk management includes the
prevention and minimization of financial losses [7], but also the development of innovative
financial mechanisms and instruments that a central public administration can adopt in
particularly exposed regions [8,9].

Flooding has also become one of the major legislative concerns of the European Union,
and Directive 2007/60/EC [10,11] has been issued to all Member States. This refers to
the assessment and management of flood risk through the production of hazard maps
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and corresponding risk maps for areas with potentially significant vulnerability [12]. The
maps produced become an important tool for communicating flood risk to the various
public administrations involved, which are national water management authorities, civil
protection institutions, prefectures with decision-making competence for larger territories,
town halls, insurance companies, etc. [13].

In the context presented, the concerns for the realization of flood hazard maps are
based on methodologies and computational algorithms implemented in hydraulic modeling
software integrated into Geographic Information Systems (GIS), the most popular of which
are HEC-RAS, MIKE SHE and LISFLOOD-FP, which are designed for the realization of
flood belts, or for the modeling and visualization of realistic and efficient simulations
related to the flooding of major riverbeds [14–18]. The results are constituted as elaborate
and structured databases in a GIS environment. They represent the scientific foundation
supporting efforts to understand the phenomenon in depth, but also aim to mitigate
the effects of floods, in conjunction with the mitigation of material damage and human
casualties [19].

The development of hazard and flood risk maps is a complex algorithm in which
certain techniques implemented by methods, such as hydrological and hydraulic modeling,
are applied based on a set of topographic data describing the drainage channel terrain and
water discharge areas with a certain accuracy required by the type and accuracy of the
numerical terrain model [20].

The methods used for the observation of flooded or potentially flooded areas range
from in situ monitoring based on real-time images from visual sensor cameras [21–23], to
the use of satellite images [24–26], to those using digital elevation models (DEM) from
remote sensing [27–29]. In the current research, DEM has been performed by interpolating
the levelling and drainage network extracted from topographic maps at a scale of 1:25,000
using the Topo to Raster tool implemented in ArcGIS/ArcMap software 10.8.2 [30]. In
order to increase the pixel resolution and hence the detail of the resulting modeling, data
extracted from maps at a more detailed scale can also be used. Frequently used are digital
elevation models made by measurements taken with LIDAR scanning [31–33], as they
are able to generate a higher spatial resolution than numerical models obtained by the
interpolation of levelling and drainage network.

The hydraulic modeling presented in the current research was performed using the
Hydrologic Engineering Center River Analysis System (HEC-RAS) application, a free
source software [34] most commonly used in studies aimed at hazard and flood risk
mapping [35–38], and officially accepted by government agencies and developed by the
Hydrologic Engineering Center of U.S. Army Corps. HEC-RAS allows the integration of GIS
spatial databases through the HEC-GeoRAS extension belonging to the ArcGIS/ArcMap
program. Three types of hydraulic and hydrodynamic models can be used for hydraulic
modeling: one-dimensional (1D) [39,40], two-dimensional (2D) [41,42], combined
(1D/2D) [43,44] and three-dimensional (3D) [45]. For the analysis carried out in the 1% flood
band of the Turcu River (Olt basin, Romania), the 1D model could be successfully used,
which is easy to generate [46], process and use, but, compared to the other models, it has
the disadvantage of some limitations, such as the inability to simulate lateral flood wave
diffusion and vertical turbulence.

The 1D hydraulic and hydrodynamic model was chosen not only because it is com-
monly used, but also because of its efficiency in terms of processing input data on hardware
with relatively modest functional characteristics. One-dimensional modeling also remains
suitable for flood simulation because it is easy to generate and use. One of the main ad-
vantages unanimously recognized is its efficiency in terms of computation time. Another
main advantage is that the 1D model is suitable for use in morphologically well-defined
riverbeds with relatively close, bilaterally distributed terrace heads and/or slopes where
river flow and overflow do not spread significantly. Such conditions are also valid for the
Turcu mountain valley, whose floodplain is clearly delimited laterally and has a width from
50 m to 450 m, approximately.
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At the national level (Romania), the National Administration “Romanian Waters”
(A.N.A.R.) was implemented in the 2014 Directive 2007/60/EC. For the creation of hazard
maps, a group of specialists, formed at the level of A.N.A.R. and the National Institute
of Hydrology and Water Management (I.N.H.G.A.), used the results obtained within the
National Programme Plan for the Prevention, Protection and Mitigation of Flood Effects
(P.P.P.P.D.E.I.) [47,48], based on hydraulic modeling methods and using the HEC-RAS
application by constructing and exploiting the one-dimensional (1D) hydrodynamic model;
the results of simplified methods for generating flood curves were applied in areas that were
not covered by the P.P.P.D.E.I. This concerned watercourses not modeled in the P.P.P.D.E.I.,
but with relatively large catchment areas or characterized by extensive flood zones (Târnava
Mică, Teuz, etc.). It was noted that the effects of climate change were not taken into account
in the modeling and analysis that were carried out [49].

Also, at a national level, for the risk maps, the degree of risk was taken into account
according to water depth, establishing three classes (low risk < 0.5 m, medium risk 0.5–1.5 m
and high risk > 1.5 m). However, according to the developed risk matrix [49,50], four flood
risk guards were established: 0—insignificant residual risk (agricultural and other land
at the edge of settlements), 1—low risk, 2—medium risk and 3—high risk. The approach
in the current research is based on the delineation of two water depth ranges (<0.5 m
and >0.5 m) within the 1% flood belt and the intersection of their areas with the mapped
intra-urban space for the five localities crossed by the Turcu River in the belt area, in order
to delimit the risk classes: high, medium, low and residual risk. The insignificant surface of
the floodplain area >1.5 m suggested the modification made to the national approach.

The resulting national hazard and risk maps [51] were developed for three flooding
scenarios, low, medium and high probability, for peak flows with a probability of the
exceedance of 0.1%, 1% and 10% having a corresponding statistical return period once
every 1000, 100 and 10 years. For the same maps, the hydraulic modeling to define the
1% floodplain of the Turcu River was based on the value of the maximum flow with 1%
exceedance probability, Q1% = 230 m3/s, recorded at the hydrometric station (SH) of
Tohanu Nou (Brasov county) [52]. Measured at the same station, the value of the historical
maximum flow Q of 120 m3/s, recorded on 2 July 1975, is also known. For the calculation
of the flows with a certain probability of exceedance, which spatially delimit flood bands,
Bilas, co and Horváth [53] show that it may be necessary to analyze data strings measured
at hydrometric stations that represent maximum annual flow values that are subject to
frequency analysis methods in hydrology, based on equations defining statistical probability
functions [54,55].

The main purpose of the current research is to contribute to the hazard and flood risk
maps that are carried out at national level through the case study of the Turcu river sector
(20,401 m) located upstream of Tohanu Nou SH and strongly affected by the anthropic
pressure generated in the last three to four decades due to the concentration of numerous
constructions in the 1% flood area. As a result of the implementation of the study, the
national hydrological database held by ANR and I.N.H.G.A. was completed with the
information resulting from the present research. Moreover, the hazard and flood risk maps
for the Turcu River will be able to serve the local authorities involved in the elaboration of
intervention plans [56] that are as precise and efficient as possible in the case of disaster.
To the same extent, the cartographic materials produced can also support the planning–
management activity of local strategies for carrying out investment works to prevent and
combat the effects of floods.

