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Abstract 
The appearance of the water is just one aspect of a waterscape that can be ap-
preciated aesthetically. Water appearance is affected by water clarity and water 
colour. Here, an aesthetic assessment model of waterscape was suggested. In 
the model, water clarity and colour have direct effects, whereas water quality 
and phytoplankton biomass have indirect effects, on tourists’ aesthetic as-
sessment of water bodies. The preferred water colour is aquamarine to blue, 
regardless of depth of clarity. Water colour ranges from pastel yellow to yel-
low-green are not favoured by tourists. Four water-quality parameters were 
correlated with water clarity and phytoplankton biomass. The coefficient of 
indirect effect of river pollution index on tourists’ aesthetic valuation of aq-
uamarine to blue water colour was −0.457, and for pastel yellow to yellow- 
green, it was −0.209. The research results showed observation of water colour 
could not only reflect waterscape aesthetic value, but also serve as a guide of 
judging water quality, and the status of phytoplankton benefited to simplify 
the process of water-quality management for waterscape. 
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1. Introduction 

Waterscapes have high visual values and are the most preferred landscape for the 
public. Thus, they might serve as a dominant contributor to visual amenity [1] 
[2] [3]. Moreover, public experience and preference for waterscapes extend well 
beyond the domain of aesthetics in that they can not only arouse positive emo-
tion but also promote restoration from psychological stress and mental fatigue 
[4] [5] [6] [7] [8] [9]. The appearance of water bodies influences the public’s 
preferences and aesthetic evaluation, and these preferences are most affected by 
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water clarity and water colour [10]-[17] [18]. Sakici [19], Gregory & Davis [20] 
pointed that the water colour and quality are the predictors of river scenic aes-
thetic preference; and water bodies with algae were disliked [21]. Because water-
scape are an important resource for tourism, there needs to classify and manage 
[22]. Understanding the relationship between the appearance of water body (e.g. 
water clarity, water colour) and tourists’ aesthetic assessments of water bodies is 
important for attracting tourists to waterscapes. 

Water quality is assessed on the basis of water clarity, with increased clarity 
positively influencing the assessment of the scenic beauty of waterscapes [14] 
[16] [17] [23] [24], and tourists’ recreational preferences [12] [14] [24]. Water 
clarity results from a combination of various water-quality parameters. Mean-
while, changes in water colour can override water quality as a determinant of 
aesthetic value [25]. 

Water clarity and water colour is affected by water quality; for example, sus-
pended material causes light attenuation, which reduces the visual range, clarity 
and changes water colour [11] [15] [16] [17] [26]. Phytoplankton also contrib-
utes significantly to reducing clarity [27], whereas changes in transparency of 
water bodies may be caused by increasing turbidity due to rising concentrations 
of mineral materials or increasing plankton biomass [28]. 

Phytoplankton can also affect water colour [29]. The level of water quality has 
a great influence on algal growth; for example, the amount of phosphorus in 
water bodies has a negative effect on water quality, leading to phenomena such 
as algal blooms [30], which can also degrade the visual appeal of water bodies. 
Further, excess algae may lead to oxygen depletion, which can again impact wa-
ter clarity. Dissolved material, suspended material, and phytoplankton bloom 
may change the colour of water [31], which can impact aesthetic assessments. 
For example, blue water colour has been assessed to have a higher aesthetic 
value; gray colour is perceived as non-vigorous; brown water is perceived as un-
clear, which might arouse negative emotions and convey a low aesthetic value 
[16] [17] [25] [32]. 

Water quality is influenced by several parameters, including water tempera-
ture, chlorophyll content, turbidity, total phosphorus (TP), nitrogen, Escherichia 
coli (E. coli), and oil content [25] [33] [34] [35]. Different physico-chemical wa-
ter parameters may positively or negatively influence water quality. For example, 
increased dissolved oxygen (DO) is typically associated with high water quality. 
Conversely, increased biological oxygen demand (BOD) is associated with low 
water quality. The US National Sanitation Foundation considers concentrations 
of seven water-quality parameters (including DO, E. coli, BOD, ammoniac ni-
trogen [NH3-N], suspended solids [SS], and TP) as the main parameters to de-
termine water quality levels [36]. In Taiwan, the Environmental Protection Ad-
ministration (EPA) uses four parameters, namely, DO, BOD, SS and NH3-N 
concentrations, to determine river water quality [37], and also conducts assess-
ments of water temperature, pH, conductivity, TP, and E. coli to determine gen-
eral water quality. In contrast, Taiwan’s Water Resources Agency (WRA) [38] 
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stresses that seven water-quality parameters (water temperature, pH, DO, BOD, 
NH3-N, SS, and conductivity) must be measured during a river-water quality 
investigation. 

This present study addresses the connection between perceptions of scenic 
beauty and waterscapes using the aesthetic-related variables of water clarity, wa-
ter colour, phytoplankton biomass, and water quality. We suggest that a connec-
tion framework may help manage water quality by improving water clarity and 
water colour, as well as help attain better aesthetic assessments of waterscapes. 
These considerations led to the current research focus; that is, the formulation of 
a connective path diagram of aesthetic assessment. We tested the path diagram 
by considering water-quality parameters, including water clarity, water colour, 
phytoplankton biomass, and tourists’ aesthetic assessment of waterscapes. We 
find that: 1) water clarity and water colour have a direct effect, whereas water 
quality and phytoplankton biomass have an indirect effect, on tourists’ aesthetic 
assessments; 2) water quality has a direct effect on water clarity and phyto-
plankton biomass; and 3) water quality involves the reactions of complex pa-
rameters, four of which, namely, DO, BOD, NH3-N, and SS are used as wa-
ter-quality parameters to determine the influence on water clarity and phyto-
plankton biomass in this work. We believe that these findings should facilitate 
the improvement of the overall water quality of waterscapes. Tourists are gener-
ally willing to incur additional costs to visit high-quality waterscapes [39] [40] 
[41]. For that reason an effective method of water-quality management provides 
to improve water clarity and water colour, which not only could reduce the 
management cost, but also made high waterscape aesthetic value and attracting 
more tourists [24]. 

