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Abstract: Landscape water is an important part of natural landscape, and a reasonable assessment
of water landscape color is the basis for scientifically evaluating the quality of water landscape.
To evaluate water landscape color with different concentrations of sediment objectively and
quantitatively, a method of evaluating water landscape color based on hyperspectral technology
is proposed to calculate water landscape color. The color spectrum calculation model of the water
landscape color was constructed using the Commission Internationale de L’Eclairage spectrum
three stimulus system (CIE-XYZ) calculation method and the response relationship among water
reflectance, water depth, and sediment concentration. Under the conditions of eliminating as many
external factors as possible, using a hyperspectral instrument to measure the reflectance of sediment
and water, the response relationship between water depth and sediment concentration and water
reflectance is calculated. Water depth and sediment concentration, which did not appear previously,
were verified by experiments that proved the reliability of the water landscape color spectrum
calculation model. By using different absolute value of chromatic coordinates in the international
CIE-XYZ calculation method, a formula for determining the difference in sediment concentration
for water landscape color was defined, and the quantitative evaluation method of landscape color
of sand-laden water was established. In this research, we found that the predicted water landscape
color, quantified by the color spectrum calculation model, is basically consistent with the actual
color of landscape water and is basically in line with actual observation about significant difference
assessment, which demonstrated the accuracy and reliability of the model. Hence, this research
provides a scientific basis for the establishment of other water quality factors to evaluate water color,
which makes it possible to quantify the color of the water landscape based on the establishment the
color spectrum calculation model.

Keywords: water landscape color; sediment; reflectivity; evaluation method

1. Introduction

Landscape water, an important part of the natural landscape, plays a very important role in
water ecosystem, such as regulating regional temperature, reducing flood disasters, providing material
basis for ecosystem diversity, and producing social and economic benefits [1,2]. At present, with
the development of high-speed urbanization and industrialization, the landscape water is greatly
threatened and the water quality has dropped significantly [3]. Landscape pollution of the water body
is cloudy, with abnormal color, and seriously weakens the landscape function [4]. Besides, landscape
pollution critically destroys the water ecosystem and has a great influence on the living environment
of the nearby residents [5]. The rational evaluation of the water landscape color is the basis for
the scientific evaluation of water landscape color. Therefore, the quantitative evaluation of water
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landscape color has important scientific significance and reference value for the quality assessment
of landscape water and the formulation of effective measures to mitigate the impact of pollution on
water landscapes.

Some research [6] shows that the pollution of water landscape color is mainly affected by organic
matter, suspended particulates, nutrients and algae. Sediment is the most common non-dissolved
matter, which can easily cause color variation in water landscape color. After the sediment
particles enter the water body, they will migrate and diffuse because of the comprehensive effect
of gravity, buoyancy, resistance and transverse turbulence. When the velocity of the sediment
intervenes, an obvious sedimentation zone in landscape water will occur because of the slow
velocity of the sediment transportation and diffusion [7,8]. To quantitatively analyze the influence of
sedimentation zone on water landscape color, an effective method is needed to detect the influence
of sediment on water landscape color. The detection methods of water chromaticity have been
comparatively developed both at home and abroad. Referring to the international standard ISO
7887-1985 “Water quality-determination of color” [9], China has formulated the national standard
detection method of water color (GB/T 11903-1989) [10]. However, this method is susceptible to
produce errors caused by the use of visual colorimetry and the subjective judgment of the human
eye. Some researchers have proposed a method for quantitative measurement of water color with
the maximum absorption wavelength (i.e., characteristic wavelength), known as the chromaticity
spectrophotometric method [11], this method uses a spectrophotometer instead of the human eye
for detection, which can eliminate the subjective error caused by the visual colorimetric method.
However, both the visual colorimetric method and the spectrophotometric method have the same
drawback: the process of chromaticity detection is conducted in transparent water by removing all
non-dissolved matter and ignoring the refraction and scattering of light in water, which may result
in inaccurate assessment of the actual color of the water body. Therefore, these two methods are
inapplicable to the evaluation of water landscape color with more dissolved substances. A statistical
correlation analysis was performed on the concentration of sediment and the radiant rate in the
early period. Meanwhile, the theoretical relationship between the concentration and the radiant rate
was given, and the theoretical model of the remote sensing sediment concentration was established,
which provided a theoretical basis for the measurement of the sediment concentration after water color
remote sensing [12].

