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Abstract

With deterioration of the global climate situation, the frequency and uncertainty of typhoons are the major causes
of their hazards in tropical coastal regions, both in terms of loss of life and economic damage. Heavy rainfall
triggers massive landslides and devastating flash floods, which can entail tremendous damage. In typhoon-affected
areas, the key issue is to estimate the disaster zone and to help ships avoid disaster areas in the sea. Existing studies
on typhoon disasters are mainly based on the overall wind assessment or the route prediction of the typhoon, with
less attention to the detailed impact in different regions along the route. We propose in this paper a new framework to
assess regional disaster risk based on chlorophyll-a concentration inversion in seawater. To calculate the concentration of
chlorophyll-a, we analyze Landsat-8 satellite images in typhoon weather and normal weather in the same area. The
experiments on realistic samples show that our approach has major potential to improve safety via assessing the impact
of a typhoon in different regions based on the level of chlorophyll-a concentration.
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1 Introduction
According to an analysis of 92 typhoons in the South
China Sea during 1998–2009 by Yang and Tang [1],
tropical depression is the main cause of typhoon gener-
ation at sea level. A cold vortex is characteristically
present above the ocean environment during the period
of a typhoon. Oceanic thermal structure is not stable be-
cause of the cold vortex. Therefore, cold water below a
mixed layer is more likely to be brought to the upper
layer of the sea [2]. Nutrients hidden in the deep ocean
are brought to the upper level to cause phytoplankton
bloom and to increase chlorophyll-a concentration [3,
4]. Other studies have shown that low chlorophyll-a
concentration usually occurs in environments with
low wind speed and high sea surface temperature,
whereas high chlorophyll-a concentration occurs in
environments with high wind speed and lower sea
surface temperature [5, 6].

An out-of-date method uses fixed-location buoys to
understand typhoon behavior, and the spots’ change of
state can be easily recorded [7]. This method is not 100%
accurate and not applicable to large areas. Along with the
development of advanced satellite remote sensing technol-
ogy, using satellites to monitor and study typhoon disas-
ters is more efficient and effective due to the large
observation area, time and space synchronization, and
continuity, etc. For example, He and Zhang [8] monitored
the development route and landing area of tropical storm
“Sepat” and typhoon “Fitow” using the Fengyun-3 satellite.
Liu et al. [9] used Landsat-8 data, combined with a Hainan
Island topographic index and a damage potential index to
analyze the impact of typhoons on rubber tree plantations.
These works, however, focus mainly on a prediction of the
estimated degree of overall impact and lack an assessment
of impact on different regions along the typhoon route. As
a result, no warning can be issued as to any regional
typhoon disaster.
By using satellite data, we propose a new strategy and

method to analyze the concentration of chlorophyll-a in
seawater, which is calculated by chlorophyll-a inversion
operation with Landsat-8 sensing data. According to the
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regular change of chlorophyll-a concentration in sea-
water during typhoon weather [10, 11], we propose a
new typhoon disaster model named Chlorophyll-a Ty-
phoon Model (CTM), based on the regression model cor-
relating chlorophyll-a concentration growth rate with
tropical cyclone intensity and moving speed, by Shao
[12]. In particular, CTM has the following advantages:
First, there is no need to measure wind speed directly on
the sea surface. Instead, it assesses the impact of a ty-
phoon by the change of chlorophyll-a concentration in
seawater when the typhoon is approaching. Second, an
assessment more precise than that of existing methods
for rubber plantations, for example, can be performed in
different regions. One major challenge is how to find
a chlorophyll-a inversion method suitable for the
South China Sea environment. The key is to obtain
chlorophyll-a content consistent with the actual envir-
onment of the South China Sea. Therefore, by dis-
cussing the linear inversion model, the logarithmic
inversion model and the polynomial inversion model,
we get significantly better results for chlorophyll-a
concentration in the South China Sea. A detailed
comparison of these models is shown in Section 2.5.
The main contribution of this paper includes:

� A strategy for alerts using a new typhoon disaster
model, providing a hypothetical basis for typhoon
disaster assessment by measuring the impact of
chlorophyll-a variation in seawater.

� The findings from our deep dataset analysis can
help to inspire further studies on the use of
hydrological evidence in regions of typhoon
weather for assessing regional disasters.

� Our research also helps ships avoid loss of life and
property during the typhoon season.