2. Materials and Methods 
2.1. Study Site 

The ZhangGang River and its four tributaries, the NanGang, EMei, Nan, and 
Dong rivers, are located in North Taiwan. The ZhangGang River is 54 km in 
length and has a watershed area of 445.6 km2 that covers Hsinchu and Miaoli 
Counties. Of the tributaries, the NanGang river is 32.6 km long, originates 762 m 
above sea level, and has a watershed area of 103 km2; the EMei river is 28.9 km 
long, originates 1,579 m above sea level, and has a watershed area of 69.5 km2; 
the Nan river is 13.8 km long, originates 2200 m above sea level, and has a wa-
tershed area of 50.9 km2; and finally, the Dong river is 21.5 km long, originates 
2616 m above sea level, and has a watershed area of 80.8 km2 (Figure 1). Many 
scenic spots line these five rivers, and the waterscape is highly regarded by tour-
ists [42]. 

There are both urban commercial and industrial areas concentrated in the 
downstream areas, and sources of water pollution include domestic, industrial, 
and feedlot wastewater in the ZhangGang and NanGang Rivers. In other regions 
of the ZhangGang and NanGang Rivers, as well as in the E-Mei, Nan, and Dong 
Rivers, we found the primary pollution sources to be residential, agriculture, and  
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Figure 1. Map of the ZhangGang River watershed area, and sampling sites indicated. 

 
tourist related [38] [42] [43]. The morphologies include riffle, glide, pool, run, 
slow-run, slack, and alluvial land in the Zhang-Gang River system; in addition to 
alluvial land, the average flow rate ranges from 0.07 m/sec to 1.06 m/sec [42]. 
Flow rates of riffle, glide, and run are higher than 30 cm/sec, whereas those for 
pool, slow-run, and slack are lower than 30 cm/sec [42] [44] [45]. 

2.2. Data Collection 

We identified 34 sampling sites in the ZhangGang, NanGang, EMei, Nan, and 
Dong Rivers, according to the operation guideline of river status investigation of 
WRA [38]. The river morphology of these sampling sites includes pool, slow- 
run, slack, and still water; the flow at these sampling sites is relatively slow. We 
also eliminated the downstream area of ZhangGang and NanGang Rivers, whose 
water colour was affected by industrial pollution sources. 

We measured water-quality parameters, water clarity, species, and number of 
phytoplankton, water colour, and spectral distribution characteristics of water 
colour at the 34 sampling sites. Each site was sampled four times; the sampling 
times were July, October 2007, and March, June 2008. Further, we tried as far as 
possible to avoid periods with large volumes of precipitation or long periods of 
drought. And, visitors’ aesthetic assessments and preferences related to water 
colour and clarity of the body of water at each sampling site and each sampling 
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time were surveyed. 
Total 11 water-quality parameters was measured: BOD, conductivity, DO, E. 

coli., NH3-N, pH, salinity (Sal), SS, total dissolved solids (TDS), TP, and water 
temperature. Meanwhile, water clarity was measured. The survey and analysis 
method for each water-quality parameter and clarity was based on the standards 
specified by Taiwan’s EPA [46] (2015). 

Then, the River Pollution Index (RPI) value of each site for each sampling 
time was calculated. RPI is an integrated indicator used by the EPA [46] to de-
termine the level of pollution of a river. The index value is calculated using the 
concentration of BOD, DO, NH3-N, and SS. Point scores were integrated into 
the pollution index integral value. A large RPI value indicates that water pollu-
tion is more serious, whereas an RPI value ranging from 1.0 to 4.5 indicates that 
pollution levels are low to moderate [46]. 

Three species of phytoplankton were identified and sampled: diatom, green 
algae, and blue-green algae. The average density of phytoplankton at each site 
was also measured. The survey method was based on the operation guidelines of 
river status investigation used by the [38]. We also calculated the Shannon Wie-
ner Diversity Index (H’) of each site at each sampling time; the value of H’ 
ranged from 0.84 to 1.46. 

The water colour and spectral distribution characteristics of the water bodies 
were also measured. Water colour is apparent colour that was identified by 
CMYK colours sample book, whereas the reflectance spectra were recorded us-
ing a spectrometer. A diagram of the normalized reflection spectra was drawn. 

In addition to water-quality sampling, we used questionnaire surveys to un-
derstand and assess visitors’ aesthetic assessments and preferences of water col-
our and clarity of waterscapes at each sampling time. Apart from their demo-
graphic information, the participants were asked to report their aesthetic as-
sessments and preferences regarding the colour and clarity using a scale from 1 
(very ugly/strongly dislike) to 7 (very beautiful/like very much). Total of 4786 
completed questionnaires, at the 34 sampling sites and four times each site. The 
response rate was 89.16% and 4267 questionnaires were available. 

Each participant’s aesthetic assessment and preference were used to conduct a 
reliability analysis. The Cronbach’s alpha was 0.882 and 0.887, which shows that 
the questionnaire was reliable. The participants’ answers for gender, age, occu-
pation, place of residence, and aesthetic assessment and preference were com-
pared using a t-test, which showed that aesthetic assessment and preference were 
not significantly correlated with demographic details. The mean values of aes-
thetic assessment and preference were calculated. 

