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ABSTRACT: Water gates in the Isahaya bay were closed because of reclamation construction which started 

in 1989, and water conversion became a very serious problem. Then, the authors have carried out remote 

sensing research with a few centimeters of resolution and 6 bands. We took pictures by UAV and a camera 

on the ground with two infrared filters from May to August in 2016. The research had the following four 

processes. First process is acquiring picture data. The data of RGB was acquired by UAV directly, and we 

acquired the ocean temperature data from Japan Coast Guard. Second, we performed multivariable analysis. 

Multivariable analysis was applied for water quality in the Isahaya bay and picture data, and regression lines 

of water quality were obtained by calculating six bands. Third, using these regression water distributions 

were mapped by PhotoScan (three-dimensional structure software) each water quality. As a result, UAV was 

available for water quality estimate. Correlations among the water quality were very high. In this research, 

mapping water quality in the Isahaya bay was successful for environmental management using UAV. The 

advantage of mapping was visualization of numerical analysis for water quality. 

 

1. INTRODUCTION 

 

Recently, in the Isahaya bay, a critical problem with the worse environmental system occurred as well as 

rapid water conversion. After constructing the levee in the Isahaya bay, during winter, higher amount of solar 

radiation than usual and nutrient flow made red tide, then the color of laver seaweed became faded (Koibuchi, 

2003), and the reclamation of the Isahaya bay made worse infections to the coastal environment and became 

a problem in the society. This is estimated that breaking down the periodic current made water quality worse 

by the construction of the levee in the Isahaya bay. However, preconstruction data in the Isahaya bay was so 

little. Some people of learning say there is the correlation between the construction of levee of the Isahaya 

bay and the water quality getting worse, others say there reveals no correlation (Tsukamoto and Yanagi, 2002, 

Odamaki et al., 2003, Nishinokubi et al., 2004, Komatsu et al., 2004, Tai et al., 2006). There is some 

correlation between fishery collapse in the Isahaya Bay and the Ariake Sea and construction of the levee. The 

Isahaya bay is damaged area on fishery. Especially, in summer in the Isahaya bay, dysoxic environment forms 

with density stratification in the low layer (Nakayama et al., 2004). Moreover, in summer of 2008, as current 

due to southwest wind occurred, blue tide occurred near the levee in the Isahaya Bay because of advective 

flow in the dysoxic water body (Tada et al., 2009). Also, in the north sea of the Isahaya bay, the density 
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stratification was formed, and dysoxic water body occurred (Tada et al., 2008, Tai, 2015). Especially, on dry 

beach in Kama district, Konagai-cho, Isahaya, Nagasaki, cultivated Japanese littleneck died in large amount 

because of dysoxic environment (Fujii, 2003), and then, compressed air by the pump was injected (Hirano, 

2010). In the Isahaya bay, 77% of dissolved oxygen supply for the low layer was estimated as vertical 

diffusion, while 23% was estimated as advective flow (Yamaguchi and Keizuka, 2006). Therefore, to clear 

the development mechanism for occurrence of dysoxic water body in the sea area, relationship between DO 

in the low layer, formation of the density stratification and flow characteristics was required. Also, application 

for water quality with UAV was carried out in the Isahaya bay (Otsubo et al., 2016). As above, remote sensing 

on water quality estimate in the Isahaya bay was still not enough. In this paper, 7 items of water quality were 

examined with high spatial resolution. 

 

2. Materials and Methods 

 

2.1 Study area 

 

The Isahaya Bay is located in the Ariake Sea, Nagasaki prefecture, western Japan as shown in Fig. 1 (a). The 

three-dimensional UAV picture of the Isahaya bay is shown in Fig. 1 (b). 

 

 
(a)Isahaya Bay              
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(b) UAV picture of the Isahaya Bay on August 10th, 2016 

Fig.1 Isahaya Bay and its 3D model 

 

2.2 Data acquisition 

 

Remote sensing data in the research was obtained by UAV in the field and from the seawater temperature by 

Japan Coast Guard. Also, wa ter quality data were obtained from water examination. Table 1 shows six 

reflection bands, colors, and wave lengths. Bands 1 to 5 were obtained by UAV and a digital camera on the 

ground, and band 6 was obtained from MODIS and a thermal camera.  

    

 

  Table1. Bands, colors, and wave lengths 

Band Color Wave length(μm) 

band1 Blue 0.45-0.52 

band2 Green 0.52-0.60 

band3 Red 0.63-0.69 

band4 Near-infrared 0.76-0.90 

band5 Middle Infrared 1.55-1.75 

Band6 Thermal Infrared 7.5-15 

 

2.3 Methodology 

 

The data was made through four processes. First, the authors acquired RGB data by UAV in the field directly, 

and the ocean temperature data were acquired from Japan Coast Guard. Second, from obtaining water quality 

and acquiring water image data, multivariable analysis was applied to get water quality regression lines. Third, 
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for mapping of water quality, the authors substituted water quality regression lines by multivariable analysis 

into PhotoScan. Finally, for correlation, the authors collected the data from water quality correlation.     