The implementation of the study will allow, on the one hand, for the estimate of the
cost of the potential financial loss (minimum values) for the land and related real estate
infrastructure, located in the 1% flood belt of the Turcu River. In case of a flood disaster, the
amount of the estimated cost could be compensated from the state budget or from local
budgets, as an insurance fund based on the mandatory insurance policy against natural
disasters—PAD, valid in Romania.
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On the other hand, the implementation of the study will also allow for the estimate of
the cost of the potential financial loss related to the road segments intersected by the 1%
flood belt, with water depth > 0.5 m, which could be approved by the County Council of
Brasov as an insurance fund for the restoration of the public roads possibly affected.

The flood hazard and related financial loss on the Turcu River is looming as an im-
minent phenomenon. It will occur along a tourist route of local and national importance
that is intensively frequented by tourists and mainly in the Carpathian area of the Bran–
Dragoslavele Corridor (Romania).

2. Materials and Methods
2.1. Study Area

The hazard and flood risk analysis presented in the current research includes a section
of the Turcu River in the Olt river basin (Romania) with a length of 20,401 m out of
a total of 29,059.58 m, between SH Tohanu Nou (45◦33′8.679′′ N, 25◦23′0.314′′ E) and the
intra-village area of Moieciu de Sus (45◦25′23.386′′ N, 25◦21′53.774′′ E) (Figure 1). The
implementation of the one-dimensional hydrological model revealed the 1% flood belt
crossing from downstream to upstream in the villages of Tohanu Nou (part of the town of
Zărnes, ti), located in the west of the Bras, ov intramontane depression, on the lower course
of the Turcu river; Bran (commune of Bran), Moieciu de Jos, Cheia and Moieciu de Sus
(commune of Moieciu); and villages located in the area of the Bran–Dragoslavele Corridor,
on the middle course of the same river.

In the area of the mentioned intramontane corridor, the hazard and flood risk maps
of the national project were made along the Dâmbovit,a river, between the center of the
Rucăr commune and Lunca Gârt,ii village (Stoenes, ti commune). The other main fluvial
axis of the intramontane corridor is the valley of the Turcu River which gathers tributaries
from the eastern flank of the Piatra Craiului syncline, the northern slope of the Leaota
Mountains and the north-western slope of the Bucegi Mountains. This mountain valley,
with an obvious flooding potential, has, so far, not come to the attention of the specialists
who have made flood risk maps at a national scale, considering only that “not covering
an area of our country does not lead to the conclusion that the area in question cannot be
exposed to flood risk” [51].

2.2. Methodology and Database

The development of flood hazard and risk maps should show several important
elements of flood scenarios: flood extent, water surface elevation, water depth and flow at
different critical cross sections. In order to achieve the main purpose of this work, several
methodological steps have been followed (Figure 2).

The first stage consisted of delineating the 1% floodplain using the HEC-GeoRAS
extension for Esri ArcGIS v.10.8 and HEC-RAS v.5.0.7.

The numerical elevational terrain model used to build the hydrographic database and
finally the 1% floodplain was designed with a spatial resolution of 5 m and a discretization
error correction coefficient of 0.5, by interpolating the levelling and drainage network taken
from military topographic maps at a scale of 1:25,000 [57], with a contour equidistance
equal to 10 m. The interpolation method was specifically designed for the creation of hy-
drologically correct digital elevation models (DEMs) and implemented in ArcGIS/ArcMap
software that is accessible through the Topo to Raster tool. It is based on the ANUDEM
program developed by Michael Hutchinson (1988, 1989, 1996, 2000, 2011) [30].

The first sub-stage consisted of the creation of the bed geometry elements using the
HEC-GeoRAS extension for Esri Arc GIS. The hydrographic database was obtained: the
hydrographic network (Stream Centerline), the banks of the drainage channel (Bank Lines),
the 20,401-meter-long Flow Path Channel, the maximum extension of the study area (Flow
Paths Left and Right) and 139 of the cross-sectional profiles of the computational sections
(XS Cut Lines). After the creation of the attribute database, specific to both the hydrographic
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network and the cross-sectional profiles, the databases were exported from the shapefile
format (.shp) to the RAS data format, to be run and used in the HEC-RAS program.
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The second sub-stage allowed the determination of the water level in the profiles based
on the Manning equation (Q = A/n×R
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, where Q is the river flow, A—the surface of
the drainage profile, R—the hydraulic radius, S—the bed slope and n—Manning’s rough-
ness coefficient) implemented in the HEC-RAS program. The following operations were
performed to accomplish this: importing the GIS databases (obtained in the first sub-stage)
related to the riverbed geometry through the Geometric Data module; filling the tabular
database with Manning’s roughness coefficient [53,58] for each profile (for riverbed, left and
right banks/sides); performing the flow calculations and tabulating them for each profile
in the Steady Flow Data module; performing the bed slope calculations (downstream–
downstream and upstream–upstream) for the 11 sectors of the slope network, followed by
entering the results in the Steady Flow Data module window. Water level results were ob-
tained for each profile by running the hydraulic model in the Steady Flow Analysis module.

The third sub-stage allowed for the visualization of the hydraulic model results (HEC-
RAS); export of the databases from RAS format to GIS format (.shp) to be imported, run
and used in the HEC-GeoRAS extension; modeling of the 1% floodplain, resulting in vector
and corresponding raster databases.

In the second stage, a flood hazard map was produced for the Turcu River in the 1%
floodplain area, as previously defined. Within it, the hazard magnitude was established for
three ranges of water depth, according to the methodology implemented at a national level:
<0.5 m, 0.5–1.5 m and >1.5 m.

In the third stage, a flood risk map was produced based on two water depth intervals
(<0.5 m and >0.5 m) within the 1% flood belt and the intersection of their areas with the
mapped intra-urban space for the 5 localities crossed by the Turcu River in the belt area,
in order to delimit the risk classes: high—corresponding to the 1% floodplain with water
depth > 0.5 m in the intra-urban area; medium—corresponding to the 1% floodplain with
water depth < 0.5 m in the intra-urban area; low—corresponding to the 1% floodplain in the
extra-urban areas of the five localities. Residual risk means overflow into the floodplain in
the extra-village area, without causing material damage. At the national level, in accordance
with Directive 2007/60/EC, the risk level was taken into account for the flood risk maps
according to the magnitude of the hazard, establishing three classes according to the water
depth: <0.5 m, low risk, with low impact on human population, economic, socio-cultural
activities and geographical environment; 0.5–1.5 m, medium risk, with medium to high
impact; >1.5 m, high risk, with very high impact.

In the fourth step, the potential financial loss expressed in RON (Romanian Leu) and
EURO (European single currency) for roads, land and related real estate infrastructure
(mapped from recent satellite images) intersected with the 1% floodplain area was assessed.
The exchange rate communicated by the National Bank of Romania on 15 November 2022,
1 EURO = 4.9032 RON (lei), was used for the calculations.

In order to highlight the vulnerability of land and related real estate infrastructure, the
assessment of the potential financial loss (minimum values) to flooding was carried out by
going through three sub-stages of work: first—inventory of the infrastructure categories
in the 1% flood belt area by mapping them based on satellite images (16 September 2019,
27 August 2020 and 21 September 2020) available through the Google Earth Pro applica-
tion [59], corroborated with information from the Google Maps application database [60];
second—assignment of the minimum financial value (RON) [61] for all infrastructure
categories mapped in the first stage; third—calculation of the potential financial loss (mini-
mum values) to flooding for the inventoried building yards and all related infrastructure
categories, as well as the breakdown of its results into the risk classes established in the
third stage.