2.3. Data Analysis Methods 

We adopted correlation analysis, analysis of variance (ANOVA), multi-way con-
tingency table, and path analysis to derive our research findings. 

First, we adopted correlation analysis to identify correlations between meas-
ures of tourists’ aesthetic assessments and preferences of water clarity and water 
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colour. The results indicated that aesthetic assessment achieved a significant 
correlation with preference (r = 0.942, p = 0.000). Subsequently, we retained 
tourists’ aesthetic assessments of water clarity and water colour of waterscape. 
However, the preference value was ignored in further steps of the analysis, due 
to the preference judgments probably stems from the aesthetic consciousness 
[47] [48]. Next, we tested the correlation between tourists’ aesthetic assessments 
and water clarity, and the difference between tourists’ aesthetic assessments and 
water colour. A multi-way contingency table was used to test the difference be-
tween water clarity entailing a variety of water colours, and tourists’ aesthetic 
assessments. 

Next, the correlations between water clarity and 12 variables (11 water-quality 
parameters and RPI value), and phytoplankton were tested using correlation 
analysis. The significant correlations are discussed below. 

The results above formed the foundation of the path diagram for tourists’ 
aesthetic assessment of waterscapes, as shown in Figure 2. Path analysis was 
adopted to verify the research framework. In the model, water quality and 
phytoplankton biomass were extraneous variables modelled as being correlated 
and as having indirect effects, through water clarity, on tourists’ aesthetic as-
sessments. Water clarity, water colour, and tourists’ aesthetic assessments were 
endogenous variables in this model. Variance in tourists’ aesthetic assessments 
of waterscapes was the result of variance in water clarity, water colour, and ex-
traneous factors (not in the model). Variance in water colour resulted from 
variance in phytoplankton biomass, and extraneous factors; variance in water 
clarity resulted from variance in phytoplankton biomass, water quality, and ex-
traneous factors. 

  
 

 
Figure 2. Research framework. This schematic drawing shows the research framework. 
We proposed that Tourists’ aesthetic assessments of waterscapes are directly influenced 
by water colour and clarity, and indirectly by phytoplankton and water quality. The 
change in phytoplankton biomass is affected by water quality, which in turn impacts wa-
ter colour, and phytoplankton also has a direct impact on water clarity. Water quality has 
both direct and indirect impacts on water clarity. 
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3. Results 
3.1. Water Clarity, Water Colour, and Tourists’ Aesthetic  

Assessments 
3.1.1. Water Clarity and Tourists’ Aesthetic Assessments 
We used correlation analysis to test correlation between water clarity and tour-
ists’ aesthetic assessments. Previous studies have suggested that tourists’ aes-
thetic assessments are positively correlated with water clarity [14] [16] [17] [23] 
[24]. We examined the relationship between both of these variables. The result 
of Pearson’s correlation analysis showed that the correlation of both variables 
was significant, with a correlation coefficient of 0.708 (p = 0.000). 

3.1.2. Water Colour and Tourists’ Aesthetic Assessments 
Total of 98 colour names using the CMYK colours sample book from 136 sam-
pling sites were recorded, in general tourists were not quite capable to clearly 
distinguish analogous colours. If 98 colours and aesthetic value score were deal 
with by T-test, the trivial results were not adapted for water quality manage-
ment. Then, we overlapped all diagrams of the reflection spectra of each sam-
pling site, which yielded eight water colour series: two yellow, three green, and 
three blue colour series. One-way ANOVA was performed to test for differences 
among the eight water colour series and tourists’ aesthetic assessments. The re-
sults showed that the difference between both was significant (F = 19.244, p = 
0.000). Additionally, the results of the post hoc analysis showed that the eight 
colour series could be reduced to three condensed categories: pastel yellow to 
yellow-green, green to blue-green, and aquamarine to blue. 

The mean aesthetic values were significantly different across water colour 
categories (F = 63.422, p = 0.000). The highest aesthetic value was aquamarine to 
blue water colour (mean = 4.74, SD = 0.82), followed by green to blue-green 
(mean = 3.89, SD = 0.96), and finally pastel yellow to yellow-green (mean = 1.77, 
SD = 0.39). 

3.1.3. Water Clarity and Water Colour with Tourists’ Aesthetic  
Assessments 

Water clarity was divided into four categories, based on depth of visibility: less 
than 1.0 meter, 1.0 to 2.0 meters, 2.0 to 3.0 meters, and more than 3.0 meters. 
Next, a multi-way contingency table was devised to test for differences among 
water clarity and water colour with tourists’ aesthetic assessments. 

The results showed three categories of visibility for depths of less than 1.0 me-
ter, 1.0 to 2.0 meters, and 2.0 to 3.0 meters; we found a significant difference 
between water colour and visitors’ aesthetic assessments (p = 0.000, p = 0.003, p 
= 0.000). However, if the depth of visibility was higher than 3.0 meters, the dif-
ference between water colour and visitors’ aesthetic assessments was not signifi-
cant (Table 1). 

Alternatively, when the water colour was pastel yellow to yellow-green, and 
green to blue-green, the difference between water clarity and visitors’ aesthetic  
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Table 1. Contingency table showing the three categories of water colour for a variety of 
water clarities, along with tourists’ aesthetic assessments. 

