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Abstract: The risk of marine disasters based on flooding is one of the most significant natural disasters
in coastal zones. It can be said that flooding in coastal zones has typical sea–land characteristics.
Yet, relatively little research has been done in this area. Thus, by using the characteristics of marine
disaster risk based on flooding in Qingdao and combining marine science and land science methods,
this paper constructs a targeted indicator system for the flooding risk from marine disasters from the
perspectives of the disaster natural chain and flooding process. According to the results, the Integrated
Risk Index of marine disasters based on flooding in Qingdao is 0.3694, which represents a medium
risk level for natural disasters in China’s major coastal areas. The first- and third-level indicators
with large contribution rates are almost all natural indicators. This indicates that the natural disaster
process and disaster chain greatly affect the flooding disaster risk in Qingdao. However, although
natural factors play large roles in the risk of disaster, preventive methods implemented by humans can
still have a positive effect on disaster reduction. Therefore, human society should still proceed with
understanding disasters from natural processes, change their passive response to active adaptation,
and actively strengthen preventive measures to alleviate the adverse impacts of increasingly serious
natural disasters.

Keywords: flooding; marine disaster; risk; coastal city

1. Introduction

1.1. Background

The impacts of climate change will inevitably influence the whole world [1]. In addition to
changes in basic climate elements, climate change will also increase the frequency, intensity, and risk
of extreme weather events and natural disasters [2]. Flooding caused by typhoons and storm surges is
one of the most significant natural disasters for coastal zones [3,4]. In addition, under the influence of
climate change, the growth rate of the regional extreme water level has already reached 2.0–14.1 mm/a
in China’s coastal areas due to extreme weather events and rising sea levels [5,6]. Therefore, it is
necessary to focus on the flooding caused by marine disasters in coastal areas and incorporate climate
change impacts into natural disaster planning and management.

Sustainability 2019, 11, 468; doi:10.3390/su11020468 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-5711-0003
http://www.mdpi.com/2071-1050/11/2/468?type=check_update&version=1
http://dx.doi.org/10.3390/su11020468
http://www.mdpi.com/journal/sustainability


Sustainability 2019, 11, 468 2 of 16

It can be said that flooding in the coastal zone has typical sea–land characteristics. From the
perspective of flood sources, floods in coastal zones are affected by factors such as storm surge and
rising sea levels [7–12], while from the perspective of submerged land, the coastal zone is similar to
the inland zone, and the submerging process is also affected by factors such as topography, land use,
and building distribution [13–18]. Therefore, as the risk assessment of coastal zone marine disasters is
based on flooding, it needs to be targeted to reflect these typical sea–land characteristics.

According to the literature, there has been relatively little research on the risk assessment of
flooding disasters based on sea–land characteristics. Some of the studies only focused on the generation
of flooding and considered cities as different kinds of sloping interfaces from the perspective of marine
science [19–22]. And the RISC-KIT (resilience-increasing strategies for coasts-toolkit) index-method was
applied in the Molise region, which takes the natural, social, and economic factors into consideration
and focuses on the hazard and exposure indicators. Moreover, the dynamic models were coupled with
the RISC-KIT index-method which paid attention to coastal vulnerability and risk from the perspective
of the storm surge and sea level rise in England, Italy, Poland, and other countries [4,23–26]. Other
research has addressed this topic from a terrestrial science perspective and focused on flooding caused
by urban rivers and the impact of disaster losses, while ignoring the natural processes related to the
unique source of flooding in coastal zones [20,23,27–29].

In contrast, the marine scientific method places more emphasis on studying the dynamic processes
of increased water generation [30,31]. So for the simulation of flooding in marine disaster risk
assessment, the marine science model can more accurately calculate the increasing storm surge process.
Land science research has focused on the land interface process, which includes the submerging of
ground structures and the loss brought by submergence [32]. In the process of submerging in inland
areas [33], the land model is more accurate due to its comprehensive consideration of the coastline,
dykes, land elevation, land-use types, and socio-economic conditions. Therefore, since the core part
of the risk assessment is to comprehensively reflect the entire disaster process or disaster chain, it is
important to combine the storm surge increase and land submergence in the calculation method.

The indicator system method is widely used in risk assessment because it can comprehensively
reflect the influences of natural factors and social and economic factors in terms of risk. However,
as natural data are difficult to obtain in the risk assessment process, most of the commonly used risk
indicators are social and economic indicators, resulting in limited reflection of natural risk indicators,
and thereby not showing the full degree of risk. For coastal cities, many factors influence marine
flooding disasters. If natural processes or disaster chains can be reflected accurately, they can play
significant roles in accurately describing the risk of disasters.

