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*e present study aimed to use remote sensing technology to estimate the concentration of particulate materials in the water
entering the reservoirs of dams and consequently investigate the possibility of estimating the amount of sediment carried to the
reservoir by flood during the life of the dam and its annual estimate. Using an advanced spectrometer device (ASD), the reflectance
values of water containing different amounts of particulate sediments were measured in the range of 400–2500 nm; then, these
reflectance values were represented for the Landsat 8 satellite OLI bands using their spectral response functions. In the study of
interband correlation with the number of particulate materials, band 2 (blue) and band 5 (near-infrared) were identified to prepare
a specific and appropriate model. *e specificity of the reflectance difference in the two abovementioned bands was presented as
an exponential relationship between the concentration of particulate materials and spectral reflectance. In this model, the RMSE
parameter for the maximum possible sediment concentration was equal to 1.57 and the parameter R2 was equal to 0.91. In the
second step, at the same time as the satellite passed, the area was visited and the sediments of the Ardak dam reservoir were
sampled by recording their location. To complete this research, two measures were performed simultaneously, calculating the
concentration of particulate materials sampled in the laboratory environment and their location on the image. *en, the number
of particulate materials is estimated by taking into account the coordinates recorded from the images on which the relevant
corrections have been made. According to the extracted exponential model, the results of estimating the concentration of
particulate matter obtained from the model and Landsat satellite images with the concentration of particulate matter obtained
from sampling showed its complete compatibility with field surveys to validate this research.

1. Introduction

Erosion, sediment transport, and sedimentation are one of
the most important processes related to river geomor-
phology [1]. *e result of local erosion effects is the nonlocal
impact of sediment production. *ese effects can be divided
into intrariver and extrariver effects [2]. Among the
extrariver effects, the increase of water treatment costs,
problems of industrial use of water due to wear of water
turbines, and decrease of water cooling and sedimentation
efficiency in irrigated lands can be mentioned [3]. *e use of
remote sensing in terrestrial observations is to better un-
derstand the world around us, what happens in those places,
and the interactions between different systems of the earth

[4]. To observe the earth, the electromagnetic radiations
(EMR) recorded by remote sensing were used [5]. *ese
radiations are reflected or propagated by objects from land,
oceans, or the surface of the ice or into the atmosphere,
which are recorded by using aircraft or remote sensing
equipment [6]. Remote sensing can be defined as “the
measurement of electromagnetic waves emitted by an object
by using a piece of equipment that has no contact with that
object” [7]. *e rivers of our country carry high sediment
loads compared to the rivers of the world. *is indicates the
severity of erosion and poor condition of natural resources
(excessive pressure on pastures, destruction of forest lands,
and principles of improper agricultural use) in watersheds
[8]. Remote sensing can be expressed in both radiation and
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particle flow modes. Erwin Schrödinger in 1957 stated that
“all particles have radiative properties and inverted radia-
tions can also exhibit particle properties.” As a result, the
propagation speed of electromagnetic radiations and the
transfer velocity of photons in a vacuum are equal [9].

Figure 1 shows the output spectra of two black bodies (sun
and earth) with different temperatures.*is figure shows how
the sun, which has a higher temperature than the earth, has
the most radiation emitted at short wavelengths [10]. In
addition, the earth has a temperature much lower than that of
the sun.When at the highest point, it has themost radiation of
waves with longer wavelengths. [11]. *e information
recorded by using satellite sensors may include errors in the
geometry of the points and the measured dark number (DN)
values of the pixels [12]. Radiometric errors are related to the
dark number values recorded by using a sensor that depends
on the measured rays of the object [13]. Some of the light
shined on the surface of the water is absorbed by the water and
scattered on some of it [14, 15]. *is action occurs on water
molecules as well as other substances in water such as particles
or solved materials [15]. *e most important visual com-
ponents in natural waters (lakes, oceans, and rivers) include
soluble particulate matter and phytoplankton [16]. Each of
these different components and materials has some effects on
the process of absorption and distribution of energy from
water [17]. Particulate matter is generally an insoluble organic
matter resulting from plant rot; these substances are generally
dark in colour and can change the colour of the water to
yellowish-brown [14, 18]. *ese particles generally determine
both adsorption and dispersion properties in natural waters
(Figure 2).