 

Water colour 

Pastel yellow to  
yellow-green 

Green to blue-green Aquamarine to blue 

Aesthetic value 

Mean SD Mean SD Mean SD 

Water clarity <1.0 m 1.66 0.21 2.81 0.53 4.21 0.90 

Water clarity 
≤1.0 to <2.0 m 

1.79 0.09 3.68 0.80 4.03 0.62 

Water clarity 
≤2.0 to <3.0 m 

3.06 0.34 4.10 0.71 5.30 0.38 

Water clarity ≤3.0 3.98 0.76 4.24 0.99 4.70 0.83 

 
assessments was significant (p = 0.020, p = 0.004). However, if the water colour 
was aquamarine to blue, the difference between water clarity and visitors’ aes-
thetic assessments was not significant. 

3.2. Phytoplankton and Water Clarity, and Water Colour 
3.2.1. Phytoplankton and Water Clarity 
Three types of phytoplankton were sampled in our research: diatom, green algae, 
and blue-green algae. The correlation analysis was adopted to test the relation-
ship between water clarity and total number and diversity of each of the three 
species separately, and overall total numbers. The correlation coefficients were 
not significant between water clarity and the total number of each species and 
diversity value of phytoplankton. 

However, the correlation coefficient between water clarity and overall total 
number of phytoplankton was significant: Pearson’s correlation coefficient was 
−0.475 (p = 0.000). Thus, the relationship between both variables was negative. 

3.2.2. Phytoplankton and Water Colour 
We applied the contingency table to test the difference between the three water 
colour categories with total number and diversity of each of the three species 
separately, and overall total numbers of phytoplankton. The results showed no 
significant difference between the variables. 

Further, the relationships between the three water colour categories of four 
different water clarity depths and total number and diversity of each of the three 
species separately, and with the overall total numbers of phytoplankton were 
tested. The results of the contingency table analysis show that the differences 
between the three water colour categories of four different water clarity depths 
in the overall total numbers of phytoplankton was significant (F = 2.923, p = 
0.012); however, no significant difference was seen between the other variables. 
Thus, the relationship between water colour and total number and diversity of 
each of the three phytoplankton species separately were not discussed in the path 
analysis. 
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3.3. Water Quality Related to Phytoplankton and Water Clarity 
3.3.1. Water-Quality Parameters, Phytoplankton, Water Clarity 
Eleven water-quality parameters, the overall total number of phytoplankton, and 
water clarity were tested using Pearson’s correlation analysis. The results show 
that the correlations between the overall total number of phytoplankton and six 
water-quality parameters (DO, NH3-N, BOD, SS, TP, and E. coli) were signifi-
cant. The overall total number of phytoplankton had a moderate positive corre-
lation with NH3-N, BOD, SS, TP, and E. coli, but a negative correlation with 
DO. 

Water clarity and seven water-quality parameters (TDS, Sal, NH3-N, BOD, SS, 
TP, and E. coli) had a significant moderate to high negative correlation; however, 
there was a significant positive correlation between water clarity and DO. 

3.3.2. RPI Value, with Phytoplankton and Water Clarity 
We tested the correlation between RPI value and the overall total number of 
phytoplankton and water clarity. The results showed that the correlation of the 
RPI value with the overall total number of phytoplankton (R = 0.485, p = 0.003), 
and water clarity (R = −0.754, p = 0.000) was significant. 

Regarding the results of the correlation analysis of water-quality parameters 
with phytoplankton and water clarity (as shown in Section 3.3.1), six of the 11 
water-quality parameters exhibited simultaneity; these were DO, NH3-N, BOD, 
SS, TP, and E. coli. These six parameters and RPI value were tested via correla-
tion analysis. There was a moderate to high correlation between the six parame-
ters and RPI value.  

To streamline the analysis further, we retained RPI value in the next analysis 
step, but did not discuss the six water-quality parameters separately. 

3.4. Path Model of Tourists’ Aesthetics on Waterscapes 

Path analysis was adopted to decompose the research framework into the 
sources of the correlations between independent variables (water colour, water 
clarity, overall total number of phytoplankton, and RPI value) and tourists’ aes-
thetic assessments of waterscapes, as shown in Figure 3. 

The dummy variables of water colour and water clarity had a direct effect on 
tourists’ aesthetic assessments. The relationship between the water colours of 
pastel yellow to yellow-green and aquamarine to blue and water clarity with 
tourists’ aesthetic assessments was significant. When water colour was pastel 
yellow to yellow-green, water clarity had a positive impact on tourists’ aesthetic 
assessments regarding the water bodies, but water colour was found to have a 
negative impact. When water colour was aquamarine to blue, water clarity and 
water colour had a positive impact on tourists’ aesthetic assessments of the water 
bodies. 

Where the water colour was green to blue-green, the standardized regression 
coefficient of water clarity with tourist’s aesthetic assessments was significant, 
but that with water colour was not. 
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Figure 3. Path diagram for tourists’ aesthetic assessments of waterscapes. 1) Pastel yellow 
to yellow-green water colour; 2) Green to blue-green water colour; 3) Aquamarine to blue 
water colour; 4) Not tested. The path analysis was not applied to estimate the relationship 
between water colour and phytoplankton numbers due to the dependent variable of water 
colour being nominal in scale. 

 
The RPI value had two indirect effects, whereas the overall total number of 

phytoplankton had an indirect effect on tourists’ aesthetics. The overall impact 
of RPI value on tourists’ aesthetic assessments of pastel yellow to yellow-green 
water colour was −0.209; with green to blue-green water colour, it was −0.572; 
and for aquamarine to blue water colour, it was −0.457. The overall impact of 
the total phytoplankton numbers on tourists’ aesthetics at pastel yellow to yel-
low-green water colour was −0.048; at green to blue-green water colour, it was 
−0.130; and at aquamarine to blue water colour, it was −0.104. 