1.2. Study Areas

Qingdao is located on the southeast coast of the Shandong Peninsula in China [34], bordering
the Yellow Sea (Figure 1). Affected by climate change, the characteristics of a maritime climate have
become more prominent. Qingdao is affected by severe weather events such as typhoons and heavy
rain throughout the year. Especially when typhoons cross, the combination of wind, storms, and tides
can lead to a serious disaster.



Sustainability 2019, 11, 468 3 of 16
Sustainability 2018, 11, x FOR PEER REVIEW  3 of 16 
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Regarding the Qingdao study area, the cause and effect sequence of a Qingdao marine disaster 
based on flooding is as follows: a typhoon causes a rainstorm and an increase in the wind field, which 
can affect the storm surge to some extent, and lead to extreme tide levels and an increase in water, 
thus causing a flooding-based marine disaster; at the same time, the rise in sea level will also cause 
an increase in basic water levels, which will result in the risk of flooding (Figure 2). 

Figure 1. Map of Qingdao.

Regarding the Qingdao study area, the cause and effect sequence of a Qingdao marine disaster
based on flooding is as follows: a typhoon causes a rainstorm and an increase in the wind field, which
can affect the storm surge to some extent, and lead to extreme tide levels and an increase in water,
thus causing a flooding-based marine disaster; at the same time, the rise in sea level will also cause an
increase in basic water levels, which will result in the risk of flooding (Figure 2).
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Figure 2. The cause and effects of Qingdao marine disaster based on flooding. 
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tf0515), yellow sea west folding type (e.g., tf1105), offshore north type (e.g., tf1109), high latitude 
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offshore steering type (e.g., tf8114). The wind fields of these various types of typhoon in the four 
scenarios (current, 2025, 2035, and 2055) were calculated in turn, using the average central air 
pressure and central wind speed changes of the eight types of typhoon in the four scenarios (current, 
2025, 2035, and 2055). 
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The basic information related to sea level rise was obtained from the observation data of the No. 
5 Qingdao Coastal Pier Monitoring Station and the Wheat Island Sites Monitoring Station. The 
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Figure 2. The cause and effects of Qingdao marine disaster based on flooding.

Qingdao is a member of C40 Cities Climate Leader Group, because of its important role in the
climate adaption in the coastal cities. In addition, the case study was performed on Qingdao, a typical
coastal city in Northern China, to build a risk assessment method for flooding in coastal zones with
typical sea–land characteristics. Additionally, the study provides certain technical support for disaster
prevention and mitigation in coastal zones worldwide.

2. Materials and Methods

Based on the characteristics of marine disaster risk due to flooding, this study combined the
marine science and land science methods to obtain basic data indicators of the natural disaster chain
and process of flooding in Qingdao through a survey and research results. A targeted indicator system
based on the flooding risk of marine disasters was constructed and an effective assessment of the risk
of marine disasters in Qingdao was carried out.

It should be noted that this paper focused on the risk assessment and main influencing factors of
flooding-based marine disasters in Qingdao, and other marine disasters such as green tide (canola)
and seawater intrusion were not considered.

2.1. Typhoon

According to the calculations of the Qingdao Meteorological Bureau, the eight typical typhoon
types affecting Qingdao are as follows: landing north type (e.g., tf0509), landing turning type
(e.g., tf0515), yellow sea west folding type (e.g., tf1105), offshore north type (e.g., tf1109), high latitude
westward type (e.g., tf1210), far sea impact type (e.g., tf7308), landing padding type (e.g., tf7708),
and offshore steering type (e.g., tf8114). The wind fields of these various types of typhoon in the four
scenarios (current, 2025, 2035, and 2055) were calculated in turn, using the average central air pressure
and central wind speed changes of the eight types of typhoon in the four scenarios (current, 2025, 2035,
and 2055).

2.2. Sea Level Rise

The basic information related to sea level rise was obtained from the observation data of
the No. 5 Qingdao Coastal Pier Monitoring Station and the Wheat Island Sites Monitoring
Station. The calculations were based on the relevant dataset of the CMIP3 model (Coupled Model
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Intercomparison Project 3), and three commonly used greenhouse gas emission scenarios: B1, A1B,
and A2. The CO2 concentration in the atmosphere and the CO2 equivalent emission concentration
were also used in the calculation process. The coupled model of the ocean atmosphere and circulation
was combined with the sea level change data of Qingdao under the background of climate change
as follows: in the case of a temperature increase of 2 ◦C, the sea level will rise by 4–10 cm (7 ± 3),
8–16 cm (12 ± 4), and 14–28 cm (21 ± 7) in 2025, 2035, and 2055, respectively; in the case of warming
by 4 ◦C, the sea level will rise 5–11 cm (8 ± 3), 10–18 cm (14 ± 4), and 16–32 cm (24 ± 8) in 2025, 2035,
and 2055, respectively.