Three calculation formulas were used to assess the potential financial loss (minimum
values), calculated in RON. The first refers to the potential financial loss (minimum values)
for land built with residential buildings (PFcl), PFcl = Scl/1.40 × (C1 + C2)/2 + Tcc × Vmtc,
where Scl—constructed area with residential buildings (m2) and Scl/1.40 = Su (usable area,
m2); C1(2)—building type 1(2) and (C1 + C2)/2 is the average minimum value of residen-
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tial buildings (lei/m2 of Su); Tcc—land courtyard buildings = Sc (m2); Vmtc—minimum
value of land courtyard buildings (lei/m2), Tcc = Sc (lei/m2). The second, refers to the
potential financial loss (minimum values) for land built with household annexes (PFag),
PFag = Sca × (A1 + A2)/2 + Tcc × Vmtc, where Sca—built-up area with household an-
nexes (m2); Sca = Sc (built-up area, m2); A1(2)—household annex building type 1(2)
(A1 + A2)/2 is the average minimum value of household annexes (lei/m2 of Sc); Tcc—land
courtyard building = Sc (m2); Vmtc—minimum value of land courtyard building (lei/m2),
Tcc = Sc (lei/m2). The third refers to the potential financial loss (PFec) (minimum values)
for infrastructure built as spaces with economic (commercial—com. and industrial—ind.),
social-cultural (s.c.) and non-economic (a.d.) use, PFec = Sce/1.40 × Vmi + Tcc × Vmtc,
where Sce—built area with infrastructure in the categories com., ind., s.c. and a.d. (m2);
Sce/1.40 = Su (useful area, m2); Vmi—minimum value (lei/m2 of Su) of infrastructure built
as spaces with com., ind., s.c. and a.d. destination; Tcc—building yard land = Sce (building
footprint, m2); Vmtc—minimum value of building yard land (lei/m2).

The potential financial loss for road segments intersected by the 1% floodplain area
with water depth > 0.5 m was calculated as the product of the length of the potentially
affected road segments and the cost of the rehabilitation works. It was based on the
actual, known value of the reported cost price per 1 km unit, foreseen in a 2020 execution
contract [62], for some rehabilitated/upgraded county roads in Brasov County (Romania).

3. Results

The results obtained as a result of the implementation of the methodology are able
to show the extent of the vulnerability to flooding of land and related infrastructure
found in the 1% floodplain modeled for the middle-lower Turcu valley. Along this val-
ley, there is a single road artery crossing five municipalities whose settlement areas are
mainly concentrated in the major riverbed, in the vicinity or in the area of hydrological
hazard manifestations.

3.1. The 1% Floodplain and Hazard Mapping

The 1% floodplain has been defined dimensionally and spatially by performing hy-
draulic calculations based on the flow corresponding to the 1% exceedance probability
(Q1% = 230 m3/s, recorded at Tohanu Nou SH), with a statistical return period of 100 years.

The topographic data used to build the HEC-RAS one-dimensional model were mate-
rialized by a set of 139 cross-sectional profiles, of which 126 were drawn on the Turcu River,
over a length of 20,401 m (Figure 3). The average distance between cross-sections on the
Turcu River was 161.91 m. The distances between profiles depend on the sinuosity of the
river. The method of drawing cross-sections requires that where the river is straighter, the
distance between two consecutive cross-sections can be increased. In order to describe more
precisely the geometry of the main river channel, additional cross-sections were required
on the meandering sections of the river. These sections cover at least the width of the river
but also the possible flooding area.

Field observations have allowed, within the major bed along the profile drawn at
Tohanu Nou HS, the identification of relatively thick sapling thickets with rare and young
trees (Figure 4). Thus, the values of the Manning roughness coefficient (n), used for the
calculations, were taken from the range 0.040–0.080, according to the classification proposed
by Chow in 1959 [53,63].

For the flow value of 230 m3/s and “n” (Manning’s roughness coefficient) = 0.060,
the corresponding water level (h1%) in the design profile was 690.19 m absolute elevation,
2.295 m above the level of the talveg point within the section (Figure 5). The computed
elevation values for the plotted cross-sectional profiles refer to the DEM elevation, which
shows a tolerable error of about +1 m compared to the GPS measured elevations in the
talveg at the Tohanu Nou SH hydrometric sight (687.895 m on the DEM—686.889 m above
the Black Sea 1975 Constanta Height Datum, measured with GPS = +1.006 m).
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Figure 5. Highlighted water level (h1% = WS PF1 = 690.19 m) for Q1% (Total Q = 230 m3/s) in the
calculation profile of Tohanu Nou SH.

The bed roughness coefficient values are some of the more important aspects of any
hydraulic model. They help to correctly define the extent of the floodplain and the velocity
of flow in the main river channel. It is almost impossible to determine the roughness by in
situ measurements; thus, values of this coefficient are usually estimated from alternative
sources such as geological maps, pedological maps, orthophotos or satellite images [64,65].
Based on the geomorphological characteristics of the riverbed, the rock types [66] in which
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the minor riverbed is deepened and the land cover/use of the major riverbed, as well
as roughness coefficient values, were used according to the classification proposed by
Chow (Table 1). Satellite images used for the land classification and roughness coefficient
assignment were viewed using Google Earth Pro. The images, dated 16 September 2019,
27 August 2020 and 21 September 2020, covered the entire study area.

Table 1. The “n” coefficients of roughness (Te Chow, 1959).

Type of Bed Description
(Classification of Terns) Minim Normal (Used) Maxim

Minor bed of
a mountain river; bed:

gravels, rounded stones
and rare boulders

Crystalline rocks 0.030 0.048 0.050
Conglomerates and limestones 0.030 0.045 0.050

Conglomerate 0.030 0.042 0.050
Sands and gravels 0.030 0.040 0.050

Greater albia

Meadow/grassland with short grass 0.025 0.030 0.035
Meadow/high grass meadow 0.030 0.033 0.050

Arable, ploughed and unploughed areas 0.020 0.030 0.040
Mature agricultural crops sown in rows (maize) 0.025 0.035 0.045
Mature and scattered sown agricultural crops 0.030 0.040 0.050

Isolated bushes, big thick grass 0.035 0.040 0.070
Isolated bushes, rare trees 0.040 0.050 0.080

Thick bushes 0.045 0.060 0.110
Open land with felled trees and grass 0.050 0.060 0.080
Forest with straight trees, some fallen 0.080 0.100 0.120

The use of specialized software allowed for the realization of the defining elements of
the bed geometry, the calculation of the water level in the transverse potholes, as well as
the visualization of the results of the one-dimensional hydraulic model, resulting in the
vector and raster database corresponding to the 1% floodplain. The determination of the
hazard magnitude on 3 water depth intervals within the 1% floodplain was suggested by
the methodology implemented at a national level. By superimposing the thematic layers
related to intra-village areas and roads, the flood hazard map for the Turcu River was
obtained (Figures 6–8).