*e amount of sediment and particulate matter along
with running water is one of the major concerns in the design
of hydraulic structures such as canals, valves, and dam tur-
bines [2]. *is issue is very important from other aspects such
as maintaining soil quality in agricultural lands, environ-
mental issues, and exploitation of water resources for drinking
and industries [1]. Traditional methods can be used to esti-
mate particulate materials in running water. In remote
sensing data-based methods, the sensor that is most in line
with the existing requirements and facilities is selected
according to the size of the area and the accuracy required in
estimating the amount of sediment with water [19]. *en,
images related to the past and present are prepared and
followed by a research team working on both field and
software fronts until the result is achieved [20]. Numerous
studies have been published to determine the concentration of
particulate matter by remote sensing, but most of them are
related to oceans and water in deep seas or the estimate of
chlorophyll suspended at the surface of reservoirs [21–23].
One of the notable works in this regard is the research
conducted by Giardino et al. [24] on the estimation of
chlorophyll 2 in Lake Garda in Italy using satellite images of
Hyperion. Another work performed based on the theoretical
and physical relationships of sediments is the use of a simple
model of transmitted radiation and remote sensing in muddy
waters in the Venice Reservoir [25]. Adam et al. [26] per-
formed all stages of their research in the laboratory by
spectroscopy with different percentages of particulate

materials in the water, without using satellite imagery, ob-
tained wavelength-reflection curves for different sedimentary
materials (clay, fine sand particles, and algal material), and
examined their presentation and behavioral characteristics at
different wavelengths. Raul Espinoza and Jean-Micheal
Martinez in 2013 conducted a study to estimate the sediment
of the Madeira River in Brazil using MODIS satellite imagery
[27].

2. Materials and Methods

2.1. Data and Study Area. To perform this research, infor-
mation and assumptions are needed [28]. *e Khorasan
Regional Water Company was used to collect information
about field visits and collect records and concentrations of
particulate materials in previous floods [29]. *e study area
is the Ardak dam reservoir, located 60 km north of Mashhad
in Khorasan Razavi Province (Figure 3). It is worth noting
that the reason for choosing the dam is the proximity and
availability of basic information and study records, low cost
of sampling and cooperation of water officials in Khorasan
Razavi Province, and also the importance of the dam due to
the supply of drinking water in Mashhad.
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Figure 1: Spectral curve for a black body at the approximate
temperature of the earth (K290) and the temperature of the sun
(K6000) using the results of [7].
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Figure 2: Seawater reflectance spectrum from 0.2 to 1 [14].
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2.2. Preparation of Samples. Upon the arrangements made
with the operation and security office of Ardak Dam, the
researcher attended the dam reservoir and collected 5 bags of
sediments produced through the settlement of suspended
solids of the previous floods [30]. *e samples were trans-
ferred to the laboratory. First, the sediments were completely
dried under sunlight and passed through a sieve with a score
of 40 # and then packed and numbered in packages of 60 g,
120 g, and 1000 g with scales with an accuracy of 0.01 g [31].
*e laboratory environment was isolated from all lights, and
the windowswere covered with black cloth [32].*e projector
with the reader prop was installed at a distance of 40 cm above
the water surface. At the beginning of the work, a standard
white screen was used to calibrate the device; then, the first
reading was taken after the pumpwas turned on and the water
level was turbulent using the spectroradiometer device (ASD
FieldSpec, Inc.) (Figures 4 and 5). In the first step, a 60 g
sample of Ardak dam sediment is added to the test tank. *is
sample was first mixed with a small amount of tank water
using an electric mixer and then added to the water inside the
tank [33]. After the particulate materials were well mixed, the
reading was observed by using a spectrometer and an image
was taken by using a camera [34].

2.3. Atmospheric Correction. *e most accurate method of
capturing electromagnetic waves in the desired area by using
the spectroradiometer is simultaneous with the passage of
the satellite, through which the spectral behavior of the
dominant phenomena can be captured [35]. For this pur-
pose, radiation transfer models, such as flash algorithm, are
used as a basis for researchers [36]. Ideally, it is Ls� Lt, but
this does not happen in practice [37]. In atmospheric cor-
rection, we want to modify or eliminate Lp as much as
possible because all the adverse effects are concentrated on
Lp [10]. After making atmospheric corrections, the image is
obtained as true colour, that is, as our eyes see in the en-
vironment [38]. Regarding the spectral behavior of the plant,
it has fluctuating spectral behavior and the values of ab-
sorption and reflection inside it are very high and green light
has the highest reflection in the visible range [39]. Some-
times, we want to see information from images that are not
visible to the naked eye and it is called a false-colour
composite system. FCC logic works in such a way that we

can better represent phenomena and extract information
that is not normally recognizable (Figure 6).