Moreover, RPI value had both a direct and an indirect effect on water clarity. 
The magnitude of the direct effect quantified by the standardized regression co-
efficient was −0.676 (p = 0.003), whereas the indirect effect was −0.084. RPI 
value had a direct effect on the overall total number of phytoplankton, and the 
standardized regression coefficient was 0.485 (p = 0.000). 

4. Discussion 

This study examined the extent to which the public’s aesthetic assessments re-
garding waterscapes is connected to water clarity and water colour, and the in-
direct connection between aesthetic assessments and water quality and phyto-
plankton biomass. Tourists’ aesthetic assessments are affected by water clarity 
and water colour, and this influence is especially positive and strong with respect 
to water clarity [14] [16] [17] [24] [49] [50]. At high water clarity levels, aesthetic 
assessment is not significantly influenced by water colour; conversely, the most 
preferred water colour is aquamarine to blue, whereas pastel yellow to yellow- 
green has a negative impact on tourists’ aesthetic assessments. Thus, compared 
with water colour, water clarity may be more beneficial to visual aesthetic value 
[14] [49]. 

Water clarity is affected by water quality and phytoplankton. As reflected in 
several extant studies, DO, BOD, SS, and NH3-N are the main influencing pa-
rameters of water quality. As noted above, DO is an important parameter for as-
sessing water quality, while BOD is widely used as an indicator of the organic 
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quality of water [51]. SS can lead to physical alterations in a body of water, such 
as reduced penetration of light; these alterations are associated with decreased 
water clarity, which leads to undesirable aesthetic effects [52]. Meanwhile, in-
creasing algae will also reduce water clarity, thus causing a shortage of oxygen in 
the water. Phosphorus has a negative effect on water quality, leading to algal 
blooms [30]. In our research, Pearson correlation coefficient showed TP highly 
related to RP; for this reason, we consider both to have similar impacts on 
phytoplankton. 

Furthermore, aquamarine to blue water colour was assessed to have a greater 
aesthetic value compared with other colours. Water colour may result from dis-
solved, suspended material and algae. Colours resulting from phytoplankton 
blooms can cover a wide range [31], and specific types of phytoplankton com-
munities will produce characteristic colours [53]. For example, a bloom of dia-
toms will make the water colour look brown, whereas green algae gives water a 
light-green colour. However, our research did not show a relationship between 
phytoplankton communities and water colour. Boyd & Tucker [31] also indi-
cated that methods for assessing the relationship between these variables have 
not been developed. 

5. Conclusions 

Waterscapes are considered among the most important aesthetic landscape ele-
ments [2]. Improved water quality of waterscape is associated with increased 
numbers of visits [54]. Furthermore, users are willing to pay for changes in water 
quality [22]. The research results showed that greater water clarity and water 
colour improve tourists’ aesthetic assessments of waterscapes. This result indi-
cates that the appearance of slightly polluted waterscape was aquamarine to blue 
colour with high water clarity, and was more preferred. In nutrient-rich waters, 
the appearance might show green to blue-green water colour that most people 
dislike. To take effective and economic measures to manage water quality of wa-
terscape is important. The 11 water-quality parameters were reduced to four, 
which not only simplify water-quality management toward improving the ap-
peals of waterscapes but also cut management costs for stakeholders. Further, 
the appearance of waterscape, i.e. water colour evinced tourist’s aesthetic pref-
erence and water quality. Observation water colour is easy to practice for general 
public; that made the monitor of water quality by public participation feasible. 

References 
[1] Howley, P. (2011) Landscape Aesthetics: Assessing the General Public’s Preferences 

towards Rural Landscapes. Ecological Economics, 72, 161-169. 
https://doi.org/10.1016/j.ecolecon.2011.09.026  

[2] Arriaza, M., Canas-Ortega, J.F., Canas-Madueno, J.A. and Ruiz-Aviles, P. (2004) 
Assessing the Visual Quality of Rural Landscapes. Landscape and Urban Planning, 
69, 115-125. https://doi.org/10.1016/j.landurbplan.2003.10.029  

[3] Burmil, S., Daniel, T.C. and Hetherington, J.D. (1999) Human Values and Percep-

https://doi.org/10.4236/jwarp.2017.913103
https://doi.org/10.1016/j.ecolecon.2011.09.026
https://doi.org/10.1016/j.landurbplan.2003.10.029


L.-H. Lee 
 

 

DOI: 10.4236/jwarp.2017.913103 1656 Journal of Water Resource and Protection 
 

tions of Water in Arid Landscapes. Landscape and Urban Planning, 44, 99-109. 
https://doi.org/10.1016/S0169-2046(99)00007-9  

[4] Kaplan, R. and Kaplan, S. (1989) The Experience of Nature: A Psychological Per-
spective. CRC Press, New York. 

[5] Ulrich, R.S. (1983) Aesthetic and Affective Response to Natural Environment. In: 
Altman, I. and Wohlwill, J.F., Eds., Behaviour and the Natural Environment, 
Springer, US, 85-125. https://doi.org/10.1007/978-1-4613-3539-9_4  

[6] Hartig, T. (1993) Nature Experience in Transactional Perspective. Landscape and 
Urban Planning, 25, 17-36. https://doi.org/10.1016/0169-2046(93)90120-3  

[7] Ulrich, R.S. (1993) Biophilia, Biophobia, & Natural Landscapes. In: Kellert, S.R. and 
Wilson, E.O., Eds., The Biophilia Hypothesis, Island Press, Washington DC, 73-137. 