3.2. Evaluation of the Potential Financial Loss (Minimum Values) in Case of Flooding on the Turcu
River for the Land and Related Real Estate Infrastructure, Mapped in the 1% Floodplain

The hazard and flood risk analysis along the Turcu River, the sector located upstream
of Tohanu Nou SH, was carried out in the 1% flood belt area that crosses from downstream
to upstream of the intra-villages of Tohanu Nou (Zărnes, ti town), Bran (Bran commune),
Moieciu de Jos, Cheia and Moieciu de Sus (Moieciu commune). For the land and related
real estate infrastructure, which are vulnerable and therefore subject to hydrological haz-
ards (flooding from floods and high waters), an assessment of the potential financial loss
(minimum values) from floods was carried out. The analysis was based on an inventory of
the polygonally represented infrastructural categories (residential buildings, outbuildings,
etc.) existing in the floodplain that are identified and mapped on recent satellite images.
Thus, the area of the 1% floodplain overlapped the areas of 555 infrastructures distributed
within the administrative-territorial units, as follows. In the intra-urban area of Tohanu
Nou, the town of Zărnes, ti (Figures 9–12), 70 infrastructures were identified, including
68 residential buildings (houses, villas, guesthouses, etc.) and 2 annexes.
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In the intra-urban area of Bran, the residence of the homonymous commune
(Figures 13 and 14), 87 infrastructures were identified, including 57 residential buildings,
23 household annexes, 6 public institutions (New Orthodox Church, “Queen Mary’s Heart”
Chapel, “Sextil Pus, cariu” High School Bran—partly in the area of the strip, SRI headquar-
ters in Bran—partly in the area of the strip, Bran Police Station, “Aurel Stoian” public car
park—partly in the area of the strip) and one private commercial establishment (“Royalis”
textile laundry).

In the intra-urban area of Moieciu de Jos, residence of the Moieciu commune, 145 in-
frastructures were identified, including 130 residential buildings and 15 household annexes.
In the intra-urban area of Cheia, a village in the commune of Moieciu (Figure 15), 89 infras-
tructures were identified (57 in the t1 and 32 in the t3), including 75 residential buildings,
13 household annexes and a private industrial unit for the production of bottled mineral
water, “Izvorul Moieciu”.

In the intra-urban area of Moieciu de Sus, a village in the commune of Moieciu
(Figure 16), 139 infrastructures were identified, including 112 residential buildings, 25 house-
hold annexes and 2 public institutions (the cultural home and the Moieciu de Sus Sec-
ondary School).

In the exurban area of Tohanu Nou and Bran (Figure 13), 25 infrastructures were
identified, including 10 residential buildings, 13 household annexes and 2 commercial
establishments (restaurants “Taverna Lupilor” and “La Lupi”). It is illegal to build housing
and economic infrastructure on land outside the urban area. Therefore, in the extra-
village of Tohanu Nou and Bran, we can admit that the buildings have a building permit
attesting their allocation to the adjacent intra-village space, for the purpose of calculating
the potential financial loss (minimum values) in case of flooding.
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The distribution of the mapped infrastructure within the 1% floodplain, reclassified
by water depth intervals, is as follows: 433 infrastructures were identified in the floodplain
with water depth > 0.5 m (195 that are fully included) and 360 infrastructures were identified
in the floodplain with water depth < 0.5 m (122 that are fully included).

It was found that 238 infrastructures intersect the bands with both depth values,
and 75 infrastructures fall partially or entirely within the floodplain band with water
depth > 1.5 m.

The Turcu River, in the sector for which the 1% flood band has been created, has
an average width of less than 10 m (10.13 m width of the minor riverbed in the profile
drawn at Tohanu Nou HS). According to the Water Law 107/1996 (Annex no. 2) [67],
concerning the width of protection zones along watercourses, for watercourses less than
10 m wide, starting from the limit of the minor bed, the width of the protection zone is
5 m. By creating a buffer of 10 m width in relation to the central line of the Turcu river,
44 infrastructures were identified and partially located in the area of maximum imminent
flood risk; they were found in the intra-village areas, as follows: 32 in Moieciu de Sus, 6 in
Cheia, 2 in Moieciu de Jos, 3 in Bran and 1 in Tohanu Nou.

As a continuation of the approach, minimum values expressed in Romanian lei (RON)
were assigned for land, courtyards, residential buildings and household annexes, shown
in Table 2, as well as for commercial, industrial, social-cultural or other non-economic
infrastructure (Table 3, Table 4). The most recent minimum values are valid for 2020
and taken from “Market study on minimum values of real estate in Brasov and Covasna
counties, 2021”, Chamber of Notaries Public of Brasov [61].

Building yards (Tcc) are intra-urban plots of land which have had their category of
use changed (originally agricultural land), with or without utilities, and are intended for
the construction of buildings and outbuildings, or on which there are such buildings. The
minimum value of the land under buildings (land under buildings, outbuildings, parking
lots, etc.) will also be allocated according to the area (rural area of Brasov County) of the
land. The minimum value of a plot of land is determined on the basis of the unit value per
square meter, and expressed in lei/m2 multiplied by the surface area of the land.
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Table 2. Flood risk classes. Minimum value assignment for land with related real estate infrastructure, mapped in the 1% flood band.

Depth of Floodplain < 0.5 m
Medium Risk

Depth of Floodplain > 0.5 m
Sea Risk

Assignment of the Minimum Value for
Infrastructure Categories

No. crt. Surface of the
Flooding Strip. (ha)

Land Area
Built
(ha)

Surface of the
Flooding Strip. (ha)

Built-up Land
Area
(ha)

* Minimum Value of
the Courtyard Land

Construction
(lei/m2)
Tcc = Sc

* Val.
Minimum of

Residential Buildings
(lei/m2 of Su)
Su = Scl/1.40

* Val.
Minimum of Household

Annexes.
(lei/m2 of Sc)

1. Intra-village TOHANU NOU (town ZĂRNES, TI) C1 1 1910 A1 1 500
3.972898 0.419944 7.361291 0.649972 62 C2 2 1390 A2 2 350

2. Intra-village BRAN (commune BRAN) C1 1 1780 A1 1 360
5.220445 0.579969 15.058957 1.075532 47 C2 2 790 A2 2 208

3. Intra-village MOIECIU de JOS (commune MOIECIU) C1 1 1780 A1 1 360
10.645934 0.654739 24.681459 1.181207 47 C2 2 790 A2 2 208

4. Intra-village CHEIA trup 1 (commune MOIECIU) C1 1 1090 A1 1 280
4.087596 0.233763 9.63013 0.623916 39 C2 2 720 A2 2 128

5. Intra-village CHEIA trup 3 (commune MOIECIU) C1 1 1090 A1 1 280
1.047413 0.076728 5.280879 0.437732 39 C2 2 720 A2 2 128

6. Intra-village MOIECIU de SUS (commune MOIECIU) C1 1 1090 A1 1 280
8.35525 0.785387 16.771403 0.989368 39 C2 2 720 A2 2 128

Total
intra-village 33.329536 ha 2.75053

ha 78.784119 ha 4.957727
ha -

7. Agricultural land (pasture, meadow, arable and fruit trees/shrub plantation), small areas with forest, meadow areas, water intake of MHC Bran 1, ** residential buildings (10),
** commercial premises (2) and outbuildings (13)—in total, 25 buildings in the Tohanu Nou and Bran villages.

Total
extra-village 10.663825 ha

RISC
Low

0.975.849
ha

24.858542 ha
RISC

Low 0.454075
ha

** The construction of housing and economic infrastructure on land in the countryside is
illegal. For the extra-village area of Tohanu Nou and Bran we can admit that the buildings
have a building permit attesting their allocation to the adjacent intra-village area, for the
purpose of calculating the potential financial loss (minimum values) in case of flooding.