2.4. Zoning of SuspendedMatter at the Surface of the Reservoir
Using Satellite Imagery. One of the most important appli-
cations of remote sensing is the possibility of zoning and
separation of different materials using satellite images [41].
Different algorithms that exist in software such as ENVI can
be used for this segmentation [42]. For example, the research
conducted by Claudia [40] can be referred who recorded the
water level of a dam reservoir based on the branch algorithm.
*e indicators are to show the changes and quality of water
surface moisture, which is presented as an example of 5 of
the most practical hygrometric indicators that can be used in
Landsat, as described in Table 1, which is categorized by [43].
*e research conducted by Mosocha et al. [44] showed that
the accuracy of zoning and separation of wet and dry zones
by the MNDWI index is 84% and the average reliability of
the results is 89.5%. Archory et al. [45] performed a study on
hybrid indices to determine the threshold of wet and dry
areas in Nepal and found that combining NDWI and NDVI
indices is only useful for delineating pure water pixels [46].

3. Results and Discussion

3.1. Presenting an Empirical Model. *e range of readings
from 350 nm to 2500 nm was plotted on the horizontal axis
and the reflection coefficient was plotted on the vertical axis
[47]. For each experiment, 5 readings were recorded by using
the device [48]. After arranging the results in the first step,
averaging was performed from 5 readings and new diagrams
were drawn in Excel. *en, the spectrum range from 400 to
1000 was selected and the corresponding reflectance curves
were plotted separately, an example of which is shown in
Figure 7. Figure 7(a) shows the output results of the

Figure 4: Standard white screen to calibrate the device.

Figure 5: View of the spectroradiometer device and related
equipment.

Figure 3: Location of the study area [29].
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spectroradiometer up to 1000 nm. In each extraction, five
readings were taken simultaneously to reduce the instan-
taneous errors for the 2400 gr/lit sedimentation rate [49].
Furthermore, Figure 7(b) is the result of averaging the five
initial impressions, which results in the elimination of
possible errors during measurement to reduce systematic
errors [50].

3.2. Evaluating the Laboratory Results. Examining the
spectral curves shows that the reflectance values of R500 (in
the blue and green range) of the spectral curve are higher than
those of the R815 range (NIR) at low concentrations of
suspended materials [51]. *is trend is observed to a con-
centration of approximately 1.83 gr/lit, and since then, the
reflectance values of R815 exceed those of R500 [47]. Addi-
tionally, the study of spectral curves showed that the amount
of reflection at the wavelength of R1515 from the concen-
tration of 1944.44 gr/lit does not increase significantly [53]. In
other words, it is not possible to define a linear relationship
for the entire range of samples tested by using this model [54].
*e concentration of 20 gr/lit is a relatively large amount, and
increasing sediment from this amount is possible only in
periods with high return due to the level of the Ardak dam
basin and its vegetation and rocks (as well as field surveys).
Similarly, where the maximum concentration is up to
wavelengths of about 1000nm, the average of 5 readings per
impression for each concentration of particulatematerials was
plotted in the range of 400 to 1000nm [55]. Figure 8 si-
multaneously shows three graphs of the reflectance of

different concentrations in the visible to infrared wavelengths
[56]. In these three curves, the performance of the reflection
curve of water with low to high concentrations of particulate
materials is compared [57].

3.3. Building WSSSC Model. In the modeling stage, one of
the three extractions was set aside to evaluate the model,
respectively [58]. Studying the reflectance curves of Landsat
OLI sensor bands showed that the reflectivity of band 5 with
a center of 865 nm (R865) and band 2 with a center of
482.5 nm (R482.5) was selected as the bands that showed the
highest and lowest reflectivity to the amount of particulate
matter in the probable range of reservoir sediments [59].
After plotting the difference in reflectance values, it is ob-
served that ΔR5−2 is negative for small amounts of partic-
ulate materials up to 4 gr/lit. In addition, in the range of
4–20 gr/lit, changes have a linear behavior with the con-
centration of particulate materials, and behavior above 20 gr/
lit is completely nonlinear and exponential with great ac-
curacy (Figure 9).

wsssc � 4.4437e
22.767ΔR5−2( ). (1)

3.4. Results of Model Evaluation. To evaluate the WSSSC
model, the obtained model should be validated [60]. For this
purpose, this model is applied to the data that are not in-
cluded in the modeling, which is about 33% of the data, and
the model’s output was compared with the extraction of the

Table 1: *e indicators used for determining water quality in the Landsat satellite based on the general classification.