 

Fig.2 Flow Chart of methodology 

 

2.3.1 Acquiring data 

 

a. Photograph data 

 

The authors performed the field study on May 7 and August 10 in 2016 in the Isahaya bay, using UAV 

(Phantom3 and Phantom4) to take photographs from the sky and a digital camera on the ground. Each 

photograph has GPS information: latitudes, longitudes, and altitudes. The authors were able to construct the 

three-dimensional form by PhotoScan. Also, the sea temperature data were acquired from MODIS.  

   

b. Water quality 

On May 7, 2016, water was sampled with GPS at 7 observation points as shown in Fig.3. Water quality index 

were chlorophyll-a, chlorophyll-flu, conductivity, EC25, turbidity, DO, DO, water temperatures, and salt 

content. 

 
Fig. 3 Observation points in the Isahaya Bay 

Acquiring data
multivariable 

analysis
mapping correlation 
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2.3.2 Multivariable analysis 

 

The multivariable analysis was applied for water quality data using bands1, 2, and 3 to get regression 

equations. Water quality was estimated by these equations, and then, the water quality indexes are shown in 

Table 2. 

 

y = A・band1＋B・band2＋C・band3＋D 

 

Table 2 Multivariable analysis results of water quality index 

Chlorophyll-a(μg/l) -0.42579band1+1.117162band2-0.20073band3-12.8229 (R2=0.974) 

Chlorophyll flu(ppb) -0.3149band1+1.06639band2-0.23213band3-14.4288 (R2=0.966) 

Conductivity(μS/cm) -0.00621band1+0.031521band2-0.01574band3-0.0706 (R2=0.736) 

EC25(μS/cm) -20.2828band1+96.21022band2-39.8845band3-1423.55 (R2=0.856) 

Turbidity(FTU) 0.415342band1-3.21939band2+1.15969band3+146.5618 (R2=0.997) 

DO (%) 13.34633band1-161.143band2+54.28449band3+5342.509 (R2=0.9998) 

DO (mg/l) 1.226378band1-14.5166band2+4.888766band3+480.017 (R2=0.999899) 

Water temperature (oC) -0.02538band1+0.084851band2-0.01792band3+18.47159 (R2=0.424) 

pH -0.00779band1+0.047586band2-0.01211band3+7.403285 (R2=0.809) 

Salt (mg/ml) -0.000979band1+0.046617band2-0.01933band3-0.69452 (R2=0.863) 

 

2.3.3 Mapping 

 

Mapping of the water quality indexes was made from the expressions of multivariable analysis using 

PhotoScan, which estimates water quality from RGB with functions. 

 

2.3.4 Correlation 

 

The correlation among water quality indexes were calculated at the observation station1, and then the 

correlation became high or low. 

 

3. Results and Discussion 

 

3.1 Correlation 

Table 3 shows the correlations among the water quality indexes. Chlorophyll-a and water temperature 



   
 

 6  
 

negatively correlated as shown in Fig.4. In the Isahaya bay two types of water body exist, river flow and the 

sea water. The former has low temperatures and high nutrient salts that relates with sewerage, while the latter 

has high temperature in summer and low nutrient salts. This mechanism suggests negative correlation 

between chlorophyll-a and water temperatures. Moreover, there is negatively-correlated between water 

temperature and DO, which suggests that water temperatures drive oxygen consumed. In Table 3, there are a 

lot of correlations among almost water quality indexes. 

  

 

Fig. 4 Correlation between water temperature and chlorophyll-a 

 

 

Table 3 Water quality correlation 

 

 

3.2 Mapping Data 

Water quality index distributions are summarized in Fig.4. (a) is combined photos by UAV. (b) is salt content 

distribution, and it shows Hommyo river flows into the bay. Thus, the Isahaya bay was water conversion state. (c) is 

chlorophyll-a distribution. There were much Chlorophyll-a on the sea, while a little in the river. (d) is conductivity. 

Conductivity near the river was lower than the sea. Conductivity is almost proportion to salt content. (e) is turbidity 

distribution. Turbidity comes from mostly soils. (f) is pH distribution. pH depends on carbon dioxide, which relates 

chlorophyll-a. 
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(a) 

 

(b) 

 

  (c) 
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(d) 

 
(e) 

 

(f) 

Fig. 5 Spatial distributions of water quality indexes using UAV in the Isahaya Bay. 

(a) Orhophoto, (b) salt content, (c) chlorophyll-a, (d) conductivity, (e) turbidity, and (f) pH. 

 

4. Conclusions 

 

Using the mapping data and correlations among water quality as well as multivariable analysis, the authors 
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were able to study the water quality analysis. In this study, in the Isahaya bay, the correlation among water 

quality indexes was very high and water quality could be estimated at high accuracy. Therefore, water quality 

distribution could be obtained with high spatial resolution using UAV. 
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