The rest of this paper is organized as follows: Section 2
introduces three different chlorophyll-a inversion models:
Typhoon Regression Model, Fujitais Empirical Formula,
and the Balance Model of Four Forces of Typhoon. In
Section 2.5, we introduce our model named Chlorophyll-a
Typhoon Model (CTM). In Section 3, we discuss the
implementation of our Chlorophyll-a Typhoon Model. In
Section 4, we present our experiments and methods. We
analyze and discuss results in Section 5. In Section 7, we
summarize and point out limitations.

2 Background
2.1 Chlorophyll-a inversion model
The selection of a chlorophyll-a inversion formula is im-
portant for accurate measurement of chlorophyll-a con-
centration. The commonly used chlorophyll-a inversion
models include linear model, logarithmic model, and
polynomial model [13]. Due to different natural environ-
ments, different sea areas need the corresponding inver-
sion model. In this study, we need to find a suitable
chlorophyll-a inversion model through experimental dis-
cussions. The models we established and discussed are
as follows:

ChLa ¼ a� Bþ k ð1Þ

where ChLa is the concentration of chlorophyll-a, B is
the waveband we selected, and a and k are the
coefficients.

ChLa ¼ a� ln Bð Þ þ k ð2Þ

where ChLa is the concentration of chlorophyll-a, B is
the waveband we selected with natural log from Eq. (1),
and a and k are the coefficients.

Fig. 1 The framework of typhoon disaster model CTM
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ChLa ¼ a� B2 þ b� Bþ k ð3Þ
where ChLa is the concentration of chlorophyll-a, B is
the waveband we selected, and a, b, and k are the
coefficients.

2.2 Model for typhoon regression
Many complex factors like atmospheric density, fictitious
force, and wind speed impact the correlation between a
typhoon and chlorophyll-a. It is more effective to set up
the optimal combination with multiple independent var-
iables to predict and estimate dependent variables than
to use one independent variable.
The regression model is constructed with the

chlorophyll-a concentration change rate, typhoon inten-
sity, and typhoon speed, which come from the experiment
with the data from the South China Sea by Shao [12].

Rate ¼ β0 þ β1S1 þ β2S2 þ ε ð4Þ
where Rate is the change rate of chlorophyll-a concen-
tration between normal and typhoon weather; S1 is the
intensity of typhoon; S2 is the speed of typhoon; β0, β1,
and β2 are the regression coefficients and estimated by
data; and ε is the random error.

2.3 Fujitais empirical formula
Many experiments have confirmed that the longitudinal
distribution of typhoon’s atmospheric pressure above sea
surface can meet the requirements of Fujitais empirical
formula [14]. Fujitais empirical formula is as follows:

p rð Þ ¼ pE−Δp 1þ r
R

� �2� �−0:5
ð5Þ

p(r) is the atmospheric pressure of typhoon above sea
surface; pE is the standard atmospheric pressure

(generally 1000hpa); Δp is the intensity factor of ty-
phoon, which also is the pressure difference between the
environment and the center of typhoon; R is the scale

factor of typhoon; and ½1þ ðrRÞ2�
−0:5

is used to
standardize typhoon.

2.4 The balance model of four forces of typhoon
A typhoon is well-structured and strong because it is a
complete weather system. It is a type of large storm sys-
tem having a circular or spiral system of violent winds,
typically hundreds of kilometers or miles in diameter; the
structure of typhoon is clear and has a specific pathway
and landing location. There are many factors that affect
the movement of a typhoon such as pressure gradient,
centrifugal force, Coriolis force, and friction force. The
four forces balance to make ideal conditions, as follows:

Fp þ Fc þ FCo þ F f ¼ 0 ð6Þ

Fp is due to the difference in horizontal pressure, and
it pushes air particles from a high-pressure area to a
low-pressure area, as follows:

Table 1 The information of the Landsat-8 OLI data

Landsat-8 OLI

Band
no.