*—minimum values in lei (RON) in 2020, taken from “Market study on minimum values of real estate in Brasov and Covasna counties, 2021”, Chamber of Notaries Public Brasov; ** The
construction of housing and economic infrastructure on land in the countryside is illegal. For the extra-village area of Tohanu Nou and Bran we can admit that the buildings have
a building permit attesting their allo-cation to the adjacent intra-village area, for the purpose of calculating the potential financial loss (minimum values) in case of flooding; Sc—built
area (footprint of the building); Scl—built area with residential buildings; Tcc—land courtyard buildings; Su—usable area (sum of all the areas of the rooms of the dwelling) is the
built-up area (Scd) minus the area occupied by walls; 1—age 10—30 years (inclusive); 2—age 30–50 years (inclusive); C1(2)—building type 1(2); A1(2)—household annex type 1(2).
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Table 3. Evaluation of the potential financial loss (minimum values) to flooding on the Turcu River for the courtyard lands with the related residential buildings and
annexes, mapped in the 1% flood band.

Depth of Floodplain < 0.5 m
Medium Risk

Depth of Floodplain > 0.5 m
Sea Risk

Minimum Average Value for
Residential Buildings and

Household Annexes

Loss
Financial

Potential (PFcl and PFag)
(RON)

No.
crt.

Area of Land Built
with

Residential Buildings
(m2 of Su),

Su = Scl/1.40

Built-Up Land
Area with
Household

Annexes
(m2 of Sc)

Area of Land Built
with

Residential Buildings
(m2 of Su),

Su = Scl/1.40

Built-Up Land
Area with
Household

Annexes
(m2 of Sc)

Average Minimum Value of
Residential Buildings

(lei/m2 of Su)
(C1 1 + C2 2)/2,
Su = Scl/1.40

Minimum Value
Average of

Household Annexes
(lei/m2 of Sc)

(A1 1 + A2 2)/2

Min. Loss Value
Potential Finances(a and c

Residential Buildings,
b and d Household Annexes)

1. Intra-village Tohanu Nou (Town ZĂRNES, TI)
1650 425

a
13,002,410.53

b
106,251.22

4199.44 - 6281.545 218.175

2. Intra-village BRAN (commune BRAN)
1285 284

a
1,027,8681.03

b
380,650

3332.64 460 7320.42 690

3. Intra-village MOIECIU de JOS (com. MOIECIU)
1285 284

a
16,990,613.26

b
248,250

6247.39 300 11,362.07 450

4. Intra-village CHEIA (commune MOIECIU)
905 204

a
8,771,545.95

b
157,950

2844.91 260 9952.26 390

5. Intra-village MOIECIU de SUS (com. MOIECIU)
905 204

a
7,603,253.51

b
303,750

4915.32 500 6177.38 750

Total
Intra-village

21,539.7
m2

1520
m2

41,093.675
m2

2498.175
m2 -

TOTAL a
56,646,504.28

TOTAL b
1,196,851.22
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Table 3. Cont.

Depth of Floodplain < 0.5 m
Medium Risk

Depth of Floodplain > 0.5 m
Sea Risk

Minimum Average Value for
Residential Buildings and

Household Annexes

Loss
Financial

Potential (PFcl and PFag)
(RON)

No.
crt.

Area of Land Built
with

Residential Buildings
(m2 of Su),

Su = Scl/1.40

Built-Up Land
Area with
Household

Annexes
(m2 of Sc)

Area of Land Built
with

Residential Buildings
(m2 of Su),

Su = Scl/1.40

Built-Up Land
Area with
Household

Annexes
(m2 of Sc)

Average Minimum Value of
Residential Buildings

(lei/m2 of Su)
(C1 1 + C2 2)/2,
Su = Scl/1.40

Minimum Value
Average of

Household Annexes
(lei/m2 of Sc)

(A1 1 + A2 2)/2

Min. Loss Value
Potential Finances(a and c

Residential Buildings,
b and d Household Annexes)

6. MIC RISK—MHC Bran 1 water outlet, ** residential buildings (10) and
household annexes (13) located in the outlying areas of Tohanu Nou and Bran villages

TOTAL
(a + b)

57,843,355.5

Extra-villageTohanu Nou 283.16 248.28 1833.86 517.51 1650 425

c
2,626,314.52

d
372,939.73

Extra-village.
Bran 742.55 32.44 748.2 870.17 1285 284

c
1,438,360.78

d
298,763.91

Total
extra-village (residential
buildings + household

annexes)

1025.71
m2

280.72
m2

2582.06
m2

1387.68
m2

** We accept the minimum land values for the
construction yards: Tohanu Nou, 62 lei/m2 and Bran,
47 lei/m2, for the purpose of calculating the potential
financial loss (minimum values) in case of flooding.

TOTAL
(c + d)

4,736,378.94

**—idem Table 2; Sc—built-up area (footprint of the building); Scl—built-up area with residential buildings; Su—useful area; 1—age 10—30 years (inclusive); 2—age 30–50 years
(inclusive); C1(2)—building type 1(2); A1(2)—household annex type 1(2).
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Table 4. Evaluation of the potential financial loss (minimum values) to flooding on the Turcu River for land and related real estate infrastructure, built as commercial,
industrial, social-cultural, or other non-economic use, mapped in the 1% floodplain (Figure 12).

Crt. No.

Commercial (com.), Industrial (ind.),
Social-Cultural (s.c.) and Non-Economic
(a.d.) Premises Located within or outside

Urban Areas

Area of the Building
Located in the Flood Plain

1%
(m2 of Sce)

* Minimum Value of
land Yards Buildings

(lei/m2)
Tcc = Sce

* Minimum Value of Infrastructure
(Vmi) Built as Commercial,

Industrial, Commercial and a.d.
Premises.

(lei/m2 of Su)

Loss
Financial

Potential (PFec,
min. Value)

(RON and EURO)

