Revista Brasileira de Recursos Hidricos
Brazilian Journal of Water Resources
Versdo On-line ISSN 2318-0331

RBRH, Porto Alegre, v. 25, e41, 2020
Scientific/Technical Article

https://doi.org/10.1590/2318-0331.252020190179

Floodplain reconstitution based on data collected via smartphones: a methodological
approach to hydrological risk mapping

Reconstituicio de manchas de inundacio baseada em dados coletados via smartphones: uma
abordagem metodolégica para o mapeamento de riscos hidrologicos

Ayane Aparecida da Silva Ribeiro' (0, Gabriel Araujo de Oliveira® (0, José Almir Cirilo' @,
Fellipe Henrique Borba Alves® (), Larissa Ferreira David Romao Batista® (), Vitor Barbosa Melo?

"Universidade Federal de Pernambuco, Caruaru, PE, Brasil
*Universidade Federal de Pernambuco, Recife, PE, Brasil

E-mails: ayaneribeiro.50@gmail.com (AASR), goliveira.utb@gmail.com (GAO), almir.citilo@gmail.com (JAC), fellipehba@hotmail.com (FHBA),
larissafbatista@gmail.com (LFDRB), vitorbarbosamelo@hotmail.com (VBM)

Received: December 04, 2019 — Revised: June 10, 2020 — Accepted: June 13, 2020.

ABSTRACT

The present study aimed to investigate the use of mobile applications on smartphones, specifically the Hidromapp application,
as a technical support tool for flood data collection, as well as its use in flood mapping. To this end, information about a flood
event of May 2017 was collected in the municipality of Jaqueira-Pernambuco, using smartphones and the Hidromapp application.
Information was later used as input data for modeling and floodplain reconstitution. The study used geoprocessing techniques
and a high-resolution Digital Terrain Model (Pernambuco Tridimensional - PE3D). For result evaluation, the reconstituted
floodplain was compared with hydrodynamic modeling results using statistical indicators (RMSE and Critical Success Index
- C). The app presented a good performance as a support tool for field collection of floodmark data. The applied method
allowed a partially adequate estimation of the reconstituted event, in which the flooded area (extension) showed a high degree
of similarity with the compared model, but with caveats for water surface elevations, where considerable discrepancies were
detected in some points of the study area.

Keywords: Flood risk map; LiDAR; Hidromapp; Interpolation.

RESUMO

O presente estudo buscou investigar a utilizacdo de aplicativos moveis em smartphones, especificamente o aplicativo Hidromapp,
como ferramenta técnica de suporte para a coleta de marcas de cheia, incluindo também a aplica¢do dos dados coletados no
mapeamento de areas de inundagdo. Para tal, no municipio de Jaqueira-Pernambuco, foram coletadas em campo informagoes
sobre a inundagao ocorrida em maio de 2017, utilizando smartphones e o aplicativo Hiromapp. As informacdes foram
posteriormente utilizadas como dados de entrada para a modelagem e reconstituigdo da mancha de inundagdo, por meio de
técnicas de geoprocessamento e Modelo Digital de Terreno de alta resolucao (Pernambuco Tridimensional — PE3D). Para a
avaliacdo dos resultados, a mancha de inundagio reconstituida foi comparada com resultados de modelagem hidrodindmica, a
partir de indicadores estatisticos (RMSE e Indice de Sucesso Critico - C). Além disso, foram observados aspectos relacionados
ao desempenho do aplicativo Hidromapp enquanto ferramenta de suporte para a coleta em campo de marcas de cheia. Como
resultados, o aplicativo demonstrou bom desempenho para a coleta de dados em campo, e o método aplicado possibilitou uma
estimativa parcialmente adequada do evento reconstituido, em que a area (extensio) da inundag¢io apresentou alto grau de
similaridade com o modelo comparado, porém com ressalvas para as profundidades da lamina d’agua, em que foram detectadas
discrepancias consideraveis em alguns pontos da area de estudo.