Water color remote sensing is a technology using the remote sensing instrument on an Earth
orbit satellite to obtain radiance of ocean surface off water and to study the ocean phenomenon or
the process of the ocean [13]. The content of various components, such as chlorophyll concentration,
suspended sediment content, soluble organic matter content is retrieved by the change of the signal
received by the satellite sensor [14]. Water color remote sensing was initially used only for monitoring
and analysis of the marine environment [15], but with an improvement in the precision of sensors,
water color remote sensing technology is gradually being applied in the analysis of water quality in
inland waters, such as rivers, lakes and reservoirs [16–18]. With further research, the state of water
quality in the sediment was simulated successfully using the parameter sediment concentration of
water color remote sensing [19,20]. It was proved that remote sensing technology is a great prospect in
the study of the water landscape color. Water color remote sensing has become an important auxiliary
tool for water quality monitoring and analysis, and it can be used to analyze the water body from
remote sensing images. At present, water color remote sensing can only reach the level of meters,
and there is a huge gap with the nanometer level [21]. Because of the low resolution of water color
remote sensing, water landscape color can only be analyzed as a whole, and the relationship between
water surface color and sediment water quality factors cannot be set up quantitatively, so water
color remote sensing is inapplicable in the evaluation of water landscape. Some researchers have
measured the reflectivity of different concentrations of suspended matter in water and found that
the wavelength of 580~680 nm is the most sensitive wavelength to suspended sediment in the water
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body [22], which basically determines the sensitive band of the reflectance of sediment in the water
body and provides a direction for the study of sediment reflectance.

Based on the continuous development of remote sensing technology, hyperspectral remote sensing
technology has been applied in the field of water color remote sensing. This technology uses numerous
narrow electromagnetic wave segments to obtain data from objects [23]. It is a frontier remote
sensing technology developed in the early 1980s, based on multispectral remote sensing technology
and spectroscopy. The application of hyperspectral technology in lakes was initially used to detect
and evaluate lake eutrophication. Some scholars have used hyperspectral instruments to monitor
four lakes in Finland and establish the empirical algorithm of chlorophyll a, which shows that it
is feasible to establish the correlation between water quality factors and water phenomena in lakes
with hyperspectral instruments [24,25]. Hyperspectral technology is mostly used in the study of
measuring the concentration of suspended particles in lakes and there is no research on how sediment
factors affect the color of water landscape [26]. Hyperspectral technology has higher resolution than
traditional water color remote sensing and the continuous band information of hundreds of 10 nm
resolutions, which gives hyperspectral remote sensing enough spectral resolution to distinguish surface
objects with the nanometer diagnostic spectral characteristics. Hyperspectral technology detects the
reflectance of water landscape color in response to the sediment concentration and water depth of the
water body at the nanoscale continuous spectral band. The emergence of hyperspectral remote sensing
greatly accelerates the development of remote sensing technology, making it possible to quantitatively
evaluate the color of the water landscape.

2. Method

2.1. Experimental Device for Water Landscape Color Measurement

The sediment solution is placed in the box for measurement to imitate the influence of the
environment surrounding the natural water landscape. The measurement system, as shown in
(Figure 1), consists of a natural light source, a spectrometer and a water tank. The water tank used in
the experiment is 1.5 m long, 0.5 m wide and 0.8 m high. The tank is covered by a black cloth to avoid
the influence of the incident light. The bottom plate is measured with a blackboard and whiteboard to
eliminate the influence of the baseplate on reflectivity. The reflectivity of the water body is measured
by the full wavelength reflectance spectrometer (model: SOC710VP). Finally, the ash plate is used to
calibrate it.

Figure 1. Color spectrum measurement system for water landscape. Light source is the natural light
source of the sun. Spectrometer is a hyperspectral instrument.
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2.2. Data Collection

The sediment concentration under three different depths of water body, 20, 40 and 80 cm,
are weighed using the quantitative Huang Taotu (sticky sediment) to study the influence of sediment
concentration on the water landscape color under different water depths. The sediment concentrations
of 10, 50, 100, 500 and 1000 mg/L are used as experimental samples in the container. All the samples
are measured at the same time on the same day to objectively analyze the influence of the suspended
sediment on the water landscape color, and the reflectivity of the clean water is measured as a contrast.

2.3. Establishment of Color Spectral Model for Water Landscape

2.3.1. CIE Chromaticity Calculation

According to the reflectance of the water body p(λ), the color of the water can be obtained using
the CIE chroma calculation method. For color calculation, global research is more mature; this paper
uses the color calculation standard of the CIE-XYZ system promulgated in 1931 by the International
Photographic Commission (CIE) [27].