1. “Royalis” textile laundry
(com.—intrav. Bran) 244.41 47 1160 213,998.41 R

2. Restaurant “Taverna Lupilor”
(com.—** extrav. Bran) 571.01 47 1160 499,960.04 R

3. Restaurant “La Lupi”
(com.—** extrav. Bran) 111.67 47 1160 97,775.06 R

4. Bottling mineral water “Izvorul Moieciu”
(ind.—intrav. Full) 274.22 39 450 98,836.72 R

5. New Orthodox Church
(s.c.—intrav. Bran) 349.98 47 580 161,490.77 R

6. Chapel “Heart of Queen Mary”
(s.c.—intrav. Bran) 32.47 47 580 14,977.94 R

7. “Sextil Puscariu” High School
(s.c.—intrav. Bran) 560.38 47 580 258,495.28 R

8. Cultural Centre
(s.c.—intrav. Moieciu de Sus) 521.4 39 580 236,343.17 R

9. Gymn. Moieciu de Sus
(s.c.—intrav. Moieciu de Sus) 190.85 39 580 86,509.57 R

10. SRI Headquarters
(a.d.—intrav. Bran) 256.37 47 580 118,259.81 R

11. Bran Police Station
(a.d.—intrav. Bran) 295.55 47 580 136,332.99 R

12. Aurel Stoian” public parking lot
(a.d.—intrav. Bran) 3012.79 47 580 (lei/m2 of Sc) 1,889,019.33 R

13. MHC Bran 1 water intake
(a.d.—extrav. Bran) 8340.39 extravital

pasture: 1.11 580 (lei/m2 of Sc) 4,846,684.03 R

Total 14,761.49 - - 8,658,683.12 R =
1,765,924.93 E

*—idem Table 2; **—idem Table 2; Sce—built-up area with infrastructure from the categories com., ind., s.c. and a.d. (footprint of the building/construction); Tcc—building yard land;
Su—useful area (sum of all the areas of the rooms of the dwelling) is the developed built-up area (Scd) minus the area occupied by walls.
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Residential buildings (houses, villas, guesthouses, etc.) are classified according to their
location in urban or rural localities, according to urban planning zones within municipalities
and towns (A, B, C and D); they are subject to the existence of and access to roads and
utility networks. Depending on the type of construction, they can be: C1—building with
reinforced concrete frames or with external walls made of burnt brick or any other material
resulting from thermal and/or chemical treatment; C2—building with external walls made
of wood, natural stone, unburnt brick, brickwork or any other material not subject to
thermal and/or chemical treatment. The final criteria for classification are the years of
construction (from 10 to 30 years old and from 30 to 50 years old) and the average level
of finish. The minimum value of residential buildings located in rural areas of Brasov
County will be established on the basis of the estimated minimum values per square meter
of usable floor area (Su). If the value is not known, according to the specifications of the
Romanian Tax Code in force, Su = Scl/1.40, where Scl is the area (m2) built with residential
buildings. It should also be noted that the useful floor area (Sud) represents the sum of all
the useful floor areas of the building levels.

Household annexes include: garages, summer kitchens, stables with lofts, huts, sheds
(crosnie—shed attached to the house, under the roof extension), sheds (polate), storerooms
and others that are being built according to the type of construction (A1 and A2, as well as
C1 and C2). In the case of outbuildings, the built-up area (Sc) representing the footprint
area of the building/annex should be used.

Minimum value of premises for economic use located in rural areas of Brasov County:
commercial premises (e.g., “Royalis” textile laundry in Bran and “Taverna Lupilor” and “La
Lupi” restaurants in Bran–Tohanu Nou) = 1160 lei/m2 of usable floor area (Su), industrial
premises (e.g., “Izvorul Moieciu” bottled mineral water production unit) = 450 lei/m2 of
built-up area (Scd). The total floor area is the sum of the areas of all levels of the building,
including balconies, loggias or those located in the basement or attic, excluding the areas of
attics not used as dwellings, staircases and uncovered terraces.

The minimum value of premises with social-cultural use (churches, cultural home
and schools) or other than economic use (SRI headquarters in Bran, Bran Police Station,
“Aurel Stoian” public car park and the water intake of the Bran 1 micro-hydroelectric plant),
located in the rural area of Brasov County, is reduced by 50% compared to the value of
commercial premises corresponding to the urban area (1160/2 = 580 lei/m2 of usable area).

The final step of the approach consisted in calculating the potential financial loss
(minimum values) due to floods for the land and related real estate infrastructure in the
intra-urban and extra-urban areas of Tohanu Nou, Bran, Moieciu de Jos, Cheia and Moieciu
de Sus, all of which are in the 1% floodplain (Tables 3 and 4, and Figures 10 and 11).

The magnitude of the natural flood hazard, plotted against the range of water depths,
led to the establishment of three risk classes: high, medium and low (Table 2), plus the
residual risk. Within the three classes, the potential financial loss (minimum values) was
also calculated for the land yards, buildings and related real estate infrastructure.

The high-risk class corresponding to the 1% flood belt with water depth > 0.5 m
of the intra-urban space of the five municipalities (78.784119 ha), of which 4.957727 ha
(Figure 9) are built-up areas, predominantly with residential buildings and annexes, public
institutions and infrastructure with economic use (two). The difference of 73.826392 ha is
the area of agricultural land with the categories of use: pasture, meadow, arable and fruit
trees/shrub plantation.

The medium-risk class corresponding to the 1% flood belt with water depth < 0.5 m
of the intra-urban space of the five municipalities (33.329536 ha), of which 2.75053 ha are
built-up land areas, predominantly with residential buildings and outbuildings, plus some
public institutions; the difference of 30.579006 ha is the area of intra-urban agricultural land
with the categories of use: pasture, meadow, arable and fruit trees/shrub plantation.

The potential financial loss (minimum values) for land and related building in-
frastructure in the high- and medium-risk classes is as follows: residential buildings,
56,646,504.28 lei (11,552,966.28 euro); household annexes, 1,196,851.22 lei (244,095.94 euro);
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public institutions, 2,901,428.86 lei (591,741.89 euro). The potential financial loss (minimum
values) for infrastructure with economic use in the high-risk class area is 312,835.13 lei
(63,802.23 euro). Therefore, the total potential financial loss (minimum values) for the land
courtyard buildings and related real estate infrastructure, mapped in the area of the high-
and medium-risk classes, is 61,057,619.49 lei (12,452,606.35 euro).

The low-risk class corresponding to the 1% flood belt is on the land outside the five mu-
nicipalities (35.539844 ha). It was calculated by subtracting the residual risk areas from the
sum of 10.663825 ha (agricultural extra-urban land in the floodplain with depth < 0.5 m) +
24.858542 ha (agricultural extra-urban land in the floodplain with depth > 0.5 m). Within
the floodplain area, 16 areas were identified in the extra-village land, of which 5 areas were
classified as low risk, and the other 11 were classified as residual risk.

The low-risk class included: agricultural extra-village land, two areas (grassland,
meadow, arable and fruit trees/shrub plantation); area corresponding to the water in-
take (water surface) of the Bran 1 microhydropower plant (under conservation); areas
(two) including segments of DN 73F located along the Turcu river gorge (between Cheia
trup 1—Cheia trup 3 and Cheia trup 3—Moieciu de Sus); residential buildings (ten); in-
frastructure for economic use (two restaurants) and household annexes (thirteen). The
25 constructions in the extra-village of Tohanu Nou and Bran could be illegal only if they are
not registered with a building permit attesting their allocation to the adjacent intra-village
space. They are found in the band with water depth > 0.5 m (0.454075 ha) and in the band
with water depth < 0.5 m (0.975849 ha).

The potential financial loss (minimum values) for land, buildings and related real estate
infrastructure, classified in the low-risk class area, is 10,180,798.07 lei (2,076,357.9 euro).

Residual risk means overflowing into the floodplain in the extra-village, without
causing material damage. The potentially affected area measures 1.982523 ha, which is the
sum of the 11 areas (floodplain and small forested areas) classified with this risk category
in the 1% floodplain area.

3.3. Assessment of Potential Financial Loss Due to Flooding on the Turcu River for Road Segments
Crossed by the 1% Floodplain and Water Depth > 0.5 m

Roads along the Turcu Valley partially intersect the 1% floodplain. Those road seg-
ments are susceptible to erosional degradation triggered by floods and high water on
the Turcu River and under the overflow conditions dictated by Q1% = 230 m3/s (Tohanu
Nou HS).

The following abbreviations have been used for roads at risk of flooding: DC—municipal
road, DJ—county road, DN—national road and DNE—European national road. In the
study area, their dimensional characteristics are: DN 73 (E 574), with a measured length of
10,077.58 m, between the center of Tohanu Nou and its exit from the intra-urban area of
Moieciu de Jos (between the intersection with DJ 112H and the intersection with DN 73F
and measuring 3219.36 m)—DN 73F has a total length of 8445.05 m, between the intersection
with DNE 73 and the intersection between DC 56 (along the Stăncioiu valley) and DC 53
(along the Băngăleasa valley); DJ 112H, with a total length of 7838.49 m. It connects at
Predelut, between Zărnes, ti and Bran (junction with DNE 73); DC 53 is a two-lane municipal
road. It has a total length of 4182.47 m and a width of 5.50 m, and is completely asphalted.