Palavras-chave: Mapa de risco de inundag¢oes; LIDAR; Hidromapp; Interpolacio.
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INTRODUCTION

Floods are older than humankind is, since they are natural
river phenomena and inherent part of any watercourse hydrological
cycle. However, anthropogenic occupation along river basins can
occur without proper planning, so that when occupying floodplains,
it is common for the population to cope with disasters related to
floods and flash floods (Tucci, 2007).

To reduce potential damage caused by extreme hydrological
events, maps of flood-prone areas are essential tools at all stages
of risk and disaster management, contributing to the planning
and implementation of prevention, mitigation, preparation, and
response actions. Shidawara (1999) and Kobiyama et al. (2006)
mention that flood maps are even more indispensable in regions
with no resources to implement forecasting and warning systems.

Although in Brazil, about 9,000 occurrences of hydrological
disasters were recorded between 1995 and 2014 (Universidade
Federal de Santa Catarina, 2016), many municipalities at risk do
not have flood maps. The difficulties of cities usually occur due
to the lack of professional staff, lack of instruments generally
used in field surveys, or even the economic fragility, in which
the scarcity of resources makes it impossible to hire specialized
technical services.

For the elaboration of flood maps, traditionally hydraulic
and hydrodynamic models have been used. These models allow
the performance of numerical simulations in a computational
environment, and consequently, floodplains delimitation referring
to past events and simulation of hypothetical scenarios (Ribeiro
Neto et al., 2015; Komi et al., 2017; Teng et al., 2017; Fadel et al.,
2018). In parallel, methodologies for floodplain mapping based on
GIS multicriteria analysis have also been presented in the literature,
that encompasses physical-environmental aspects of the study
area, such as altimetry, slope, distance from water bodies, soil type,
and other related variables (Nardi et al., 2006; Magalhies et al.,
2011; Nobre et al., 2011; Manfreda et al., 2014; Momo et al., 2016;
Goerl et al., , 2017; Jafarzadegan & Merwade, 2017).

Considering the intrinsic complexity in both methods,
Kobiyama et al. (2000, p.33) point out floodplain reconstitution
through field data as a simplified alternative, classified by the
authors as empirical methodology. This method is based on
mapping locations affected by flood events, including a water
surface elevation survey, thus allowing floodplain delineation on
an analogous cartographic base (printed), or digitally in a GIS
environment.

Compared with hydraulic models and multicriteria analysis
methods, it can be observed that the empirical methodology is
simplified and can be easily replicated for the reconstitution of
past events. Floodplain analysis made by geoprocessing techniques
applied in Digital Elevation Models (DEM) has promoted
advantages for regions that lack hydrological data, and for large
hydrographic basins. This is motivated mainly by advances in high
spatial resolution survey and by the availability of free topographic
data with moderate quality (Nardi et al., 2006; Manfreda et al.,
2014; Jafarzadegan & Merwade, 2017).

However, it is still necessary to consider the availability of
equipment for field surveys, such as Global Navigation Satellite
System (GNSS) receivers, total stations, and other tools that allow
georeferenced data collection, and a qualified technical staff for
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its operation. In this last aspect, smartphones improvement and
popularization have enabled the development of mobile apps
focused on technical and scientific functions. Applications for
the most diverse purposes, developed specifically for technical
ends, as can be seen in Liithi Beat et al. (2014), Bartlett et al.
(2015), Ho et al. (2016), Maeda et al. (2016), Hussain et al. (2017),
Fernandes et al. (2018) and Harfouche et al. (2019).

Thus, with planimetric positional accuracy that can vary
between 5 and 20 meters, smartphones stand as an alternative for
performing georeferenced information field surveys (Oliveira et al.,
2019). Besides presenting equivalent or even superior performance
to GNSS navigation receivers, its operation does not require
specific technical knowledge, and it is currently a tool available to
70% of the Brazilian population (Instituto Brasileiro de Geografia
¢ Estatistica, 2017).

Especially in the last decade, the development of location-
based mobile applications, focused on risk and disaster management,
has been driven. Among these, collaborative initiatives stand out,
covering concepts of crowdsourcing, collaborative mapping,
voluntary geographical information and citizen science (Alfonso etal.,
2010; Hirata et al., 2015; Horita et al., 2015; Le Coz et al., 2016;
Assumpcao et al., 2018; Seibert et al., 2019). As they are systems
designed for the most diverse user profiles, regardless of their
level of education, collaborative apps have driven the development
of easy-to-use systems. With intuitive interfaces and free use,
they contribute considerably to the collection of georeferenced
information.