Band name Wavelength/
nm

Ground sample distance/
m

1 New Deep Blue 433—453 30

2 Blue 450—515 30

3 Green 525—600 30

4 Red 630—680 30

5 NIR 845—885 30

6 SWIR2 1560—1660 30

7 SWIR3 2100—2300 30

Fig. 2 The image of normal weather
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Fp ¼ ∂p
∂r

ð7Þ

Р is the atmospheric pressure of the observed place; and
г is the distance from the observed place to a typhoon.
Since the circular motion in a typhoon-specific region

is due to the inertia of an object, there is always a ten-
dency for the object to fly along the tangential direction
of the circle. This tendency is described as follows:

Fc ¼ ρ
v2

r
ð8Þ

ρ is the measure of atmospheric density in the region
of a typhoon, and ν is the wind speed of the circumferen-
tial tangential direction.
The Coriolis force is a fictitious force used to explain a

deflection in the path of a body moving in latitude rela-
tive to the earth when observed from earth. This force is
described as follows:

FCo ¼ −ρfu; tangential Coriolis forceð Þ
ρfv; meridional Coriolis forceð Þ

�
ð9Þ

f is a constant determined by the selected region: f =
2ω ∗ sin φ; ω is the angular velocity of the earth’s rota-
tion; and φ is the dimension value of the selected area,
which is positive in northern latitudes and negative in
southern latitudes.
Rubbing action on the surface may result from the

friction force of earth’s surface, as follows:

Fig. 3 The image of “Mujigae”

Fig. 4 The moving path of typhoon “Mujigae”

Fig. 5 The curve of spectrum of seawater before the atmospheric
correction

Fig. 6 The curve of spectrum of seawater after the atmospheric
correction
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F f ¼ ρkhuu; meridional friction forceð Þ
ρkhvv; tangential friction forceð Þ

�
ð10Þ

k is the friction coefficient, and are the wind
speeds, and hu and hv are the wind shear factors.

2.5 Chlorophyll-a Typhoon Model
Usually, the coefficient of friction k is estimated by the
undermined parameters. We make huhv = 1. Then, Eq.
(4) can be changed as follows:

v2

r
þ fv−

1
ρ
∂p
∂r

þ 1
f
k2v ¼ 0 ð11Þ

We make integration and induction operation between
Eq. (3) and Eq. (11), as follows:

frvþ v2 þ frv3
k″

f

� �2

¼ Δp
ρ

a2−1
a3

; a ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ r

R

� �2r
ð12Þ

By using the measured data and data fitting method,
we can find the parameters of the typhoon region. The
scale factor of the typhoon and the friction factor are ob-
tained in this way: the scale factor R = 21.9 and the fric-
tion factor k = 3.7 × 10−6. The parameters are taken into
Eq. (12), and then, we get the typhoon wind speed equa-
tion as follows:

v ¼ 1
2

−fr þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
frð Þ2 þ 4

Δp
ρ

a2−1
a3

s !
ð13Þ

Equation (12) is modified and integrated with the Eq.
(13) to obtain the wind power disaster model in the dif-
ferent regions of typhoon area based on the change rate
of chlorophyll-a concentration. The Chlorophyll-a Ty-
phoon Model (CTM) is described as follows:

S1 ¼
Rate−β0−

1
2
β2 −fr þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
frð Þ2 þ 4

Δp
ρ

a2−1
a3

s !
−ε

β1
ð14Þ

3 The model implementation
In order to build our new disaster model, we select and
classify the original satellite data. Then, according to the ty-
phoon path, we find the satellite data for the typhoon dis-
aster area. Figure 1 is the framework of the data flow that
we used to implement our Chlorophyll-a Typhoon Model.
In the model building part, we reconstructed and inno-
vated the existing models and developed our Chl-a Ty-
phoon Model. In the algorithm progress part, we made our
Chl-a Typhoon Model to be a concrete algorithm by utiliz-
ing the Chl-a Logarithmic Inversion Algorithm, Chl-a Lin-
ear Inversion Algorithm, Chl-a Polynomial Inversion
Algorithm, Typhoon Disaster Algorithm, and Four Force
Balance Algorithm. In the model implementation part, we
conducted experiments on the filtered data by substituting

Fig. 7 Chlorophyll-a absorption spectrum curve

Fig. 8 Spectrum chart
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the data for the algorithm, and our discussion led to the
results.
In this paper, the value of chlorophyll-a concentration in

the study area’s seawater is obtained by satellite data pre-
processing and chlorophyll-a inversion, and the related ex-
periments are based on the ENVI (v5.3) software platform
by Esri. We used MATLAB Software to compute the cor-
relation coefficient. The new disaster model is built by the
combination of the correlation coefficient and the inversion
result of chlorophyll-a concentration. Then, the model is
applied to evaluate the impact in different regions of the ty-
phoon area.
The framework makes the experimental process

modular and reduces the repetition rate of the experi-
mental procedure.