[8] Ulrich, R.S., Simons, R.F., Losito, B.D., Fiorito, E., Miles, M.A. and Zelson, M. 
(1991) Stress Recovery during Exposure to Natural and Urban Environments. 
Journal of Environmental Psychology, 11, 201-230. 
https://doi.org/10.1016/S0272-4944(05)80184-7  

[9] Völker, S. and Kistemann, T. (2013) I’m Always Entirely Happy When I’m Here! 
Urban Blue Enhancing Human Health and Well-Being in Cologne and Düsseldorf, 
Germany. Social Science and Medicine, 78, 113-124. 
https://doi.org/10.1016/j.socscimed.2012.09.047  

[10] Chokor, B.A. and Mene, S.A. (1992) An Assessment of Preference for Landscapes in 
the Developing World: Case Study of Warri, Nigeria, and Environs. Journal of En-
vironmental Management, 34, 237-256.  
https://doi.org/10.1016/S0301-4797(11)80001-0  

[11] Davies-Colley, R.J. and Close, M.E. (1990) Water Colour and Clarity of New Zea-
land Rivers under Baseflow Conditions. New Zealand Journal of Marine and 
Freshwater Research, 24, 357-365. https://doi.org/10.1080/00288330.1990.9516430  

[12] Nagels, J.W., Davies-Colley, R.J. and Smith, D.G. (2001) A Water Quality Index for 
Contact Recreation in New Zealand. Water Science and Technology, 43, 285-292. 

[13] Oshima, M., Nagatomo, H., Suginaka, Y., Niikura, K. and Nitanda, K. (2010) Envi-
ronmental Assessment by Water Environment Soundness Index in Five Rivers of 
Atsugi. Tokyo Institute of Polytechnic, 33, 86-93. 

[14] Ryan, P.A. (1991) Environmental Effects of Sediment on New Zealand Streams: A 
Review. New Zealand Journal of Marine and Freshwater Research, 25, 207-221. 
https://doi.org/10.1080/00288330.1991.9516472  

[15] Smith, D.G., Cragg, A.M. and Croker, G.F. (1991) Water Clarity Criteria for Bath-
ing Waters Based on User Perception. Journal of Environmental Management, 33, 
285-299. https://doi.org/10.1016/S0301-4797(91)80030-9  

[16] Smith, D.G., Croker, G.F. and McFarlane, K. (1995) Human Perception of Water 
Appearance: 1. Clarity and Colour for Bathing and Aesthetics. New Zealand Journal 
of Marine and Freshwater Research, 29, 29-43.  
https://doi.org/10.1080/00288330.1995.9516637 

[17] Smith, D.G., Croker, G.F. and McFarlane, K. (1995) Human Perception of Water 
Appearance: 2. Colour Judgment, and the Influence of Perceptual Set on Perceived 
Water Suitability for Use. New Zealand Journal of Marine and Freshwater Research, 
29, 45-50. https://doi.org/10.1080/00288330.1995.9516638  

[18] Smith, D.G. and Davies-Colley, R.J. (1992) Perception of Water Clarity and Colour 
in Terms of Suitability for Recreational Use. Journal of Environmental Manage-
ment, 36, 225-235. https://doi.org/10.1016/S0301-4797(05)80136-7 

https://doi.org/10.4236/jwarp.2017.913103
https://doi.org/10.1016/S0169-2046(99)00007-9
https://doi.org/10.1007/978-1-4613-3539-9_4
https://doi.org/10.1016/0169-2046(93)90120-3
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1016/j.socscimed.2012.09.047
https://doi.org/10.1016/S0301-4797(11)80001-0
https://doi.org/10.1080/00288330.1990.9516430
https://doi.org/10.1080/00288330.1991.9516472
https://doi.org/10.1016/S0301-4797(91)80030-9
https://doi.org/10.1080/00288330.1995.9516637
https://doi.org/10.1080/00288330.1995.9516638
https://doi.org/10.1016/S0301-4797(05)80136-7


L.-H. Lee 
 

 

DOI: 10.4236/jwarp.2017.913103 1657 Journal of Water Resource and Protection 
 

[19] Sakici, C. (2015) Assessing Landscape Perceptions of Urban Waterscape. Anthro-
pologist, 21, 182-196. https://doi.org/10.1080/09720073.2015.11891807  

[20] Gregory, K.J. and Davis, R.J. (1993) The Perception of Riverscape Aesthetics: An 
Example from Two Hampshire Rivers. Journal of Environmental Management, 39, 
171-185. https://doi.org/10.1006/jema.1993.1062  

[21] Eder, R. and Arnberger, A. (2016) How Heterogeneous Are Adolescents’ Prefer-
ences for Natural and Semi-Natural Riverscapes as Recreational Settings? Landscape 
Research, 41, 555-568. https://doi.org/10.1080/01426397.2015.1117063 

[22] Van Houtven, G., Mansfield, C., Phaneuf, D.J., von Haefen, R., Milstead, B., 
Kenney, M.A. and Reckhow, K.H. (2014) Combining Expert Elicitation and Stated 
Preference Methods to Value Ecosystem Services from Improved Lake Water Qual-
ity. Ecological Economics, 99, 40-52. https://doi.org/10.1016/j.ecolecon.2013.12.018 

[23] Steinwender, A., Gundacker, C. and Wittmann, K.J. (2008) Objective versus Subjec-
tive Assessments of Environmental Quality of Standing and Running Waters in a 
Large City. Landscape and Urban Planning, 84, 116-126.  
https://doi.org/10.1016/j.landurbplan.2007.07.001 