At the same time, these collaborative platforms can be
constituted as technical tools for data collection, considering their
use by professionals to collect information in the field. In many
cases, small municipalities do not have equipment for mapping
information, such as GNSS receivers, so that mobile applications
can become efficient alternative tools, given their ease of use and
the broad access of the population to smartphones.

In this context, the present study aims to explore the
applicability of smartphones and a mobile app as a technical
support tool for georeferenced flood data collection and to
reconstitute floodplains from data collected via smartphones. As
a case study, we sought to structure a methodological approach
for mapping flood susceptible areas in the city of Jaqueira-PE,
Brazil. Although a collaborative system (Hidromapp) is used for
registration of flood marks, the study aims to evaluate the use of
the application in an alternative way to GNSS navigation receivers
for carrying out technical surveys, conducted by professionals, not
necessarily involving population engagement.

MATERIAL AND METHODS

Study area and reconstituted event.

The conducted studies included the urban area of Jaqueira
(approximately 1.5 km?), located in the Zona da Mata Sul region,
Pernambuco State. The municipality is located in the Una river
basin, whose city center is on the Pirangi River banks, one of its
main tributaries (Figure 1 and Figure 2).

In the state of Pernambuco, the Una river basin is known for
its long record of hydrological disasters, being currently monitored
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Figure 2. Study area.

by the Pernambuco Water and Climate Agency (APAC) and the
National Center for Monitoring and Alerts for Natural Disasters
(CEMADEN). Floods in this region cover the main river (Una),
as well as its tributaries and bordering cities, such as the Pirangi
river and city center of Jaqueira.

Since 2010, due to the most massive hydrological disaster in
the region (Londe et al., 2005), several studies on the subject have
been developed, as in Machado et al. (2012), Alves et al. (2013),
Cavalcanti et al. (2013), Dantas et al. (2014), Monteiro et al. (2014),
Londe et al. (2005), Ribeiro Neto et al. (2015), Amorim & Silva
(20106), Oliveira & Silva (2016), Pereira et al. (2017), among others.

Thus, given the volume of scientific work carried out, it is
possible to observe the magnitude of events in the region and the
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relevance of new contributions to hydrological risk management
in the Una river basin.

In what regards to mapping flooded areas on an urban scale,
there are no records of research developed for the municipality
of Jaqueira. Thus, the selection of the study area in this work was
intended to include small cities in the Una River Basin, which do
not have studies related to floodplain surveys.

This study reconstituted a 2017 flood event, which affected
67 cities in the region, including Jaqueira (Figure 3). Between May
25and 31, 2 336 mm precipitation was recorded in Jaqueira, adding
to the upstream rainfall, and leading to an increase in the Pirangi
river flow and its overflow. The event affected 1200 residents
in the municipality, which is equivalent to approximately 10%
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Figure 3. Impacts of the flood occurred in May 2017 in Jaqueira.

of its entire population. The effects are represented in Figure 3
(Comissao Externa das Chuvas em Alagoas e Pernambuco, 2017).

Although the 2010 disaster is considered as the most
significant impact ever recorded in the Una basin, the 2017 event
was selected for the case study as it is more recent, facilitating field
data acquisition (flood marks in buildings, and dwellers interviews).
Besides, the 2017 event also had a high impact.

Data collection with smartphone

For data collection with smartphones, we used the Hidromapp
application (Figure 4). This latter is a mobile app in which users
can collect and send information about floods that have already
occurted. With this app, you can inform affected points, water surface
elevation, year of occurrences, add photos, and complementary
information in text message format (Oliveira et al., 2018).

In the app, collected information can be automatically
georeferenced, through an integrated GPS, or by a function called
“point on the map”, which allows the collaborator to contribute from
anywhere, not necessarily near the affected location. Hidromapp
can be installed for free through the Google Play Store, which is
compatible with Android devices.