According to the characteristics of eye and color, any color that the eye can sense is based on the
common effect of three kinds of pyramidal cells, that is, a comprehensive reflection of red, green and
blue [28]. Almost any color can be mixed with red, green, and blue colors. In 1931, the International
Lighting committee (CIE) proposed the “CIE-XYZ spectrum three stimulus system”. In this system,
X represents imaginary red, Y represents imaginary green, and Z represents imaginary blue. CIE gives
the three spectral stimulus curve of every equal-energy spectrum line, such as x(λ), y(λ) and z(λ),
matching the red, green and blue primaries in the range of 380 to 780 nm, as shown in Figure 2. CIE has
created the 1931CIE-XYZ chromaticity map, as shown in Figure 3. As shown in Figures 2 and 3,
the 1931CIE-XYZ system chromaticity graph looks like a horseshoe; thus, it is also known as the
“horseshoe diagram”. A color map is a two-dimensional plane map with x as the horizontal coordinate
and y as the longitudinal coordinate. Any point within its envelope represents a color. The landscape
color of the light source or object can be determined as long as the coordinates of the light source or
object on the color map, that is, the color coordinates (x, y), are obtained.

Figure 2. 1931CIE-XYZ standard x(λ), y(λ) and z(λ). The three curves represent the radiation value of
chromatic tricolor in the D50 [23] light source with the wavelength of visible light. The three stimuli
output a value specified by CIE, the abscissa is the change of wavelength, and the unit is nm.
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Figure 3. 1931CIE-XYZ system color map spectrum three stimulus value. The area of the horseshoe
is the area for calculating the color distribution of color. The value of the boundary of the horseshoe
diagram is the color represented by the spectrum of different wavelengths.

The 1931CIE-XYZ chromaticity system gives the calculation method for calculating the (x, y) of a
light source or object. The three-stimulus values CIE, X, Y and Z caused by the color stimulus function
ϕ(λ) can be expressed as

X = k
∫ 780

380 ϕ(λ)x(λ)dλ

Y = k
∫ 780

380 ϕ(λ)y(λ)dλ

Z = k
∫ 780

380 ϕ(λ)z(λ)dλ

(1)

When calculating the three-stimulus values X, Y and Z, the summation formula is usually used
instead of Type (1). ∆λ is the range of each wavelength. A smaller value of ∆λ, the calculation indicates
more accurate calculation results. The general selection is expressed as

X = k
N
∑

i=1
ϕ(λi)x(λi)∆λi

Y = k
N
∑

i=1
ϕ(λi)y(λi)∆λi, i = 1, 2, . . . , N

Z = k
N
∑

i=1
ϕ(λi)z(λi)∆λi

. (2)

The X, Y and Z in Type (1) and (2) are the three stimulus values in the 1931CIE chroma system.
x(λ), y(λ) and z(λ) are the spectral three irritation values of the 1931CIE chromaticity system, which
can be obtained by the three-stimulus value table of the CIE standard chromaticity observation.

The k [27] in Type (1) and (2) is called the adjustment coefficient. For the illuminant or light source,
its spectral radiative power is Φe(λ), and k is defined as:

k =
100

N
∑

i=1
Φe(λi)y(λi)∆λi

, i = 1, 2, . . . , N. (3)
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The real meaning of Formula (3) is to adjust the Y of the illuminator or light source to 100,
as follows:

Y = k
N

∑
i=1

Φe(λi)y(λi)∆λi = 100, i = 1, 2, . . . , N. (4)

After calculating the three stimulus values of X, Y and Z by Formula (2), the chromatic coordinates
of objects can be obtained:

x = X
X+Y+Z ,

y = Y
X+Y+Z .

(5)

The chromatic coordinates (x, y) of the water body can be used to find the corresponding landscape
color on the chromaticity map.

The color stimulus function ϕ(λi) is based on the inherent optical properties of the water body, and
the water radiation value of each band is calculated. In this paper, the reflectance p(λi) of water directly
received by hyperspectral instrument is used to replace the color stimulus function. In summary,
the spectral model of the water landscape color consists of Equations (6)–(8):

ϕ(λ) = t1t2bb(λ)∆hFs(λ)
N
∑

i=1
(1 − (a(λ) + bb(λ))∆h)2(i−1)

i = 1, 2, 3, . . . , N; N = H/∆h
(6)

X = k
N
∑

i=1
p(λi)x(λi)∆λi

Y = k
N
∑

i=1
p(λi)y(λi)∆λi, i = 1, 2, . . . , N

Z = k
N
∑

i=1
p(λi)z(λi)∆λi

(7)

x = X
X+Y+Z

y = Y
X+Y+Z .