In the case study, the potential financial loss is expressed as the cost of rehabilitation
works (full restoration and/or capital repairs and/or restoration) as set out in the contract,
which can be expressed as a unit value in RON per 1 km of DC, DJ, DN or DNE subject to
degradation through erosion by the Turcu River at the overflow dictated by the flow value
of Q1% = 230 m3/s. The cost of these works can also be calculated for units of surface area
(m2) of the roadbed, including the carriageway and the shoulder.

Knowing the indicative cost information for 1 linear km of a rehabilitated/modernized
county road in Brasov county (2,722,974.1 lei/km, equivalent to 555,346.32 euro/km, in May
2020) [62] (argument 1), the fact that the width of the roadbed, implicitly of the carriageway
part, differs according to the type of road at the time it was built (argument 2), and the fact
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that the thickness of the asphalt (especially of the wearing course) also differs according to
the type of road (argument 3); we conclude that the price of rehabilitation in the event of
a disaster, based on 1 linear kilometer of road, also differs according to its type: DC, DJ,
DN or DNE.

In Table 5, the value of the cost of works (2,722,974.1 lei/km) for a rehabilitated/
modernized county road was taken from the above-mentioned source, and the values of
the cost of similar works for the potentially risky segments of the DNE, DN and DC were
expressed by a percentage approximation based on the dimensional criteria of the type of
road, starting from the value of the cost of works for 1 km of DJ, according to argument
(1) expressed above, and also taking into account the arguments numbered (2) and (3).
The percentage approximation is shown in the fifth column of Table 5. Thus, the potential
financial loss was calculated as the product of the length of road potentially affected (km)
and the cost of rehabilitation works (RON/km).

Table 5. Assessment of potential financial loss to flooding on the Turcu River for in-stream road
segments with 1% floodplain and water depth > 0.5 m.

Potential Financial Loss from Flooding on the Turcu River for Road Segments
Intersected by 1% Floodplain and Water Depth > 0.5 m

1 2 3 4 5 6

Type and
the Callsign

Width
Platform
= pc + a

(m)

Length of Road
Potentially
Affected

(km)

Road Surface
Potentially

Affected (m2)
(2 × 3)

Cost of Rehabilitation
Works (lei/km)

Loss
Financial
Potential

(RON and EURO)
(3 × 5)

NED 73 8.3 + 2.2 = 10.5 0.42571 4469.955 2,722,974.1 + 40% ** 1,622,876.22 R
DN 73F 2 7 + 2 = 9 3.44538 31,008.42 2,722,974.1 + 20% ** 11,258,016.6 R
DN 73F 1 6.5 + 2 = 8.5 0.27437 2332.145 2,722,974.1 + 10% * 821,812.64 R
DJ 112H 6 + 2 = 8 0.23005 1840.4 2,722,974.1 * 626,420.19 R
DC 53 4.35 + 2.15 = 6.5 1.23543 8030.295 2,722,974.1–30% ** 2,354,830.72 R

Total 5.61094 47,681.215 - 16,683,956.37 R =
3,402,666.90 E

pc—carriageway; a—shoulder; 1—Moieciu de Sus and Cheia; 2—Moieciu de Jos; *—cost value of rehabilita-
tion/modernization works taken from http://litera9.com (accessed on 3 April 2023), valid for DJ 112H; **—cost
value of rehabilitation/modernization works approximated as a percentage based on the dimensional criteria of
the road type.

4. Discussion

The pressure on land related to economic activities in the intra-urban areas of the
localities developed along the Turcu valley has increased considerably over the last three to
four decades, in the absence of administrative restrictions.

The flood risk for land and related real estate infrastructure located in the intra-
urban or extra-urban areas of the localities crossed by the Turcu River, mapped in the
1% floodplain, can be perceived by understanding the concept of the vulnerability of the
identified real estate categories. They could come into contact with the erosive force of
the liquid and solid flow or with the impact force generated by the projected objects. The
mentioned forces are conditioned by the morphology of the drainage bed, the arrangement
of the obstacles built on the flow direction, the size of the flow, the depth (Figures 6–8) and
the velocity generated by the overflowing stream during flooding (the velocity of water
movement in the floodplain area has been calculated but not used in the present analysis).

The total amount of potential financial loss (minimum values) for the land and related
real estate infrastructure, mapped in the 1% flood belt area of the Turcu River, is the sum
of the values obtained for the calculation of the potential financial loss in the areas of the
three risk classes: 61,057,619.49 lei (value of the high-risk class + value of the medium-
risk class) + 10,180,798.07 lei (value of the low-risk class) = 71,238,417.56 lei, equivalent

http://litera9.com
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to 14,528,964.26 euro. The financial value obtained was reduced by the value attributed
to the household annexes (1,864,554.86 lei) which are not insured by the compulsory
natural disaster policy (PAD) [68]. The resulting amount is set aside as a reserve fund
in the state and/or local budgets to compensate owners insured by the PAD. Therefore,
the total amount of potential financial loss (71,238,417.56 lei)—the amount of potential
financial loss attributed to household annexes (1,864,554.86 lei) = the PAD insurance fund,
(69,373,862.7 lei, equivalent to 14,148,691.2 euro). The fund can be constituted as a financial
reserve in the state budget and/or local budgets for the compensation of owners insured
by PAD for flood damage.

Insurance against natural disasters is mandatory in Romania, according to Law
260/2008 [69,70]. However, compulsory insurance only covers partial compensation,
decided by the insurer after analysis by the damage assessment committee. The amount
of compensation will be calculated at the minimum market value of the land and related
real estate infrastructure (dwellings registered with the tax authorities), located in the 1%
floodplain and possibly affected by severe floods.

We believe that the usefulness of the thematic maps and layers produced in the current
research also lies in the support it can provide to insurance firms in making decisions to
engage or not engage in offering voluntary insurance policies [71,72]. These decisions can
be based on the hazard magnitude criterion (water depth) and the position in the flood
band of the property to be assessed. The maps produced can also become useful tools in
making voluntary insurance decisions for land and real estate infrastructure at the risk of
flooding for the population owning properties located in risk areas [73].

The road segments at major risk of degradation due to the mechanical action of water
loaded with silt when the river overflows are those resulting from the intersection of the
above-mentioned traffic arteries with the 1% flood plain whose depth exceeds 0.5 m. Thus,
on the flood risk map, from upstream to downstream, on the course of the river and the
Turcu valley, vulnerable segments are distinguished. Within the village of Moieciu de Sus
(sector “uluc de valle”), DC 53 crosses the Turcu river twice (two bridges) and is in the
flood belt for a length of 1235.43 m (29.53% of the total length of the municipal road). In its
extension, in the same village, DN 73 F crosses the Turcu river three times (three bridges)
and is in the flood belt for a length of 758.6 m. In the extra-village area between Moieciu de
Sus and Cheia trup 3 (narrow valley sector, gorge type), the DN 73F crosses the floodplain
over a length of 928.7 m, and in the intra-village area of Cheia trup 3, located in a small
basin where the Grădis, tei and Turcu valleys meet, the same road crosses the floodplain over
a length of 468.76 m. In the extra-village of Cheia, between bodies t3 and t1, the narrow
sector of the key valley (Cheile Grădis, tei in Colt,ului Cheii) is highlighted, where the DN
73F road follows almost parallel to the course of the river, the length of the intersection
with the floodplain area being 112.45 m. Further on, the road runs through the village of
Cheia body 1, where it closely follows the course of the river, as the valley continues to
be relatively narrow in the southern half of the crossed administrative territorial entity,
so that the length of the intersection with the floodplain is 1176.87 m. Downstream, in
the intra-village of Moieciu de Jos, the wide valley sector allowed the construction of the
DN 73F infrastructure at a safe distance from the course of the Turcu river and its possible
overflow territories, so that the portion of road intersected with the flood belt is only
274.37 m. It can be observed that out of the total length of 8445.05 m of DN 73 F, the flood
risk map for a flow rate Q1% = 230 m3/s shows road segments with a high-risk potential to
this hazard, measuring a total length of 3719.75 m (44.04% of the length of this road).