4 Experiments and methods
4.1 Data
The experimental data is from NASA Landsat-8 satellite,
which mainly carries two different sensors: Operational
Land Imager (OLI) and Thermal Infrared Sensor (TIRS)
[15]. The data is in TIFF format, including the band’s infor-
mation, image files, the quality evaluation file, and the meta-
data of TXT format [15]. The quality evaluation file
includes mainly the information of shooting time, solar ele-
vation, and latitude and longitude of the satellite data.

Landsat-8 data can be used to study in different fields with
different band combinations. Therefore, the Landsat-8
data can be used to calculate the inversion of
chlorophyll-a concentration in seawater. Therefore, in this
paper, we used the Landsat-8 OLI data to conduct the

Fig. 9 Correlation analysis between green light and red light

Fig. 11 The distribution of chlorophyll-a concentration in linear model
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experiment. Table 1 is the information of the Landsat-8
OLI data. By means of radiometric calibration and atmos-
pheric correction for Landsat-8 satellite data, the effects of
atmospheric interference, systematic noise, the posture of
the sensor, and so on can be removed.
In this experiment, we selected two satellite images at

different times in the same location. The central dimen-
sion (N15.9°; E111.9°) of the satellite images is the same.
Figure 2 is the satellite image on August 31, 2015, when
the weather was normal. Figure 3 is the satellite image

on October 2, 2015, when the typhoon “Mujigae” was
approaching.
We obtained the information about “Mujigae” from

the South China Sea typhoon network.

4.2 Study area
In current research, a typhoon will cause precipitation
over a large area. The precipitation over coastal land will
push phytoplankton and soluble organic matter into

Fig. 10 Correlation analysis between green light and red light

Fig. 12 The distribution of chlorophyll-a concentration in logarithmic model
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coastal seawater, which will cause an increase of
chlorophyll-a concentration in coastal seawater [16]. At
the same time, with population increase and develop-
ment of industry and agriculture in recent years, the eu-
trophication of coastal seawater has been aggravated
[17]. The above interference factors will affect the ex-
perimental results. Therefore, in this study, we chose a
study area near Xisha Island because of fewer interfer-
ence factors. Figure 4 is the detailed assessment area se-
lected according to the route of typhoon “Mujigae.”
In Fig. 4, the longitude and latitude of the study area

are E111.9°and N15.9°, respectively. We selected point A
(N16.572°; E112.154°), point B (N16.570°; E112.162°),
point C (N16.449°; E112.612°), point D (N16.395°;
E113.903°), and point E (N16.387°; E112.915°) as sample
points in the study area.
In Fig. 4, the time of the satellite image of the study

area is 11 am Beijing time on October 2, 2015. At the
same time, the position of typhoon “Mujigae” is shown
as the small gray circle. The latitude and longitude of
the small gray circle are N16.713°and E119.3°, respect-
ively. As typhoon “Mujigae” continued to move, we de-
termined the typhoon’s position nearest to the study
area through the typhoon’s path to be the biggest circle

(the latitude is N19.003°and the longitude is E114.201°)
in Fig. 4. The time of the biggest circle is 4 pm Beijing
time on October 3, 2015.

4.3 Experimental environment and method
We did satellite inversion to obtain chlorophyll-a con-
centration in seawater of the study area through the lat-
est software platform. Figure 5 is the curve of seawater
spectrum before atmospheric correction. Figure 6 is the
curve of seawater spectrum after atmospheric correction.
By comparing Fig. 5 with Fig. 6, we find that after the at-
mospheric correction, the satellite images reflect the real
situation of solar radiation.
The imagining, coding, and mathematical analysis of

the research are carried out in MATLAB because of our
expertise and robust features of its software. The correl-
ation coefficient of the new typhoon disaster model is
obtained after a binary linear regression analysis.
Experimental procedure is explained step by step as

follows:

� Obtained the typhoon level “L” of different sample
points: La, Lb, Lc, Ld, and Le.

Fig. 13 The distribution of chlorophyll-a concentration in polynomial model

Fig. 14 Chl-a value and wind speed value of sample
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� Used the chlorophyll-a inversion operation for
measuring the chlorophyll-a concentration “CHL-a”:
CHL-aA, CHL-aB, CHL-aC, CHL-aD, and CHL-aE.