(8)

In this paper, because of the accuracy of the instrument, ∆λ takes 10 nm to establish a response
relationship; because of more response relations, three special wavelengths, red, blue, and green,
are used to establish relations.

2.3.2. Response Relationship between Reflectivity and Influence Factors of Water Body

In this paper, the relationship between water depth and sediment concentration in water and
two factors affecting water landscape color is established using water quality factors that are easy
to detect in water as indicators. A complete color spectral model of water landscape is constructed
by establishing a response relationship between reflectance and the color of the water landscape and
the CIE color computing model. According to observation and calculation, reflectance should be in
accordance with water depth and sediment concentration:

p(λ) = f (d)k(c) + n(d) (9)

p(λ)—reflectivity;
f(d)—the function equation related to the depth of water;
k(c)—a functional relationship containing various concentrations of water quality factors;
n(d)—reflectance function equation of clean water at different depths.
In summary, Formulae (7)–(9) constitute a complete color spectral calculation model of

water landscape.
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3. Main Influencing Factors of Water Landscape Color and Establishment of Evaluation Methods

In this paper, to establish the relationship between water depth and the concentration of water
quality factors, the reflectance of p(λ) measured by instrument is calculated instead of the color stimulus
value of ϕ(λ). Because the chromatic tricolor is red, green and blue, absorption and reflection of the
three colors in the water is quite different. Therefore, the spectral reflectance variation trend of the
water body under different sediment concentrations is measured by the full wavelength reflectance
spectrometer. The influence of different water depth and sediment concentration on reflectance,
peak value of reflectivity and chromatic tricolor reflectance of water body is studied to find the
response relationship between reflectance and two water quality factors and establish a color of water
landscape prediction method for sand-laden water bodies.

3.1. Influence of Sediment Concentration on Landscape Color of Water Body

Sediment is a kind of insoluble substance that widely exists in natural water body. Because of
its own characteristics, sediment particles have different reflection effects on the light of different
wavelengths. When mixed with certain sediments in water, the water body is yellow because of
the absorption and reflection of sediment on different wavelengths, which seriously affects water
landscape color. In this section, by measuring the variation trend of the reflectance spectra of
different concentrations of suspended sediment in different depths of water, the influence of sediment
concentration on the reflection spectrum of water body under different water depths is analyzed,
and the quantitative response relationship between sediment concentration and water depth and
reflectance is found.

3.1.1. Variation of the Reflectance of Suspended Sediment in Different Concentrations

Table 1 is the statistical table of the peak value of the albedo of sediment suspension with different
concentrations. From Table 1, it can be seen that the peak value of the reflectivity of the suspended
sediment is in a different depth of water, and with an increase in the concentration of sediment,
the peak wavelength of the reflectance increases, and the peak of the reflectance curve shifts to the
right. Figure 4 is the change map of the reflectance curves of different concentration of suspended
sediment in different depths of water. It can be seen that the reflectance wavelength curve of the
sediment suspension is a bimodal pattern, which appears at 570 nm and 650 nm. Because of the
optical characteristics of the sediment itself, the peak of the suspended sediment is not obvious,
but shows a higher state between the wavelength range of 550~700 nm. In the three different water
depth conditions, the reflectivity of the suspended sediment is increased with the increase of sediment
concentration in the water body. This may be due to the increase of the water quality factor in the water
body, which reduces the transmittance of the water body itself, and more light reflects in suspension,
resulting in increased reflectivity of suspended sediment. In the same sediment concentration gradient,
the reflectivity of the suspended sediment increases with the depth of the water body. This may be
due to the increase in the depth of water, as the light can produce refraction in the increased water
molecular level and thus increase the reflectivity of the water body.

Table 1. In three different water depth conditions, statistical table of peak wavelength corresponding
to the reflectance of suspended sediment in different concentrations.

Depth of Water
Concentration of Suspended Sediment

0 mg/L 10 mg/L 50 mg/L 100 mg/L 500 mg/L 1000 mg/L

20 cm 472.36 569.75 569.75 569.75 580.09 580.09
40 cm 472.36 559.44 559.44 559.44 574.92 647.65
80 cm 472.36 549.13 549.13 549.13 580.09 647.65
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Figure 4. Reflectivity curves of different experimental depths for different sediment concentrations.
Depth is the change of water depth. Concentration is the change of sediment concentration. Wavelength
is wavelength variation of visible light.