2.3. Storm Surge

The main factor leading to flooding in the coastal zone is storm surge, which is the main difference
from flooding in inland cities. Therefore, accurate simulation of the natural storm surge process is the
primary consideration for coastal flooding simulations.

Based on the characteristics of storm surge water increase in Qingdao, this paper selected the
hydrodynamic calculation “ADCIRC” model (advanced circulation), which is a high-performance,
cross-platform, numerical ocean circulation model that is popular for simulating storm surge, tides,
and coastal circulation problems. The model uses the time-average continuous equation and motion
equation along with the water depth integral to accurately portray the shoreline. On this basis,
this study considered the eight types of typhoons affecting Qingdao and the average sea level rise in
Qingdao for 2025, 2035, and 2055 (for increases of 2 ◦C and 4 ◦C in temperature). The meta-method
was used to simulate the solution, and the basic equations of the storm surge were numerically solved
in consideration of the well-defined boundary conditions and initial conditions in Qingdao. The storm
surges were simulated under the tropical cyclone event set. All water level changes were calculated
for the four scenarios (current, 2025, 2035, and 2055), three phases (at high tide, middle tide, and low
tide), and eight types of typhoons (128 frequency in total). At the same time, the tidal water level
changes in three phases and real conditions (32 frequency in total) were calculated. Based on the above
steps, the spatial and temporal distribution of storm surge levels and storm currents in Qingdao were
determined. It should be mentioned that the research area calculation grid was established with SMS
(surface–water modeling system) meshing software.

2.4. Submerging

According to related research [35], the ground topographical changes of a coastal zone can have a
great impact on storm surges, which are often only a few kilometers in magnitude. Therefore, in flood
simulations, attention to topography and terrain is required.

The D8 Seed Spread Model is a functional model supported by ArcGIS software [36]. Its main
function is to simulate submerging under different water levels according to the topography and
distribution of buildings [37]. In this model, the input factors are as follows: storm water and
floodplains affected by typhoons and sea level rise, coastline elevation, topography, land use
extracted from a TM (thematic mapper) image, imperviousness, and building distribution as well
as socio-economic data (obtained from the bulletin and literature data). After vectorization of the
geographic information, the submerging range and land use were simulated according to the D8 Seed
Spread Model (Figure 3). One of the key procedures of the D8 Seed Spread Model is to derive the
hydrologic characteristics of a surface according to the topography, and then determine the direction of
flow from every cell in the raster [38]. In the Qingdao study area, the D8 Seed Spread Model was used
to eliminate the low elevation point areas far from the coastline and the annular zonal unconnected
areas [39], such as hills and mountains, to predict the active flowing area.
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Figure 3. The submerging scope and land use of Qingdao under the influence of various types of
typhoons. (a) Landing north type (e.g., tf0509); (b) landing turning type (e.g., tf0515); (c) Yellow Sea
west folding type (e.g., tf1105); (d) offshore north type (e.g., tf1109); (e) far sea impact type (e.g., tf7308);
(f) landing padding type (e.g., tf7708); (g) offshore steering type (e.g., tf8114); and (h) high latitude
westward type (e.g., tf1210).
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The submerging area ratio and submerging area of the economic loss rate were estimated with
the submerging scope and the economic loss price from the Qingdao Statistics Yearbook [34] (Table 1).

Table 1. The submerging area ratio and submerging area of the economic loss rate.

Land Use Types
The Minimum

Submerging Area
Ratio

The Maximum
Submerging Area of
Economic Loss Rate

The Minimum
Submerging Area

Ratio

The Maximum
Submerging Area of
Economic Loss Rate

Construction land 52.61% 99.71% 50.77% 99.68%
Agriculture land 10.92% 0.02% 9.20% 0.01%

Forest land 0.82% 0.00% 0.52% 0.00%
Grass land 0.95% 0.00% 0.80% 0.00%
Water land 38.20% 0.30% 36.28% 0.28%

2.5. Risk Assessment

Based on the actual situation in Qingdao combined with our research results from the bulletin and
literature data, this study built a targeted assessment indicator system of the flooding-based marine
disaster risk in Qingdao, as shown in Table 2.

Based on the cause and effect sequence, the indicator system divides the factor layers into four
parts: typhoon, sea level rise, storm surge, and submerging. Based on the risk composition [4,22],
the first level is divided into the Hazard Index, the Vulnerability Index, and the Precaution Index.

In the first level, the Hazard Index refers to the risk source. In a climate system, risk occurs when
abnormal processes or changes reach a certain threshold where the greater the degree of abnormality
of the process or change is, the greater the risk [22]. The Vulnerability Index refers to and is symbolic of
the risk carrier—humans and their social activities. The Precaution Index refers to the precautions and
measures adopted by the risk carrier [22]. Additionally, the second and third level indicators are listed
in turn, according to the characteristics of the first level indicators. From the classification of indicators,
we can be seen that the Hazard Index mainly refers to natural factors, while the Vulnerability Index
and Precaution Index include artificially controllable factors that can be controlled by humans.