� The relevant parameters of the sample points were
brought into Eq. (14) Chlorophyll-a Typhoon Model
(CTM) to obtain the calculated value “S” of the ty-
phoon’s wind intensity: SA, SB, SC, SD, and SE.

� We made the histogram of the typhoon level “L,” the
histogram of the chlorophyll-a concentration “CHL-
a,” and the curve of the wind assessment value “S”
respectively. According to a comparison of the dif-
ferent tendencies of these three graphs, we deter-
mined it is possible to assess the potential of
typhoon disaster in advance by studying the
chlorophyll-a concentration of different sample
points in seawater when the typhoon is approaching.

5 Results and discussion

6 Chlorophyll-a concentration
The phytoplankton in the South China Sea is domi-
nated by dinoflagellates and diatoms [18]. By studying
algae in different water bodies, Zhao and others found
that the spectral signature of the curve of the spectrum
are common to water bodies, and at the same time, due
to the low absorption of algae, there is a wide range of
maximum reflectance near the wavelength of 560 nm
[19]. The absorption rate curve of chlorophyll-a is
drawn by measuring datum, and Fig. 7 is obtained.

In Fig. 7, we can find that the absorbance rate of
chlorophyll-a is the lowest in the range of 500 nm to
560 nm, which means the reflectance is highest in this
region. Figure 8 is the spectrum chart. By comparing
Figs. 7 and 8, we find that the highest reflectivity region
belongs to the green band [20, 21].
By observing the chlorophyll-a absorption spectrum

curve in Fig. 7 and the spectrum chart in Fig. 8, we find
that it also has a low absorption rate in the range of 450
to 475 nm and the range of 620 to 650 nm, which belong
to the blue and red bands, respectively. We analyzed the
correlation of the green band with the red and blue
bands, respectively, then drew the curve and arrived at
Figs. 9 and 10. Through a correlation comparison, we
found that in Fig. 9, there is not too much difference be-
tween the green and blue bands; in Fig. 10, the green
and red bands are consistent in most areas. Finally,
through correlation comparison and the chlorophyll-a
absorption spectrum curve, we chose to use the green
band to do the inversion operation of chlorophyll-a
content.
The inversion of chlorophyll-a content was carried out

according to the formulas of Chl-a Linear Inversion Algo-
rithm, Chl-a Logarithmic Inversion Algorithm, and Chl-a
Polynomial Inversion Algorithm. Figures 11, 12, and 13
show the distribution of chlorophyll-a concentration in the
study area. According to the distribution histograms, we
find that the concentration of chlorophyll-a is mainly con-
centrated in 0–9 (μg/L) and is in a reasonable range [22].

Table 2 National standards for tropical cyclones in China

Grade of tropical cyclones The maximum average wind speed near the
center of the bottom (m × s−1)

The maximum wind near the center
of the bottom (level)

Tropical depression 10.8~ 17.1 6~ 7

Tropical storm 17.2~ 24.4 8~ 9

Severe tropical storm 24.5~ 32.6 10~ 11

Typhoon 32.7~ 41.4 12~ 13

Severe typhoon 41.5~ 50.9 14~ 15

Super typhoon ≥51.0 16 or above

Fig. 15 The distribution in the normal weather
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Che and Ran studied the distribution of chlorophyll-a
concentration in the South China Sea in summer and
found Chl-a content varied from below detection to 0.51
(μg/L) with an average of 0.10 ±0.09 (μg/L) and de-
creases gradually with depth below 50 m, reaching zero
at a depth of 200 m [23]. So by comparing Figs. 11, 12
and 13, we find that chlorophyll-a concentration in
Fig. 11 is closer to real values. So, we chose the
chlorophyll-a concentration from Fig. 11 to be the ex-
perimental datum of the Chlorophyll-a Typhoon Model.
Then, we obtain the concentration of chlorophyll-a at

sample points A, B, C, D, and E. As shown in Fig. 14,

the value of point A is 5 (μg/L), the value of point B is 5
(μg/L), the value of point C is 6 (μg/L), the value of
point D is 8(μg/L), and the value of point E is 8(μg/L).