3.1.2. Reflectivity Response Relationship of Suspended Sediment to Trichromatic Wavelength

In Figure 5, the reflectance of red-light and green-light wavelength in sediment water is much
higher than that of blue-light wavelength, indicating that most of the color of sediment water landscape
is red and green. In Table 2, the coefficients of the logarithmic terms of red light and green light are
much larger than those of blue light logarithmic terms, explaining that when the concentration of
sediment in the water is increased, the reflectance of the wavelength of the chromatic tricolor light is on
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the rise, but the reflectance of the red and green light rises faster. It shows that when the concentration
of the sediment in the water is increased, the red and green composition in the color of the water body
is higher, which is in accordance with the actual image observed. When the sediment concentration in
the water continues to increase, the rising rate of the reflectance of the red-light wavelength decreases.
This is because the sediment concentration is low or zero, the red-light wavelength is longer, and it is
not easy to scatter in the water body, which leads to the low reflectance of the red-light wavelength
section in the water. While the sediment concentration is low or zero, because the green and blue
wavelength is short, it is easy to scatter in the water, causing the green and blue wavelength reflectivity
to be higher. When the sediment is added to the water, the change of the color system causes the
reflectivity of the red and green light wavelength to rise rapidly, while the reflectivity of blue-light
wavelength rises slowly. With the continuous increase of the sediment in the water body, the color
system will not be greatly changed. As the sediment continues to increase, the refraction and scattering
of light in the water body is reduced. When the concentration of the sediment is large enough, only the
surface of the water body is reflected; thus, with the increase of sediment, the trend of the increase of
chromatic tricolor reflectivity slows to final stability.

Table 2 is the chromatic tricolor reflectance curve equation of different water depths; it is fitted by
reflectance of different sediment concentration under different water depth conditions by hyperspectral
instrument. The regression curve of the reflectance of sediment suspension is a logarithmic equation,
and the constant of the fitting formula is the reflectivity of chromatic tricolor in water.

Table 2. Reflectance equation of chromatic tricolor at different depths of water. R2 is the
correlation coefficient.

Chromatic Tricolor Depth of Water cm Reflectivity Curve Equation R2

Red light
20 p(λ) = 0.02564ln(c + 1) + 0.04472 0.7973
40 p(λ) = 0.02623ln(c + 1) + 0.04123 0.8376
80 p(λ) = 0.02714ln(c + 1) + 0.03634 0.8098

Green light
20 p(λ) = 0.01484ln(c + 1) + 0.07842 0.8841
40 p(λ) = 0.01564ln(c + 1) + 0.09030 0.8516
80 p(λ) = 0.01714ln(c + 1) + 0.10863 0.7736

Blue light
20 p(λ) = 0.00873ln(c + 1) + 0.08584 0.9569
40 p(λ) = 0.00923ln(c + 1) + 0.09321 0.9672
80 p(λ) = 0.01002ln(c + 1) + 0.10421 0.9221
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Figure 5. Curves of chromatic light tricolor reflectance with sediment concentration at different depths
of water.
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3.1.3. The Response Relation between the Wavelength of Chromatic Tri Primary Color and
the Reflectivity

According to the reflectance response of the above water body to chromatic tricolor wavelength,
the fitting equation of the variation of the reflectance of the sediment suspense with the concentration
is a logarithmic equation. The different water depth has a different effect on the reflectance of different
chromatic tricolor wavelengths, and it can be seen that it has the same influence on the change trend
of reflectivity, with the change of the depth of water the only change of the coefficient. Therefore,
the reflectance of suspended sediment should satisfy the following formula:

p(λ) = f (s)ln(c + 1) + n(λ) (10)

p(λ)—The reflectivity of sediment suspension;
c—Sediment concentration;
n(λ)—Reflectivity of clear water.
Figure 6 shows the regression equation of the reflectance of chromatic light in the clean water

with the depth of the water. 
n(λb) = 0.0930 ln(d + 1) + 0.0522
n(λg) = 0.0164 ln(d + 1) + 0.0874

n(λr) = −0.0105 ln(d + 1) + 0.0448
. (11)

In the sediment suspension, f (s) has a different trend in the three primary colors. The experiment
shows that the f (s) is related to the depth of the water body, and the data are fitted to the formula,
which can be expressed as: 

f (sb) = 0.0012 ln(d + 1) + 0.0082
f (sg) = 0.0037 ln(d + 1) + 0.0138
f (sr) = 0.0047 ln(d + 1) + 0.0250

. (12)

Figure 6. The reflectance of color and trichromatic wavelength varies with the water depth.
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The response relationship between the reflectance of the suspended sediment and the depth of
water and the concentration of sediment can be obtained by taking the fitting equation of f (s) and n(λ)
of the chromatic tricolor as 10.