Hidromapp automatically sends the collected data to the
project database. If the device is offline, the information will remain
saved in it until the internet connection is reestablished. After
collection, the data can be viewed on the project website (http://
www.hidromapp.com.br) or by email request, in shapefile format.

As already mentioned, the empirical methodology for
floodplain reconstitution is based on field survey and mapping of
points, covering the affected area thoroughly (Kobiyama et al., 2006).
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Figure 5. Data collection in the field. (a) Flood height measurement; b) Flood marks collection.

Thus, we sought to map locations in the limits (edge) of the 2017
affected area, as well as the places with the highest water depths.

In the field, water surface elevation was measured by
measuring tape, for a more accurate survey. Data collection was
petformed by a group of tresearchers, mapping the main points
affected by the flood that occurred in May 2017.

To register flood marks in the Hidromapp application,
people living in the affected area were interviewed. It was only
requested information about the depth reached by the flood
in their respective homes. Thus, it was possible to measure the
height observed at each point, with the help of a measuring tape
(Figure 5a). In addition, flood marks that were still present in
some buildings were also collected, as illustrated in Figure 5b.

It was also necessary to add points in inaccessible places
to survey via GPS. Especially on river banks opposite to the area
of urban occupation. In these cases, information was added to the
Hidromapp application using the “Point on the map” function,
based on values measured in the vicinity.

One hundred and thirty points were collected regarding
the May 2017 flood event, 95 points gathered by the mobile phone
GPS, and 35 points defined by the “Point on map” function. The
obtained marks included directly affected locations and places on
the edges of the flooded area (Figure 06).

Finally, considering that Hidromapp was conceived as a
collaborative platform in which the population itself provides data,
this paper intends to address its use as a technical support tool
specifically. A device for engineers, civil defense and protection
agents, and other professionals who work in risk and hydrological
disaster management.

Still, one can consider the collaborative nature of this app, since
all the collected data is available on the project website (http:/ /www.
hidromapp.com.br). Other users in new tasks can access this data.

Verification and adjustment of collected points

After collection, verification of stored points was performed
in a GIS environment (QGIS 3.8 software). The possibility of
errors in the GNSS receiver positioning is considered. This step

RBRH, Porto Alegte, v. 25, e41, 2020
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Figure 6. Flood marks collected with the Hidromapp app.

is necessary because errors in planimetric positioning can lead to
considerable distortions in flood depth estimation, especially in
steep slope places.

Thus, with the help of the Google Street View tool and
photos from each survey point, it was possible to detect and adjust
data location errorts.

Floodplain reconstitution

Floodplain reconstitution was initially performed employing
spatial interpolation techniques to the collected data, estimating
flood depth throughout the study area in a distributed way (pixels).
Then map algebra was used for flooded area delineation, which
was based on the difference between interpolated flood depths
and the Digital Terrain Model (DTM).

Similarly to experiments presented in Apel etal. (2009), Poser
& Dransch (2010), and Ribeiro Neto etal. (2015), field measured values
(water surface elevation) were converted into flood depth, considering
the terrain increment. As an altimetric support base, high-resolution
DTM obtained by laser tillering through LiIDAR technology was
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used, referring to the Pernambuco Tridimensional (PE3D) project.
PE3D products have a 1-meter spatial resolution and an associated
altimetric error of up to 25 centimeters (Cirilo et al., 2015).

All of the presented processes used the free soffware QGIS
3.8 so that replication of this methodology in other studies is
possible at no cost. Thus, diminishing concerns in equipment
acquisition for data collection and information processing,

After obtaining water surface elevations (flood depths +
terrain elevation), the Multilevel B-Spline Interpolation was selected.
The algorithm is available in QGIS, SAGA GIS module, and consists
of a deterministic spatial estimator suitable for spatially random
samples (Lee et al., 1997). Interpolations are performed from a
sequence of bi-cubic B-Spline functions, iteratively generated, and
based on optimization of an objective function (Lee et al., 1997).

Initially, other interpolators were tested, such as IDW and
Triangulation. However, the multilevel B-Spline Interpolation showed
better preliminary results, compared to the other interpolators tested.
By visual interpretation of the interpolated data, in the testing phase,
it was found that the Multilevel B-Spline enabled a reduction of
extrapolated areas, without hydraulic connectivity with the flow channel.