Abbreviation Description Equation
NDVI Normalized difference vegetation index NDVI � NIR − Red/NIR + Red
NDWI Normalized difference water index NDWI � Green − NIR/Green + NIR
MNDWI Modified normalized difference water index MNDWI � Green − SWIR2/Green + SWIR2
NDMI Normalized difference moisture index NDMI � Red − NIR/Red + NIR
WRI Water ratio index WIR � Green + Red/NIR + SWIR2
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Figure 6: Standard reflection curves of pure water, soil, and plant [40].
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real value of particulate materials in the laboratory (Fig-
ure 10). *e results are shown in Figure 10, which shows a
high correlation between the results [61]. *e RMSE sta-
tistical parameter with the following equation (1) was used
for evaluation [62]. In this equation, In this equation, the
WSSSC model and WSSSC means values are the particulate

sediment concentration and the actual amounts of sediment
from laboratory harvesting, respectively. Also, N is the
number of samples (Wang and Lu, 2010) [63]. To evaluate
the experimental model, two ranges of particulate materials
were considered, one for the whole test range up to a
concentration of about 100 gr/lit which is a relatively high
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Figure 7: Spectral curve. (a) Five impressions of each sample. (b) Average readings.
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concentration and occurs in floods with a high return pe-
riod, and the other up to a concentration of 22.2 gr/lit which
results for the maximum possible amount of particulate
materials RMSE� 1.57. Also, for the concentration of par-
ticulate materials in the second range, RMSE� 0.24 is ob-
tained, indicating the ability of this relationship to model the
number of particulate materials at the water surface with a
small error [64].

3.5. Discussion on the Results of Laboratory Model. In the
present study, the concentration of suspended sediments in
the water surface with different values was estimated using
the results of laboratory data and the spectral response
function of Landsat 8 satellite bands [65]. For this purpose,
the laboratory data related to the reflectivity of particulate
materials in the water level of the dam reservoir were first
analyzed [66]. *en, the results were simulated using the
Landsat satellite spectral response function. *en, different
models were studied, and finally, the “exponential” model
related to the values of reflectance difference, which was
more correlated with all values of this experiment, was
selected. In the proposed model, R2� 0.9915 was obtained,
indicating the accuracy of the proposed model. To evaluate

the model, 33% of the data that were not used in model
extraction were used [67]. Moreover, to evaluate the accu-
racy and efficiency of the model, the RMSE parameter was
used for real and calculated values, the value of which is
equal to 1.57 for the maximum possible concentration of
particulate materials in the river of the project site and up to
22.2 g/l for particulate materials, and for 95% of the par-
ticulate materials in the floods of this river, the value is equal
to 0.24. As mentioned in the introduction section, studies
such as [24] have been conducted in the deep waters of the
oceans and new research is needed for shallow waters.

3.6. Extracting Information from Satellite Images

3.6.1. Sampling Coinciding with the Passage of the Landsat
Satellite. To apply the experimental relationship obtained
through experiments in the laboratory environment, it is
necessary to take field surveys at the same time as the satellite
passes through the study area and also to download the
satellite image [68]. Because the wavelengths required in this
study are in the visible range, air cloud sampling is one of the
problems that affect the quality of images. On the other
hand, field visits should be as close as possible after the rain
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when the concentration of particulate sediments is at the
maximum possible amount. Finally, the visit on April 20,
2018, was one of the best possible cases when the sky was
about 0.41% and the sediment concentration was relatively
high due to the rains of the past few days. *e first eight
samples are related to spring and the end of April, when the
vegetation is green and the amounts of particulate materials
are calculated in the range of 5.72–11.72 gr/lit, so the
resulting values seem to be correct.

3.7. Extracting the Results Using Satellite Images and Exper-
imental Laboratory Relationship. For this purpose, radio-
metric and atmospheric corrections were performed on the
images, and the position of the points corresponding to the
field sampling was determined. *en, the reflectance curve
(Z curve) of that position was plotted. Because the reflection
curve may not be related to suspended sediments due to
human or GPS errors, first, the overall accuracy of the curve
should be ensured, and after the accuracy of the curve has

been determined, the reflection curve is stored along with
the location of the sampling point at the dam reservoir
location (Figures 11 and 12). Subsequently, the information
should be extracted from the reflection curve.*e amount of
sediment obtained from extracting information from sat-
ellite images and the amount of sediment obtained from field
samples prepared and calculated by using the heating device
in the laboratory were recorded in the first and second
columns, respectively.