3.2. Experimental Verification of Landscape Color Prediction of Sediment Water

In the test, the depth of 15 cm and concentrations of 30 mg/L, 400 mg/L and 800 mg/L, were not
selected in the sediment experiment. If the water landscape color calculated according to these
concentrations accords with the actual pictures, it could be proved that the color calculated by the
color spectral model of the water landscape was correct and has some practical value. Therefore,
these concentrations were selected as the depth and concentration of the test, expressed as follows:

f (sr) = 0.0047 ln(0.15 + 1) + 0.0250
f (sg) = 0.0037 ln(0.15 + 1) + 0.0138
f (sb) = 0.0012 ln(0.15 + 1) + 0.0082

. (13)

Then, Formulae (11) and (13) were taken into the same depth gradient, and the fitting Equation (10)
of the suspended sediment reflectivity varied with the concentration; its expression is:

p(λr) = 0.0257 ln(c + 1) + 0.0433
p(λg) = 0.0143 ln(c + 1) + 0.0897
p(λb) = 0.0084 ln(c + 1) + 0.0652

. (14)

Then, the sediment concentration 30 mg/L, 400 mg/L and 800 mg/L in the experimental test
were brought into Type (14), and the depth of the sediment in the 15 cm water body was obtained.
The chromatic tricolor reflectance of three different concentrations of suspended sediment is shown in
Table 3.

Table 3. Verification of reflectance of different concentrations of suspended sediment by trichromatic
color (experimental depth 15 cm).

Color Trichromatic Reflectivity
Sediment Concentration mg/L

30 mg/L 400 mg/L 800 mg/L

Red color light 0.1314 0.1971 0.2149
Green color light 0.1389 0.1755 0.1854
Blue color light 0.0939 0.1154 0.1211

Three different concentrations of chromatic tricolor reflectance of sediment suspended in the
depth of 15 cm water, such as Table 3, were added to Equations (7) and (8), and the chromaticity
coordinates of water body with sediment concentration in 15 cm depth obtained, as shown in Table 4.

Table 4. Verification of chromatic coordinates of 15 cm water depth with changes in sediment concentration.

Chromaticity Coordinates
Sediment Concentration mg/L

30 mg/L 400 mg/L 800 mg/L

x 0.315 0.338 0.353
y 0.363 0.377 0.385

Figure 7a is the result of the calculation of water landscape color under different sediment
concentrations calculated according to the variation of sediment concentration in Table 4. Figure 7b is
a picture of the water landscape color under different sediment concentrations.
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Figure 7. (a) Calculation results of water landscape color under different sediment concentrations
picture (experimental depth 15 cm). (b) Real picture of water landscape color under different sediment
concentrations (experimental depth 15 cm).

From Figure 7a,b, it can be seen that the landscape color prediction of sediment water body
basically conforms to the change of water landscape color caused by the change of sediment
concentration, and water landscape color is mainly influenced by the change of sediment concentration
in the case of less depth change. The color map of the water landscape color calculated by sediment
concentration is consistent with the color changes of actual photographs, and the trend of color depth
is consistent. The map shows that the water color of the suspended sediment is basically in line with
the actual change rule, with a change in sediment concentration. This map proved that the reflectivity
response relation which was established before is effective and practical.

3.3. Establishment of Evaluation Method for Influence of Sediment on Water Landscape Color

In natural water, the landscape color of the water body is mainly determined by the depth of water
body and the concentration of water quality factor in the water body. The influence of water depth on
the landscape color of the target water body should be determined first. After determining the depth
of the water body, the concentration of the water quality factor in the water body is measured, and the
reflectance p(λ) of the water containing the sediment factor is obtained in the reflectance fitting equation
of the natural water body at the depth of the water body, Equation (10). Then, the reflectance p(λ) is
calculated, using Equations (7) and (8) to obtain the chromaticity coordinates (x, y) of different water
quality factors under this depth gradient. The concept of absolute value of chromaticity coordinates
is introduced here. The chromaticity coordinates of the water landscape color of natural water body,
which is caused by the change of water quality factor concentration, are compared with the chromaticity
coordinates of the original water landscape color of the natural water body, and the difference is used
to make a significant impact assessment on the water landscape color. The chromaticity reflectance
of natural water is calculated according to the albedo variation of the chromatic tricolor wavelength,
and the chromaticity coordinate values (x0, y0) of the natural water body are calculated according to
Formulae (7) and (8). Finally, the chromaticity coordinates (x1, y1) of the target natural water under the
influence of water quality factor concentration are calculated as a benchmark for evaluation.
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In the water landscape color evaluation standard, the color change of the chromaticity diagram
of the water body color is diverged from the middle to the surrounding area; thus, the chromaticity
coordinates values of the predictive target water body subtract the original chromaticity coordinate
values of the target natural water body to establish the color judgment relation of the water landscape;
its expression is:

(x1 − x0)2 + (y1 − y0)2 = r2 (15)

x1, y1—Target natural water body prediction of chromaticity coordinates;
x0, y0—The initial chromaticity coordinate values of the target natural water body;
r—Determination of the significant influence of color of water landscape.
As shown in Figure 8, at three different depths with the initial state of clean water, when

(x1 − x0)2 + (y1 − y0)2 > r2 ()

defines the water landscape color, there is a significant difference.
Additionally, in three different water depths, when

(x1 − x0)2 + (y1 − y0)2 < r2 ()

the water landscape color is defined as having no significant difference.
The color change in the chromaticity diagram is determined by the position of the chromaticity

coordinates, and the change in the chromaticity coordinates can be expressed by a fixed value, such as
the three circles in Figure 8. According to the actual observation, when r is greater than 0.05, that is,
beyond the circle, it is defined that under the concentration of the water quality factor, the landscape
color of the water body is significantly different; when r is less than 0.05, it is defined in the circle as
having no significant difference in the landscape color of the water quality factor.

Figure 8. Clean water at different depths on the chromaticity diagram coordinate position diagram.
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3.4. Landscape Color Evaluation of a Natural Water Body in a High Mountain Lake

This section focuses on lake sediment flow into the lake as the research objective to study the
applicability and prediction function of the water landscape color spectrum model to water landscape
color under different sediment concentration scenarios. The sediment inlet is located in the area of
Tibet and Gongga. The lake is a plateau lake with a high salinity. The area is 675 km, and the lake is
4441 m above sea level. The average depth of the lake is approximately 40 m. As the power station
uses the excess electricity load during the low load period to extract water from Yajiang lake to energy
storage in the lake, it leads to sediment inflow into the lake. Maximum pumping capacity of power
station 8 m3/s. The median particle size of sediment is d50 = 7.65 µm. The water body is clean, and the
sediment content is small when no sediment enters into the flow. The sediment color is yellow brown
when the sediment enters the flow, and the sediment content is based on the monitoring results of the
natural water body of the mountain lake [29]. The landscape color of the sediment water flow in the
lake is simulated and predicted by using the spectral model of the landscape color of the suspended
sediment water. The applicability of the spectral model method is analyzed and discussed.

Because the water quality is good and the water body clean when no sediment is in flow, pure sea
water is chosen as the background water body, and the depth reflectance fitting formula of pure sea
water is used to calculate the water body. However, the composition and content of salt in the lake
water and the composition and content of salt in pure seawater are not considered in the calculation.

Table 5 is a summary table of the predictive chromaticity coordinates of a mountain lake with
different sediment concentrations. The average water depth in the reservoir area is 40 m. When the
depth of water is 40 m, the depth of water is taken into Formula (10); its expression is:

p(λr) = 0.0425 ln(c + 1) + 0.0058
p(λg) = 0.0275 ln(c + 1) + 0.1483
p(λb) = 0.0126 ln(c + 1) + 0.3975

. (16)

According to the sediment distribution of a lake’s sediment-laden discharge in the area nearby,
the sediment concentration gradient distribution of a lake’s sediment-laden water body is determined
(Figure 9). Then, the sediment content of the lake was brought into Formulae (7) and (8) to get the
chromatic coordinate distribution corresponding to the sediment distribution in the water body
(Table 5). The chromatic coordinates of different sediment concentrations were considered (15)
for evaluation.

Table 5. Summary of chromatic coordinates prediction for a mountain lake with different sediment
concentration changes.

Chromaticity Coordinates
Sediment Concentration mg/L

0 10 20 30 40 50 60

x 0.161 0.179 0.208 0.231 0.270 0.339 0.350
y 0.146 0.179 0.251 0.297 0.355 0.407 0.409

Chromaticity Coordinates
Sediment Concentration mg/L

70 80 90 100 110 120 130

x 0.368 0.374 0.384 0.387 0.390 0.395 0.398
y 0.411 0.410 0.409 0.403 0.401 0.400 0.398
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Figure 9. Sediment distribution by sand-laden discharge in an area near the lake.