In addition, the interpolator was selected because of its
fast algorithm for interpolation and approximation of dispersed
data. As this work does not aim to compare and evaluate the
performance of different interpolators, details about other tested
estimators are not discussed.

Multilevel B-Spline Interpolation is an estimator capable of
extrapolation, so it was possible to estimate flood depths throughout
the study area (Figure 7a). After that, the event reconstitution
was obtained by map algebra, considering the difference between
interpolated flood depths and DTM heights, as illustrated in Figure 7.
Resulting values equal to or less than 0 (zero) were excluded (no
data), leaving only the estimated interpolation floodplain (Figure 7c).

Model performance analysis

As a performance evaluation of the proposed method, the
reconstituted floodplain was compared with a two-dimensional
hydrodynamic simulation; similar to work performed by Manfreda et al.
(2014) ¢ Jafarzadegan & Merwade (2017).

Figure 7. Map algebra for floodplain delimitation. (a) Interpolated
water surface elevation (WSE); b) DTM LiDAR; ¢) Difference
between interpolated WSE and DTM (a - b).
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The hydrodynamic model for reference simulation was
developed with the HEC-RAS 5.0.6 program (United States Army
Corps of Engineers, 2016). As a geometry, the same cut of the DTM
was used, on which a computational net with a resolution of 10 meters
was generated, and then refined to 5 meters around the river channel.

As an upstream boundary condition, the Flow Hydrograph
option was used, for a hydrograph of the simulated event, adjusted
from the nearest fluviometric station. Downstream the Normal
Depth option was used, calculated from the slope of the section. The
simulation used the computational interval of 1 minute and results
every 5 minutes. After due calibration of the reference model from
observations after the 2017 event, an average error of 0.32 m was
identified between the simulated and observed depths (field data),
these results being considered satisfactory for comparative analysis.

Thus, Root Mean Square Error (RMSE) was used to measure
the degree of correspondence between interpolated (HI) and simulated
hydrodynamic modeling (HM) water surface elevations, Equation 1.

n 2
RMSE <. | Zh (- M) o

where: HI is water surface elevation estimated by interpolation;
HM _is water surface elevation simulated in hydrodynamic model;
7 is the number of pixels compared.

Critical Success Index (C) was used to evaluate interpolation
performance, similarly to applications made by Manfreda etal. (2014),
Wood et al. (2016), Jafarzadegan & Merwade (2017), Wing et al.
(2017), and Rollason et al. (2018). The index compares models
based on the number of pixels classified as flooded (water depth
greater than zero) and as not flooded (water depth equal to zero).

The C index is given by Equation 2, and its values may
vary between 0 and 1, indicating no similarity between the models
or an optimal fit, respectively.

_ HI,HM, @
HI,HM, + HI,HM, + HI,HM,

where: HI, is the number of pixels estimated as flooded by the
interpolation method; HAM, is the number of pixels estimated as
flooded by hydrodynamic modeling; HI is the number of pixels
estimated as not flooded by the interpolation method; HM, is the
number of pixels estimated as not flooded by hydrodynamic model.
Thus, based on the two applied indicators, we sought to
evaluate the performance of the presented method (interpolation)
when compared with hydrodynamic models, considering that
modeling allows the best representation of floods. Finally, since the
study focuses on an interpolation-based method, it is noteworthy
that hydrodynamic modeling results were not explored in this
work, being used only as a reference for comparative analysis.

RESULTS AND DISCUSSION
Field data availability

It was observed that information reported by the dwellers,
presented logical consistency. As this was a recent event, a satisfactory
level of detail was noted on the accuracy of data provided and on

RBRH, Porto Alegte, v. 25, e41, 2020
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the number of trademarks in the properties. This scenatio could
not be evidenced for other events, such as the June 2010 flood.

In successive situations, residents of hazardous areas
reported that such facts are impossible to be wholly forgotten, due
to the watermarks and a trail of destruction left by the inundation.
These still existing marks found in many houses contributed to
data consistency, minimizing possible under or overestimation in
dwellers observations.