The risk map also reveals the high vulnerability of the DN 73 (E 574) on the segment
between the junction with DJ 112H and the junction with DN 73F. Several particular aspects
stand out. Within the village of Moieciu de Jos (north-eastern third), immediately upstream
of the confluence with the Sbârcioara River, where the Turcu River and its flood belt
crosses the DNE 73 for a length of 113.89 m, there is a segment of road with very high
vulnerability under the studied hazard conditions. The consequences with major damaging
potential could be materialized by the temporary blocking of the only communication
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route (transport and supply) with and between Moieciu de Jos (2222 loc./year 2011), Cheia
(488 loc./year 2011) and Moieciu de Sus (1001 loc./This could cause serious disruption
to transport and supply activities, but also to the tourist flow on this traditional tourist
axis, of local and national importance, intensely frequented, included in the area of the
Bran–Dragoslavele Corridor.

Three other segments with major flood risk potential have been identified in the urban
area of Bran. Two of these segments with high vulnerability were partially addressed by
works undertaken in 2020 (Figures 17–20), which aimed at regularizing the drainage of the
minor riverbed (works continued until 2022) and strengthening the right bank of the Turcu
river from the DNE 73 road. The third segment with high vulnerability measures 230.05 m
and is highlighted on the risk map at the intersection of DJ 112H with the Turcu river, at
the entrance to Predelut, village, from Bran.
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Figure 17. Turcu River at the confluence with the Simon River, with works completed in
2020 for the restoration of the riverbed conveyance capacity and construction of flood defense
infrastructure—tangent gabions with DNE 73.

The potential financial loss was calculated as the product of the length of the potentially
affected road segments (km) and the cost of the rehabilitation works (RON/km). The total
amount calculated (indicative and expressed as the value of the Romanian leu on the market
on 15 November 2022) for the road segments potentially degraded (5.61094 km) by erosion
exerted by the Turcu river at the overflow dictated by Q1% (230 m3/s at Tohanu Nou HS)
is 16,683,956.37 lei, equivalent to 3,402,666.90 euro. This financial value is only part of the
total amount that could be approved by the County Council of Brasov as an insurance
fund for the restoration of public roads that may be affected in the flooding area of the
Turcu River.

Bran, Moieciu de Jos, Cheia and Moieciu de Sus are part of an axis of intense traffic
along the river and the Turcu valley, to and from places with tourist attraction and activity,
belonging to the mountain sub-unit of the Bran–Dragoslavele Corridor. The only traffic
route along the mentioned localities are the public roads DNE 73, DN 73F and DC 53,
and the present study shows that the last two arteries have a major flood risk potential,
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materialized by a total of 4.95518 km of road segments possibly degraded by the mechanical
action of water loaded with sediments when the Turcu River overflows.
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Figure 18. Turcu River at the confluence with the Shimon River (23 August 2020)—reinforcement of
the right bank with gabions arranged in three steps over a length of 50 m at DNE 73.
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5. Conclusions

The current research is an in-depth study at the local level, which focused on the
floodplain of the Turcu River, a third-order tributary of the Danube River, partly included
in the area of the Bran–Dragoslavele transcarpathian corridor. The present study contributes
to the research, on the one hand, by completing the national hydrological database held
by ANR and IHNGA. On the other hand, by producing hazard and flood risk maps, it has
been possible to cover an area along an axis of particular tourist relevance. At the same
time, the research area addressed in this study was not included in the maps published
at a national level, which are accessible and viewable within the portal presented online
by the A.N.A.R. We anticipate, however, that the overflow of the Turcu River at a Q1%
flow of 230 m3/s, almost double compared to the historical maximum of 1975 (120 m3/s),
could cause significant material damage under increasing anthropic pressure, visible in
the increased concentration of buildings constructed in the 1% floodplain area in the last
30–40 years. Note that the effects of climate change have not been taken into account for
the hydraulic modeling in the present research.

The natural flood hazard map, which was produced by defining the ranges of water
depth values in the 1% floodplain, led, in a later stage, to the flood risk map, in which
three risk classes (high, medium and low) were drawn up, to which the residual risk was
added. Within the three classes, the potential financial loss (minimum values) to flooding
was calculated for land and related real estate infrastructure (over 555 infrastructures
identified on recent satellite images) that was located in the intra-urban or extra-urban
areas of the localities crossed by the Turcu River and mapped in the 1% flood band. The
risk was therefore perceived through an understanding of the concept of vulnerability of
the courtyard land and the real estate infrastructure on their surface.

Concerning the vulnerability of the road infrastructure, we point out that the only road
along Bran, Moieciu de Jos, Cheia and Moieciu de Sus are the public roads DNE 73, DN
73F and DC 53. The present study highlights the fact that the last two arteries have a major
flood risk potential, materialized by a total of 4.95518 km of road segments that could be
degraded by the mechanical action of water loaded with sediments, in case of the overflow
of the Turcu river. The observations made on the flood risk map clearly highlight the
segments vulnerable to the hydrological hazard that is inscribed on the intensely circulated
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tourist axis; with a particular tourist attractiveness, it is carried out between the mentioned
localities along the Turcu valley.

The County Council of Brasov and the Local Councils could use the useful information
from the current research, especially those contained in the cartographic materials, in
order to draw up more precise intervention plans, useful for the County Inspectorate of
Gendarmes “Nicolae Titulescu” Brasov, the County Committee of Brasov and the Local
Committees organized for emergency situations. We believe that the intervention plans
should be carried out thoroughly and rigorously, because observations from the current
research show that in case of a severe flood disaster in the Turcu valley bed, the major
problem related to the imminent temporary blocking of the only road communication
route (DN 73F—for transport and supply) allowing the connection between the localities of
Moieciu de Jos, Cheia and Moieciu de Sus and positioned linearly on the upper course of
the studied valley, should be analyzed and solved.

The risk maps developed in this study can also support the planning–management
activity for carrying out investment works for the prevention and combating of the effects
of floods, which are the responsibility of the Brasov County Council. At the same time,
these maps can be an important working tool for the realization of different local plans and
strategies in fields such as: land use planning, urban planning, flood risk management,
public information, etc.

In the future, the increase in spatial resolution, the accuracy of the 1% floodplain extent
and the quality of detail of the hazard and risk maps can be improved by using DEMs
obtained from leveling and the network of talus extracted from 1:5000 scale topographic
maps, or DEMs obtained from scanning the targeted land surface using a drone-mounted
LIDAR sensor.
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