From the water landscape color evaluation method, it is found that the judgment value of the
significant influence of sediment in water body on the water landscape color is 0.05. When the
sediment concentration is less than 10 mg/L, as shown in Figure 10a, there is a difference in color
between sand area I and pure seawater, but the overall color is unchanged. r is 0.037, which is less
than the r = 0.05 value of water landscape color, and there is no significant difference in the color of
the water landscape. When the concentration of sediment is between 10 mg/L and 20 mg/L, such
as Figure 10b, the color of Region II is obviously different from that of pure sea water, and the whole
color system changes. Because of the influence of depth on water landscape color Alpine lakes, water
landscape color changes little when the sediment concentration is relatively small, which is similar
to the actual river; Region II changes from a blue system to a yellow system. r is 0.115, which is
larger than the r = 0.05 value of water landscape color, and there is a significant difference in the
color of the water landscape. Because of the continuous increase of sediment concentration, the
influence of water landscape color gradually increases, resulting in water landscape color, similar
to the actual river situation. When the sediment concentration is greater than 30 mg/L, r is greater
than the water landscape color, which has a significant impact on the determination value of 0.05;
therefore, a higher concentration of sediment causes a significant difference in the landscape color
of the lake. Figure 11a is a landscape color prediction map of the water flow into a high mountain
lake. It can be seen from the map (Figure 11a) that the color change of the water landscape does not
vary much from 0 mg/L to 10 mg/L, and the basic color system is not changed. When the sediment
concentration increases from 10 mg/L to 20 mg/L, the color of the water landscape is obviously yellow,
and the sediment has a significant effect on the color of the water landscape. The picture of water
landscape color flowing into the lake with the sediment-laden flow of a high mountain lake is shown
in Figure 11b. The sediment-laden water diffuses from the point source and forms a pollution circle as
the sediment continues to diffuse. The color depth gradually decreases from around the point source
and is consistent with the color change of water landscape color picture (Figure 10) calculated by
the spectral model. This indicates that the prediction picture basically reflects the trend of the water
landscape color. This comparison proves that the evaluation method of water landscape color has
certain application values in natural waters.
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Figure 10. Contrast diagram of the significant color difference of water landscape. (a) indicates that
there is no significant difference between the I regions and the sea water, (b) indicates that there is a
significant difference between the 2 regions and the sea water.

Figure 11. Water landscape color prediction map and real map of Alpine lakes. The sediment inlet
is located in the area of Tibet and Gongga. (a) is a picture of prediction of water landscape color in a
high mountain lake with sediment-laden discharge. (b) is a real picture of the water landscape color of
water flowing into a high mountain lake.

4. Conclusions

Through the simulation experiment, the influence pattern of the sediment water quality factor on
the reflectance of water body is studied. The formula for predicting the reflectance of the sediment
water body is established by measuring the reflectance of the sediment with different concentrations at
different depths. Then, combined with the CIE chromaticity calculation method, the spectral model of
water landscape color is established. Accordingly, the color coordinates of water landscape color can
be calculated, contributing to the quantitative evaluation of water color of the different color systems
at different water depths.
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Through the verification test by spectral model of water landscape color, the water color calculated
by the model established in this report, the result is basically consistent with the actual color of the
water body, demonstrating that the calculation formula of water body reflectance and the color
spectrum model of the water landscape can be applied to calculate the landscape color of natural water
body with different sediment concentrations.

According to the variation of the sediment content in a lake, the color of the water body with
different concentration gradients was calculated. The color change trend, which was ascertained from
the landscape color prediction map of the Alpine lake, is similar to the actual observation, illustrating
that the color spectral model of water landscape can be used to calculate the color of natural water
under the influence of sediment. Furthermore, based on the chromaticity coordinates, the evaluation
results of the color difference of the water landscape can also reflect the observation results accurately,
which demonstrates the accuracy and reliability of the color spectral model.

Some traditional remote sensing methods can also be applied in assessing the pollutant influence
on the water quality, but these methods are only based on the polluted water, and lack a prediction
function for water landscape color. Therefore, in this research, we established the relationship between
water quality factors and water landscape color in lakes by hyperspectral instruments, so we can predict
the water landscape color and then apply this when evaluating the pollutant influence of sediment
discharge projects based on water quality factors. However, while this new method can quantify how
the sediment factor affects water landscape color, the question of how other water quality factors (such
as heavy metal ion and algae) influence water color remains unanswered. Therefore, more research is
needed to quantify the relationship of water landscape color and various water quality factors, thus
contributing to a more complete and reliable water body landscape color evaluation system.
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