[24] Vesterinen, J., Pouta, E., Huhtala, A. and Neuvonen, M. (2010) Impacts of Changes 
in Water Quality on Recreation Behavior and Benefits in Finland. Journal of Envi-
ronmental Management, 91, 984-994.  
https://doi.org/10.1016/j.jenvman.2009.12.005 

[25] Pfluger, Y., Rackham, A. and Larned, S. (2010) The Aesthetic Value of River Flows: 
An Assessment of Flow Preferences for Large and Small Rivers. Landscape and Ur-
ban Planning, 95, 68-78. https://doi.org/10.1016/j.landurbplan.2009.12.004 

[26] Davies-Colley, R.J. and Smith, D.G. (2001) Turbidity Suspended Sediment, and 
Water Clarity: A Review. Journal of the American Water Resources Association, 37, 
1085-1101. https://doi.org/10.1111/j.1752-1688.2001.tb03624.x 

[27] Swift, T.J., Perez-Losada, J., Schladow, S.G., Reuter, J.E., Jassby, A.D. and Goldman, 
C.R. (2006) Water Clarity Modeling in Lake Tahoe: Linking Suspended Matter 
Characteristics to Secchi Depth. Aquatic Sciences, 68, 1-15.  
https://doi.org/10.1007/s00027-005-0798-x 

[28] Chapman, D.V., Ed. (1996) Water Quality Assessments: A Guide to the Use of Bi-
ota, Sediments and Water in Environmental Monitoring.  
http://www.who.int/water_sanitation_health/resourcesquality/watqualassess.pdf  

[29] Bi, Y.H. and Hu, Z.Y. (2005) Relationship between Watercolor and Phytoplankton. 
Ecological Science, 24, 66-68. 

[30] US Environmental Protection Agency (US EPA) (2015) Total Phosphorus.  
https://www.epa.gov/sites/production/files/2015-09/documents/totalphosphorus.pd
f 

[31] Boyd, C.E. and Tucker, C.S. (2012) Pond Aquaculture Water Quality Management. 
Springer Science and Business Media, New York. 

[32] Cottet, M., Piégay, H. and Bornette, G. (2013) Does Human Perception of Wetland 
Aesthetics and Healthiness Relate to Ecological Functioning? Journal of Environ-
mental Management, 128, 1012-1022.  
https://doi.org/10.1016/j.jenvman.2013.06.056 

[33] Bartram, J. and Ballance, R., Eds. (1996) Water Quality Monitoring: A Practical 
Guide to the Design and Implementation of Freshwater Quality Studies and Moni-
toring Programmes. CRC Press, New York. 

[34] Shrestha, S. and Kazama, F. (2007) Assessment of Surface Water Quality Using 

https://doi.org/10.4236/jwarp.2017.913103
https://doi.org/10.1080/09720073.2015.11891807
https://doi.org/10.1006/jema.1993.1062
https://doi.org/10.1080/01426397.2015.1117063
https://doi.org/10.1016/j.ecolecon.2013.12.018
https://doi.org/10.1016/j.landurbplan.2007.07.001
https://doi.org/10.1016/j.jenvman.2009.12.005
https://doi.org/10.1016/j.landurbplan.2009.12.004
https://doi.org/10.1111/j.1752-1688.2001.tb03624.x
https://doi.org/10.1007/s00027-005-0798-x
http://www.who.int/water_sanitation_health/resourcesquality/watqualassess.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/totalphosphorus.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/totalphosphorus.pdf
https://doi.org/10.1016/j.jenvman.2013.06.056


L.-H. Lee 
 

 

DOI: 10.4236/jwarp.2017.913103 1658 Journal of Water Resource and Protection 
 

Multivariate Statistical Techniques: A Case Study of the Fuji River Basin, Japan. En-
vironmental Modelling and Software, 22, 464-475.  
https://doi.org/10.1016/j.envsoft.2006.02.001 

[35] Singh, K.P., Malik, A., Mohan, D. and Sinha, S. (2004) Multivariate Statistical Tech-
niques for the Evaluation of Spatial and Temporal Variations in Water Quality of 
Gomti River (India)—A Case Study. Water Research, 38, 3980-3992.  
https://doi.org/10.1016/j.watres.2004.06.011 

[36] Brown, R.M., McClelland, N.I., Deininger, R.A. and Tozer, R.G. (1970) A Water 
Quality Index—Do We Dare? Water & Sewage Works, 117, 339-343. 

[37] Environmental Protection Administration (EPA) (2015) River Pollution Index.  
http://wq.epa.gov.tw/WQEPA/Code/Business/Standard.aspx  

[38] Water Resources Agency (WRA) (2015) Operation Guideline of River Status Inves-
tigation. http://ics.wrap.gov.tw/icsweb/kdownload.asp  

[39] Gibbs, J.P., Halstead, J.M., Boyle, K.J. and Huang, J.C. (2002) A Hedonic Analysis of 
the Effects of Lake Water Clarity on New Hampshire Lakefront Properties. Agri-
cultural and Resource Economics Review, 31, 39-46.  
https://doi.org/10.1017/S1068280500003464 

[40] Poor, P.J., Boyle, K.J., Taylor, L.O. and Bouchard, R. (2001) Objective versus Sub-
jective Measures of Water Clarity in Hedonic Property Value Models. Land Eco-
nomics, 77, 482-493. https://doi.org/10.2307/3146935 

[41] White, M., Smith, A., Humphryes, K., Pahl, S., Snelling, D. and Depledge, M. (2010) 
Blue Space: The Importance of Water for Preference, Affect, and Restorativeness 
Ratings of Natural and Built Scenes. Journal of Environmental Psychology, 30, 
482-493. https://doi.org/10.1016/j.jenvp.2010.04.004 

[42] Second River Management Office, Water Resources Agency (SRMOWRA) (2007) 
Investigation of Current Status in Zhang-Gang River System. Water Resources 
Agency, Taipei. 