3.8. Model Evaluation according to the Results of Satellite
Images. For comparison, the actual sediment values from
the sampling in a graph versus the sediment values from the
experimental relation using satellite imagery and the RMSE
value (root mean square error) were compared (Table 2).
*is value is equal to 1.93 based on equation (2). *e above
number indicates that the average calculated amount of
sediment at 1.93 gr/lit is different from the actual amount of
sediment in each measurement, so the question is whether

Figure 11: Picture of the sampling site of muddy water.

Figure 12: Sampling position in the dam reservoir.

Table 2: Results from the amount of computational sediment with the values sampled simultaneously with the satellite.

Sample number *e amount of sediment according to the experimental relationship (gr/lit) Sediment rate based on field surveys (gr/lit)
1 6.85 5
2 14.18 11
3 6.54 6
4 6.69 5
5 10.55 8
6 9.63
7 6.84 7
8 10.43 7
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this amount of error is acceptable or not. As mentioned in
the articles, if the amount of this number is less than 33% of
the average of the compared values, this error rate can be
accepted with some considerations, and since the number
1.93 is less than one-third of the average sediment values
(calculated and measured), the result can be considered
acceptable [69]. Moreover, the percentage of this deviation
in low sediment values may be significant, but the percentage
of computational error is reduced for high sediment values
according to the calculation of the RMSE value of this re-
search (Figure 13). Since the significance of the present
research is important for the amount of high particulate
materials in severe floods that cause the document reservoir
to be filled with sediments, its practical aspect increases with
sampling in floods with high sediments (Figure 14).

wsssc � 4.4437e
22.767 ΔR5−2( )( ). (2)

4. Conclusion

Significant funding from relevant organizations in different
countries is allocated for this purpose, and many types of
research have been conducted or are being performed by
relevant experts and researchers to estimate the number of
runoff sediments. Because these results form the basis of
important decisions, they can sometimes have catastrophic
consequences. *erefore, using other sciences to increase
accuracy, reduce costs, and reduce the risk of death of the
forces involved in this process is necessary and one of the
most important tools in this regard is the use of remote

Figure 13: Spectral reflection curve related to harvest point numbers (1)–(4).
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Figure 14: *ematic zoning of the study area.
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sensing science or satellite technology. A common issue is the
use of a model to extract information from satellite images.
*e researchers have used different methods to apply the
model; some of which have used other models of researchers
and localized its parameters. *e necessity of research in the
field of estimating particulate materials by preparing a specific
model is felt only for the type of sediments in stable con-
ditions for use in satellite images. In this research, the sed-
iment concentration at the water level of Ardak dam reservoir
in Mashhad was estimated as a case study and, finally, the
study area was zoned using Landsat images, experiments were
performed in the laboratory environment to prepare a specific
model, field visits for sampling, and then radiometric and
atmospheric corrections were performed on the images. *e
reflectivity of the models in the range of 2500–350 nm was
measured using an ASD FieldSpec3 spectroradiometer with a
spectral resolution of 1 nm.

After averaging, the reflectance spectra of the samples in
the range of 1000–400 nmwere prepared.*en, the results of
hyperspectral readings were converted to Landsat sensor
band format and the exponential model was prepared based
on the difference of bands 2 and 5 of the Landsat sensor with
average values of R482.5 and R865. *e RMSE index was
1.93. Since surface particulate materials have complex effects
due to the material of this matter, bed effects, water surface
distortion, and atmospheric effects on satellite data that
cannot be abridged, the resulting error can be attributed to
not considering one or more of the above. If the research is
reiterated and sampled with high runoff seals and higher
sediment concentrations, this zoning can be expanded and
the accuracy of the output model can be increased. *is
research was conducted in two laboratory and field phases.
In the laboratory phase, a special model was prepared using
90 samples of sediments docked at the entrance of the dam
based on the site conditions. *en, this model was evaluated
and the computational error rate was 1.57. *is error is
acceptable for high concentrations of particulate materials in
large floods that carry significant volumes of sediment.
Nevertheless, the specific presented model has a good ac-
curacy according to the number of stages of spectroscopy
test (60 cases) with different percentages of particulate
materials and its evaluation (30 samples). *e second step
was to use this model in the field simultaneously with the
satellite passage to estimate the concentration of particulate
materials on the surface. At this stage, 8 samples of muddy
water were prepared from different parts of the estuary, the
results of which were calculated through the model in the
laboratory and compared with each other.

Data Availability

Requests for access to these data should be made to the
corresponding author (e-mail address: m.hadian@
profs.khi.ac.ir).
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