On the other hand, there were difficulties to obtain
information in uninhabited or not easily accessible areas, making
it impossible to collect data either by interviews or flood mark
identification. Thus, the importance of continuously register flood
marks is noticed, a process that needs to be maintained whenever
they occur, preventing information from being dissipated over time.

Hidromapp performance

Hidromapp has an interactive, didactical, and easy to
understand interface. Data was collected from the user’s positioning,
That was possible due to integrated smartphone GPS, or the “point
on map” function, which allows collaborations from anywhere,
not necessarily near the affected area.

Regarding the GPS positioning accuracy, it was observed
an average planimetric displacement of 5.46 m between the actual
position of surveyed points and the estimates made by the app.
This result was evaluated as a good performance (Oliveira et al.,
2019). Among the 95 points collected through the smartphone
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GPS, 51.6% of them had the planimetric error below 5 m, and
34.8% had errors between 5 and 10 meters. About 7.4% of points
presented error above 15 m, with the maximum identified error
of 21 m.

Knowing that all the points had its positions corrected after
collection, we highlight the need for verification and adjustment
of points when surveying with GNSS receivers on smartphones.
In this regard, the proposed method proved efficient, since the
photos taken at each point allowed the position of information
to be verified and adjusted using Google Street View.

In turn, to record flood heights, the app has normative
dimensions that help users in estimating elevations, taking as
reference windowsills, approximately 1.00 m from the ground,
or door sizes, on average 2.10 m (Figure 8). Thus, it is possible to
estimate the flood event range even if the user has no measuring
instruments.

On the other hand, the method of recording water surface
elevation through sliding over the screen (Figure 7) was less effective
in field survey, since it was difficult to register exact measured
heights, collected with measuring tape. Given the sensitivity of
the smartphone’s touch screen, it was challenging to report correct
values to even one decimal place.

Thus, as a proposal, a new app function is suggested
so the user can enter values by typing, alongside the already
existing feature, which still is necessary for cases where there is
no measurement equipment.

In terms of water surface elevation, users have to pay
attention to references, because as observed, some houses are
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Figure 8. Flood depth record made through swipe up over the screen.
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built above the street level. In these situations, it was necessary
to consider the same street level, which generally has more
compliance with the DTM.

In specific situations, such as the ones mentioned above,
the app served as a field book due to the “insert additional
information” function. This latter allowed such specificities to
be recorded in each of the collected points as texts. The same
happened to photographic records, which served not only to
illustrate the water surface elevation but also to ascertain the
information after collection and processing.

In general, the app made it possible to record as much
information as was observed in the field without the need for
ancillary equipment. Although the app has been developed a prioti
for the population daily use, its interface and operation proved to
be suitable for technical applications as well. It could be adopted
by professional teams working with hydrological risk management,
regardless of their education or degree, given the importance of
maintaining floodmark records, as mentioned eatlier.

Although information can be viewed on the project website
immediately, it was necessary to request data in shapefile format
via email to continue the experiments. Thus, the platform still
lacks some resources to download data after collection.

Reconstituted floodplain and model performance

The methodology used for floodplain delineation through
map algebra and interpolation allowed the May 2017 event
reconstitution, in Jaqueira. From a qualitative aspect, it is possible
to observe the most affected regions as well as the destructive
inundation power, Figure 9a.

Located on the Pirangi river left bank, the most damaged
region is densely inhabited and consequently has a high vulnerability
index (Figure 9a). Thus, it was possible to observe coherence
among population reports transcribed to flood mark points. The
applied method allowed identification of flooding in specific
locations recognized by the residents as risky places, such as Das
Viuvas Street and Miguel Pellegrino Street, the municipal nursery,
two schools, the public gym, and patio of events.

For the region where the PE-126 highway is located, the
model responded satisfactorily, not extrapolating the floodplain to
this area, in agreement with the real event. Likewise, the commercial
area was notincluded in the reconstituted floodplain, which is also
verified by the event. Thus, it was observed that the applied model
could identify affected areas and locations beyond flood reach.

