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ABSTRACT

The present study describes the initial efforts of building a citizen science-based monitoring river system for flood
forecasting in the Rimac River located in Lima, Peru, a city that is severely affected by flooding, especially during
El Nifio events. This system will be based on videos recorded of the Rimac River taken by regular citizens at
accessible bridges when the water level begins to rise. Then, the videos will be uploaded to the system database
for processing and getting useful results to alert the population in the case of flooding. In order to validate the
system, the research team recorded videos at three bridges along the Rimac River and compared them with
official data. The recorded videos were processed using Large Scale Particle Image Velocimetry (LSPIV) to obtain
free-surface velocity, to then obtain corresponding flowrates.
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1 INTRODUCTION

The Rimac River is the most important river that passes through Lima, Peru, a city that is severely affected by
floods and mudslides especially during El Nifio years. This situation causes significant economic losses and
endangers the citizens settled in the Rimac riverbanks and its tributary streams (Comeca et al., 2019). The
uncertainty of the event and the high levels of vulnerability in the affected regions still represents a high risk
(French & Mechler, 2017). Likewise, the hydrometeorological information is insufficient to build any kind of early
warning system. During high flow, it is dangerous for the operators to make intrusive measurements,
furthermore, the values will possibly be affected by floating debris and transported sediment (Moramarco, et al.,
2017). Within this context, the processing of river videos using LSPIV to obtain flowrate data represents an extra
source of information which will allow the elaboration of an early warning system that is built on the collaboration
of the vulnerable population to achieve their own safety.

2 METHODOLOGY
2.1 Field data collection

Three bridges along the Rimac basin were selected to record videos of the river free surface with a conventional
cell phone camera (Table 1). These were chosen based on the distance from the bridge to a city of importance,
the curvature of the river, the flatness of the free surface, and accessibility. To assure data collection validity,
the videos had to show four known location control points during their entire length (minimum 1 minute). The
processing algorithm requires visible particles on the water surface to obtain a direction of the velocity profile.
Natural particles on the surface of a river are commonly used as tracers. However, artificial particles such as
wood sawdust can provide a more accurate image analysis, because they form a unique pattern on the free
surface to be followed by the PIV algorithm (Gharahjeh et al., 2016). Thus, wood sawdust particles were thrown
at the surface in two study sites (San Mateo 1 and Chosica) for a better video processing accuracy.

2.2 Data analyzing

The recorded videos were analyzed using Large Scale Particle Image Velocimetry (LSPIV) to extract the river
mean velocity by comparing pairs of images and contrasting the displacement of the river current. The RiVER
program (Patalano and Garcia, 2006) identifies the current lines in the delimited area and calculates the speed
vectors along the cross-sectional area to obtain the discharge velocity (Figure 1). For that purpose, it is
commonly used for the natural channels a velocity index of 0.85 to convert free surface velocity into mean
velocity in the vertical, which assumes a logarithmic vertical velocity distribution (Rantz, 1982). Moreover, an
initial cross section was estimated with an approximation that the river length must be twenty times the river
depth (Rodriguez et al., 2004).
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Figure 1. (a) Cross section of the original image (b) Vector and magnitude velocities of the rectified image.

3 RESULTS

The flowrates obtained are shown in Table 1 and compared with the official values provided by a nearby
hydrometric station managed by The National Water Authority (ANA, by its acronym in Spanish). For San Mateo
1, the flowrate calculated with the wood sawdust particles (artificial tracers) on the surface is closer to the
hydrometric value. However, the result with natural tracers also matches the official flowrate. In Chosica, the
calculated flowrate with natural tracers on the surface exceeds the official value while the one with artificial
tracers is considerably lower. Hence, it is not possible to identify if the LSPIV processing underestimates or
overestimates the actual flowrate value.

Table 1. Flowrates at each measurement point (m3/s)

Bridge Latitude (°) Longitude Natural  Artificial Hydrometric Relative Relative
(°) tracers tracers value Error N.T Error AT
San Mateo 1  -11.755820 -76.295911 9.49 10.93 11.62 18.3% 5.94%
San Mateo 2 -11.760115 -76.301058 6.08 * 11.62 47.7% *
Chosica -11.935066 -76.692523 25.34 16.70 22.00 15.2% 24.1%

* Video was not recorded because the access to the bridge hindered sawdust transportation.

CONCLUSIONS

To create a system that is based on citizen participation, the communities that live along the Rimac River must
be informed about the study relevance to understand their role on prevention. The system is accessible and
practical and can be scaled to enrich the database and obtain extensive validation. Another approach that will
enhance the system is to install more LSPIV camera chambers since there are only a few active cameras on
the Rimac basin (CITA UTEC, 2019). This will generate an interconnected network of all the data that can be
correlated with other hydraulic and environmental attributes to validate the system with greater precision. Finally,
as future work, a hydrodynamic model in HEC-RAS will be developed to predict flood propagation along the
river network and estimate the most affected sections. Furthermore, the final aim is to develop an application
that achieves the automatic processing of the videos to maintain an active response to the population needs.
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