6.1 Typhoon wind speed
We obtained the correlation coefficient of CTM by lin-
ear regression analysis. Then, the correlation coefficient
and the change rate of chlorophyll-a concentration at
the sample points are brought into CTM. In this way,
we obtained the calculated value “S” of the wind assess-
ment value at the sample points. As shown in Fig. 14,
the value of SA is 23.32 (m/s), the value of SB is

Fig. 16 The distribution in typhoon “Mujigae”

Fig. 17 The relationship between CHL-a value, wind speed, and typhoon level

Wu et al. EURASIP Journal on Wireless Communications and Networking        (2018) 2018:293 Page 10 of 12



31.31(m/s), the value of SC is 38.20(m/s), the value of
SD is 39.13(m/s), and the value of SE is 41.13(m/s). The
wind speed assessment values at sample points are in
line with the national standards for tropical cyclones in
China, as shown in Table 2.

6.2 The discussion between chlorophyll-a concentration
and the wind power value
Figure 15 shows the distribution of chlorophyll-a con-
centration in the seawater of the study area during nor-
mal weather by satellite inversion on August 31, 2015.
From Fig. 15, we can see that during normal weather,
the distribution of chlorophyll-a is even, and the concen-
tration of chlorophyll-a is mainly concentrated around 4
(μg/L).
Figure 16 shows the distribution of chlorophyll-a con-

centration in the seawater of the study area during ty-
phoon weather by satellite inversion on October 2, 2015,
when typhoon “Mujigae” was approaching.
In Fig. 16 the white part of the image is the cloud area

caused by typhoon “Mujigae.” The distribution of
chlorophyll-a concentration appears irregular when ty-
phoon “Mujigae” was approaching. We see chlorophyll-a
concentration in seawater of the study area is in 0.11–
9.99(μg/L), and the highest chlorophyll-a concentration
is 9.99(μg/L). The place of the highest concentration is
near the area of the blast ring of typhoon “Mujigae.” The
concentration of chlorophyll-a in the remaining area is
different as determined by the wind power of typhoon
“Mujigae.”
By comparing Figs. 15 and 16, we draw the following

conclusions:

� Concentration of chlorophyll-a in the seawater
changes upon the arrival of the typhoon. The figures
clearly demonstrate that the concentration of
chlorophyll-a is not unique.

� There is a correlation between the concentration of
chlorophyll-a in seawater and the wind power of a
typhoon.

� Higher strength of wind means higher chlorophyll-a
concentration in the same area.

As shown in Fig. 17, we compared the relationship
among chlorophyll-a concentration value, wind assess-
ment value, and typhoon level of “Mujigea” at the sam-
ple points.
From Fig. 17, we see that the variations of

chlorophyll-a concentration, the wind assessment value,
and the wind level of typhoon “Mujigea” at the sample
points tend to be the same.
From the above experimental analysis, we draw the

conclusion that at the time of the typhoon the change of
the chlorophyll-a content in seawater can be used to

estimate the typhoon’s wind force in that specific area.
The content of chlorophyll-a in different regions of the
seawater indicates that the wind force is different in dif-
ferent regions. When the content of chlorophyll-a in
seawater is higher, the wind force is stronger. The afore-
mentioned experimental results ensure that our new
proposed typhoon disaster model (14) is feasible and ef-
fective for the prediction of typhoon disaster. The model
also provides a new approach to study regional typhoon
disaster. With help from the data on chlorophyll-a con-
centration in seawater of the typhoon disaster area, ships
can choose a safe alternate route to avoid loss caused by
typhoon disaster.

7 Conclusion
In our study and research in this paper, we present a
strategy for alerts using a new typhoon disaster model,
forming a hypothetical basis for typhoon disaster assess-
ment according to the impact of chlorophyll-a variation
in seawater. Our study provides a deep dataset analysis
and helps elaborate a new idea, inspiring further studies
on the use of hydrological evidence in typhoon weather
to assess regional disaster. Moreover, our research also
helps ships avoid life and property loss during typhoon
weather. Though the current solution still has limits,
our research is creative and innovative, and the model
could be improved in the future:

� The Landsat-8 satellite data selected in this paper is
susceptible to cloud interference. It is suggested that
microwave remote sensing satellite data be used,
such as the satellite data of GF-3, which has been
launched in China. If conditions permit, we recom-
mend using a combination of the chlorophyll-a con-
centration value obtained from a buoy in seawater
and the satellite inversion method. In this way, the
accuracy of chlorophyll-a concentration in seawater
during typhoon weather can be improved.

� The data discontinuity in time leads to imprecise
results and an inaccurate qualitative analysis.

� Further study should be carried out in different
regions of the Pacific Ocean utilizing wireless sensor
networks (WSN) [24, 25], as we focused in this
research only on the South China Sea.
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