In performance evaluation by statistical indicators, the resulting
C index was 0.91, thus demonstrating a high degree of similarity
between both floodplains, the reconstituted by interpolation and
the hydrodynamic modeled, used as a reference. The differences
between flooded areas were considered satisfactory with a value
of only 3.1%, 0.31 km? in the interpolated model, and 0.32 km?
in the hydrodynamic model (Figure 9). Additionally, it is observed
that in areas where estimates did not match, water surface elevation
was inferior to 0.15 m, still satisfactory in terms of risk analysis.

For water surface elevation, the calculated RMSE registered
0.64 m, indicating significant differences concerning the hydrodynamic
model. This result is equivalent to related studies by Apel et al.

8/13

(2009), Poser & Dransch (2010) and Scorzini et al. (2018), with
the obtained RMSE of 0.87, 0.76 m and 0.50 m respectively.

In 57% of the points interpolated, the differences found
in the water depth values were up to 0.5 m, representing good
similarity with the results of hydrodynamic modeling (Figure 9).
Similatly, 90% of the points presented a difference of less than
1 m (Figure 9). Regarding hydrodynamic model precision, measured
at 0.32 m, it was found that approximately 30% of the values
estimated by interpolation presented differences of up to this
acceptable margin of error.

Finally, the coefficient of determination R? was 0.84. It
satisfactorily represented the degree of correspondence between
the floodplain reconstituted by interpolation and the results of
the hydrodynamic model (Table 1).

As discussed in Apel et al. (2009), Poser & Dransch (2010)
and Pinheiro et al. (2019), among others, it is also necessary to
consider in this work that hydrodynamic models have their inner
evaluation errors. In some cases, values simulated by alternative
methods may present greater correspondence with the event.

However, it is noteworthy that high discrepancies were
detected at some points, around three meters. This represents
errors in the applied model, regardless of the uncertainty degree
in the compared hydrodynamic model (Figures 10 and Figure 11).

It was observed that the primary error source in the applied
model was concentrated in points of inaccessible areas, where
information was collected remotely, on the right river bank. In
Figures 11, 12 and Table 2 it is possible to observe the behavior
of estimated water surface elevation in these points, specifically in
the sections “5 - 67, “13 - 147,19 - 207, “21 - 22”7, and “23 - 24”.

In these situations, the need for greater precision becomes
evident for points positioned in areas with a steep slope, where
small planimetric displacements may compromise the estimated
flood depth. In this regard, an alternative can be to adjust the
position of points so that flood depths are equivalent to values

Table 1. Interpolated model performance.

Indicator Result
C Index 0.91
RMSE 0.64 m
R? 0.84
~ 57.20%
I — 32.91%

| 7.31% L _
|—| 1.71% 0.87%

<05m 05-Im 1-1.5m 15-2m

>2m

Figure 9. Discrepancies calculated between the interpolated model
and the hydrodynamic model - Frequency distribution.
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Figure 11. Flood depth differences (Interpolated — Hydrodynamic
Model).

Table 2. Differences between estimated water depth in cross-sections
Average difference
between models

Cross-section

(meters)
1-2 1.29
3-4 0.23
5-6 0.51
7-8 0.32
9-10 0.14
11-12 0.16
13-14 0.74
15-16 0.27
17-18 0.29
19-20 0.33
21-22 0.35
23 -24 0.45
25-26 0.83
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situated on opposite banks. Thus, water surface elevation will have
a smooth flat profile in cross-sections, similar to the hydrodynamic
model, and errors will be then minimized. In addition, mechanisms
for the floodplain refinement can also be applied, as presented in
Samela et al. (2018) and Nardi et al. (2000), in which the authors use
geoprocessing techniques and geomorphological data to remove
distortions in the estimate of the flooded area.

Still, compared to the hydrodynamic model, the applied
method presented significant differences for unsampled areas,
where no points were collected, and the values were estimated
by extrapolation, as can be seen in sections “1 - 27 and “25 - 26”
(Table 2 and Figures 11 and 12). In these cases, in future works, the
extension of results may be limited, discarding areas in which the
values were estimated by extrapolation (with no observed values).