[43] Wang, S.M. (2011) A Study of Water Quality Assessment Model and Water Quality 
Indicators of Zhang-Gang River Basin. Master’s Thesis, National Central Universi-
ty, Taiwan. 
https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=4NYPSX/record?r1=1&h1=3   

[44] Leopold, L.B. (1969) The Rapids and the Pools—Grand Canyon. United States 
Geological Survey Professional Paper 669-D, 131-145. 

[45] Wang, Y.H. (2011) The Influence of Woody Debris Dam on the Characteristics of 
Channel Habitat. Master’s Thesis, Feng Chia University, Taiwan. 
https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=uXkySm/record?r1=1&h1=0   

[46] Environmental Protection Administration (EPA) (2015) Water Quality Standards.  
http://wq.epa.gov.tw/Code/Business/Standard.aspx?Languages=en  

[47] Dramstad, W.E., Tveit, M.S., Fjellstad, W.J. and Fry, G.L. (2006) Relationships be-
tween Visual Landscape Preferences and Map-Based Indicators of Landscape 
Structure. Landscape and Urban Planning, 78, 465-474.  
https://doi.org/10.1016/j.landurbplan.2005.12.006 

[48] Nasar, J.L. (1992) Environmental Aesthetics: Theory, Research, and Application. 
Cambridge University Press, New York. 

[49] Sasaki, H., Osamu, N. and Ryuichi, S. (1999) Evaluation of Water Pureness by 
Horizontal Transparency. Journal of Water and Environment, 22, 581-586. 

[50] Somerville, S.E., Miller, K.L. and Mair, J.M. (2003) Assessment of the Aesthetic 
Quality of a Selection of Beaches in the Firth of Forth, Scotland. Marine Pollution 

https://doi.org/10.4236/jwarp.2017.913103
https://doi.org/10.1016/j.envsoft.2006.02.001
https://doi.org/10.1016/j.watres.2004.06.011
http://wq.epa.gov.tw/WQEPA/Code/Business/Standard.aspx
http://ics.wrap.gov.tw/icsweb/kdownload.asp
https://doi.org/10.1017/S1068280500003464
https://doi.org/10.2307/3146935
https://doi.org/10.1016/j.jenvp.2010.04.004
https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=4NYPSX/record?r1=1&h1=3
https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=uXkySm/record?r1=1&h1=0
http://wq.epa.gov.tw/Code/Business/Standard.aspx?Languages=en
https://doi.org/10.1016/j.landurbplan.2005.12.006


L.-H. Lee 
 

 

DOI: 10.4236/jwarp.2017.913103 1659 Journal of Water Resource and Protection 
 

Bulletin, 46, 1184-1190. https://doi.org/10.1016/S0025-326X(03)00126-7 

[51] U.S. Environmental Protection Agency (U.S. EPA) (2015) Dissolved Oxygen and 
Biochemical Oxygen Demand. http://water.epa.gov/type/rsl/monitoring/vms52.cfm  

[52] Bilotta, G.S. and Brazier, R.E. (2008) Understanding the Influence of Suspended 
Solids on Water Quality and Aquatic Biota. Water Research, 42, 2849-2861.  
https://doi.org/10.1016/j.watres.2008.03.018 

[53] Livingston, R.J. (2005) Restoration of Aquatic Systems. CRC Press, New York.  
https://doi.org/10.1201/9780203492536 

[54] Keeler, B.L., Wood, S.A., Polasky, S., Kling, C., Filstrup, C.T. and Downing, J.A. 
(2015) Recreational Demand for Clean Water: Evidence from Geotagged Photo-
graphs by Visitors to Lakes. Frontiers in Ecology and the Environment, 13, 76-81.  
https://doi.org/10.1890/140124 

 

https://doi.org/10.4236/jwarp.2017.913103
https://doi.org/10.1016/S0025-326X(03)00126-7
http://water.epa.gov/type/rsl/monitoring/vms52.cfm
https://doi.org/10.1016/j.watres.2008.03.018
https://doi.org/10.1201/9780203492536
https://doi.org/10.1890/140124

	Appearance’s Aesthetic Appreciation to Inform Water Quality Management of Waterscapes
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Site
	2.2. Data Collection
	2.3. Data Analysis Methods

	3. Results
	3.1. Water Clarity, Water Colour, and Tourists’ Aesthetic Assessments
	3.1.1. Water Clarity and Tourists’ Aesthetic Assessments
	3.1.2. Water Colour and Tourists’ Aesthetic Assessments
	3.1.3. Water Clarity and Water Colour with Tourists’ Aesthetic Assessments

	3.2. Phytoplankton and Water Clarity, and Water Colour
	3.2.1. Phytoplankton and Water Clarity
	3.2.2. Phytoplankton and Water Colour

	3.3. Water Quality Related to Phytoplankton and Water Clarity
	3.3.1. Water-Quality Parameters, Phytoplankton, Water Clarity
	3.3.2. RPI Value, with Phytoplankton and Water Clarity

	3.4. Path Model of Tourists’ Aesthetics on Waterscapes

	4. Discussion
	5. Conclusions
	References

