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Abstract – Monitoring water transparency provides an indicator of the environmental status of the water body. One parameter to 

estimate the water transparency is the light diffuse attenuation coefficient (Kd).  

In the framework of the H2020 project MONOCLE (Multiscale Observation Networks for Optical monitoring of Coastal waters, 

Lakes and Estuaries), we have developed an improved version of the KdUINO (Bardaji et al., 2016) consisting of a moored 

instrument used to assess water transparency. This new version, the KduSTICK, estimates Kd near the surface in real-time 

following these specifications: cost-effective, portable, real-time monitoring and easy to use with minimal training. 

This instrument transmits data by using the Internet of Things (IoT) networks. In particular, our research group participates in 

the initiative “The Things Network” (TTN), an IoT network based on LoRaWAN. 

This device is easy to deploy and maintain, and it is suitable for citizen-science based water quality monitoring programs. 
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I. INTRODUCTION 

The studies of light propagation and light field characteristics are crucial for understanding many physical and biological 

processes in the water bodies, depending on solar radiation[1], such as phytoplankton dynamics and surface bloom [2] or 

eutrophication [3]. This radiation at the sea surface is conventionally measured as downward planar irradiance at specific 

wavelengths (λ), Ed(λ). The attenuation of this quantity with depth (z) can be described by the diffuse attenuation coefficient 

Kd(z,λ)[4]. This parameter is of particular interest in water quality monitoring programs because it represents a suitable 

proxy of water transparency [5], and it is related to light penetration and availability in aquatic systems [4] [6]. It is especially 

relevant in coastal areas and lakes strongly affected by human activities. 

Satellite-based ocean colour sensors have been used to map optical properties of the ocean such as Kd(z, λ). Approximately 

90% of the diffuse reflected light from a water body comes from a surface layer of water within a depth of 1/Kd [7]. 

Therefore, Kd is an essential parameter for remote sensing reflectance of ocean colour from satellites. With an increase in 

remote sensing data availability over the past decade, there has been a rise in the in situ data available for calibration and 

validation of satellite measurements [8]. However, the current satellite measurements for monitoring coastal and inland 

waters are still evolving and remain challenging because of the spatial scales that satellite measurements represent [9]. To 

improve data coverage in these zones, in situ irradiance measurements are still required. 

Furthermore, growing worldwide needs to explore cost-effective data acquisition to generate knowledge for sustainable 

natural resource management. This need to develop novel approaches for monitoring environmental data is reflected in 

citizen science’s recent growing attention [10].  One of these in-situ sensor systems is the low cost and DIY (Do-It-Yourself) 

moored system KdUINO, which allows measuring the diffuse attenuation coefficient parameter (Kd) [11]. 

The participation of citizen scientists in water quality monitoring complements traditional monitoring methods. Besides, it 

has other potential advantages such as lowering monitoring costs, significantly increasing data coverage, increasing social 

capital, enhancing support for decision-making, and enhancing the potential for knowledge co-creation [12]. 

II. INSTRUMENT DESIGN AND CONNECTIVITY 

Within the framework of H2020 MONOCLE project, our group is redesigning the KdUINO to retrieve Kd from near-surface 

measurements. The new KdUINO, called KdUSTICK, is a watertight transparent tube of 1.5 m. of height and a diameter of 

4 cm. Some light measurement sensors are located at different positions inside the tube. The tube also contains a low-cost 

and low-power microcontroller with integrated Wi-Fi and Bluetooth to control the sensors. The microcontroller receives the 

data from the sensors and stores it in a memory card. The KdUSTICK is placed vertically in the water column, and it floats 

like a buoy. Most of the tube is submerged, but there is a small part that remains outside the water. The sensors can measure 

light at different depths because of the transparency of the tube. 

To estimate Kd, the KduSTICK measures the light intensity in the PAR (Photosynthetically Active Radiation) band at 
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several depths in the water column. Using the linear regression of such measurements, Kd is retrieved applying the Beer-

Lambert law on the light measurements (Fig. 1). 

The KdUSTICK transmit data using the Internet of Things (IoT) networks, such as LoRaWan and Sigfox [13]. In particular, 

our research group cooperate with the initiative “The Things Network” (TTN). This community network allows devices to 

connect to a decentralized open-source network to exchange data between applications based on LoRaWAN.  

The new KdUINO instrument has been designed to connect to TTN nodes, bringing public coverage over the coast where 

the TTN is (Fig. 2).  
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Fig. 2. The instrument transmits data using the Internet of Things 
networks. 80 km towards the Mediterranean Sea are covered with the 

TTN antenna installed at the Institute of Marine Sciences. 

Fig. 1. Schematic of the KdUSTICK design, illustrating 

all its parts and demonstrating how it calculates Kd. 
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