Errors were detected in model cross-sections, and in the
longitudinal profile, drawn on the river axis (Figure 13). Throughout
the longitudinal profile, an average difference of 0.49 m was
identified between the interpolation estimated water depth and the
hydrodynamic model. At some points, the calculated discrepancy was
2.5 m (Figure 13). It was observed that the significant differences
detected in the longitudinal profile were also caused by errors of
data collected in inaccessible areas.

In sum, these results reinforce that the proposed model
performed well in estimating the flooded area (edges and extension),
but also resulted in considerable discrepancies in flood depth
estimation. Although the proposed method consists of an empirical
model, disregarding the physical and conceptual principles of
the simulated phenomenon, in both situations (cross-sections
and longitudinal profile), the interpolated model was not able to
reproduce flooding behavior in specific locations.

Finally, the Multilevel B-Spline Interpolation interpolator
performed well, considering that errors are concentrated in places
where the collected information presented inconsistencies. In the
other areas, where data were consistent, the event estimated by
interpolation showed similarities with the compared hydrodynamic
model.
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CONCLUSIONS

The present study sought to map the areas subject to flooding
in the municipality of Jaqueira through field data survey, carried
out with the Hidromapp application, to evaluate its applicability
for technical purposes. In addition, the use of algorithms based
on interpolations for the reconstitution of flood spots from flood
marks was investigated.

Compared to the hydrodynamic model, the results of the
applied methodology were partially satisfactory, presenting a good
performance in estimating flooded areas (extension), but resulting
in some points with considerable discrepancies for estimated water
surface elevation. In this regard, the indicators used to evaluate
results were adequate and allowed quantitative and systematic
analysis of the proposed model. In addition, cross-section and
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longitudinal profile analysis showcased model inconsistencies,
which were not explicit in the applied indicators.

It was observed that the main source of error in the
experiments concentrated in points collected in inaccessible
places and points not sampled, especially in uninhabited areas,
which resulted in distortions in the interpolated model. As for
recommendations in this regard, there is the adjustment of water
depth values, still in the pre-processing, and other mechanisms for
the refinement of the floodplain can also be explored.

In addition, the importance of data collection in the
immediate aftermath of the flooding event was evidenced. It
enabled the registration of flood marks in the entire flooded area,
contributing to better results in interpolation. About the approach
explored, it is expected that the methodological procedures
presented here can contribute to professionals from Civil Defense

RBRH, Porto Alegte, v. 25, e41, 2020
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and Protection System to act in flood marks registration since the
reliability of the information is fundamental to good results. On
the other hand, data reported by the population are more subject
to misunderstandings, especially when collected long after the
event occurred.

Regarding the database, it is also concluded that the use of
a high-resolution digital terrain model (PE3D) was fundamental.
In this regard, further work can explore the performance of the
proposed methodology using lower resolution DEMs such as
SRTM, MERIT and NASADEM, contributing to the application
of the methodology presented on a large scale or in municipalities
that do not have high spatial resolution DEMs.

The selected algorithm for data interpolation (Multilevel
B-Spline Interpolation) performed well. Errors were concentrated
in places where gathered information indicated inconsistencies,
but in other areas, the interpolator obtained satisfactory results.
On the other hand, because it is a deterministic interpolator and
considers the behavior of the isotropically modeled phenomenon
(same intensity in all directions), the results can be optimized
by using a probabilistic and anisotropic interpolator, such as
anisotropic kriging.

Hidromapp, an application used for data collection in the
field, is a light, easy to use, low energy, and mobile data demanding
system. Thus its use is recommended for field collection of flood
marks, even in technical applications. However, since the platform
does not have tools for users to download data, it was necessary
to establish direct communication with the project creators to
request and gain access to the data collected in this experiment.

This study intends to allow new possibilities in the
engineering field for this app, both for its low cost and ease of
handling. Thus, encouraging its insertion as a technical support
tool for flood marks collection, as well as the use of collected
information for flood mapping.

The methodological approach presented aims primarily
to support small municipalities with limited economic resources
available for flood mapping, which is considered one of the main
tools in hydrological risk management. In addition, the study
contributes to the calibration of hydraulic prediction models,
based on the reconstruction of past events. The process helps to
fill in the information gaps, adjusting the models in past events,
and thus adapting them to simulate future situations.
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