Table 2. Assessment indicator system of the flooding-based marine disaster risk in Qingdao.

Target
Layer

(A)

Disaster
Factor
Layer

(B)

Weight of
Factor
-Level

Indicators
(WB)

First-Level
Indication

(C)

Weight of
First-
Level

Indicators
(WC)

Second-
Level

Indicators
(D)

Weight of
Second-
Level

Indicators
(WD)

Third-Level Indicators (E)

Weight of
Third-Level
Indicators

(WE)

In
te

gr
at

ed
R

is
k

In
de

x
of

Q
in

gd
ao

m
ar

in
e

di
sa

st
er

ba
se

d
on

flo
od

in
g

(A
)

Ty
ph

oo
n

R
is

k
Fa

ct
or

La
yl

a
(B

1)

0.2352

Hazard
Index (C1) 0.6688

Intensity
(D1) 0.6663

Maximum wind speed during
typhoon process (E1) 0.2125

Wind speed intensity during
typhoon process (E2) 0.2375

Maximum precipitation during
the typhoon process (E3) 0.1438

Typhoon process impact
duration (E4) 0.2063

Typhoon maximum wind
speed climate trend (E5) 0.1000

Typhoon wind speed intensity
climate trend (E6) 0.1125

Frequency
(D2) 0.3338

Typhoon annual generation
frequency climate trend (E7) 0.3625

Typhoon year landing
frequency climate trend (E8) 0.6375

Vulnerability
Index (C2) 0.2288

Exposure
(D3) 1.0000

Typhoon-affected area
population density (E9) 0.5188

Typhoon-affected regional
GDP (E10) 0.4813

Precaution
Index (C3) 0.1025 1.0000 Financial support (E11) 1.0000
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Table 2. Cont.

Target
Layer

(A)

Disaster
Factor
Layer

(B)

Weight of
Factor
-Level

Indicators
(WB)

First-Level
Indication

(C)

Weight of
First-
Level

Indicators
(WC)

Second-
Level

Indicators
(D)

Weight of
Second-
Level

Indicators
(WD)

Third-Level Indicators (E)

Weight of
Third-Level
Indicators

(WE)

Se
a

Le
ve

lR
is

e
R

is
k

Fa
ct

or
La

ye
r

(B
2)

0.1024

Hazard
Index (C4) 0.4188

Frequency
(D4) 1.0000

Sea level rise extent (E12) 0.8025

Sea level rise probability (E13) 0.1975

Vulnerability
Index (C5)

0.4575
Exposure

(D5) 0.5625

Sea level rise-affected regional
population density (E14) 0.5563

Sea level rise-affected per
capita GDP (E15) 0.4500

Sensitivity
(D6) 0.4375

Coastal erosion (E16) 0.6188

Salt tide invasion (E17) 0.3813

Precaution
Index (C6) 0.1238

Protective engineering foundation (E18) 0.4125

Storm surge standard of sea dam (E19) 0.4188

Financial support (E20) 0.1688

St
or

m
Su

rg
e

R
is

k
Fa

ct
or

La
ye

r
(B

3)

0.2975

Hazard
Index (C7) 0.6225

Intensity
(D7) 0.6688

Normal tide level (E21) 0.1913

The highest increase water in
history (E22) 0.2400

Typhoon/cold air intensity
(E23) 0.3438

Ground elevation (E24) 0.2375

Frequency
(D8) 0.3313 Historical sample statistics

frequency (E25) 1.0000

Vulnerability
Index (C8)

Exposure
(D9) 0.5750

Storm surge-affected regional
population density (E26) 0.5750

Sea storm surge-affected per
capita GDP (E27) 0.4250

0.2688
Sensitivity

(D10)
0.4250

Economic loss rate (E28) 0.5938

Potential population casualty
rate (E29) 0.4063

Precaution
Index (C9) 0.1088

Financial support (E30) 0.4350

Protective engineering foundation (E31) 0.5650

Su
bm

er
gi

ng
R

is
k

Fa
ct

or
La

ye
r

(B
4)

0.3649

Hazard
Index (C10) 0.2738

Construction land submerging area ratio (E32) 0.5329

Forestry land submerging area ratio (E33) 0.1102

Agriculture land submerging area ratio (E34) 0.1287

Grass land submerging area ratio (E35) 0.0871

Terrestrial water submerging area ratio (E36) 0.1411

Vulnerability
Index (C11) 0.6092

Construction land submerging area economic loss
rate (E37) 0.4195

Forestry land submerging area economic loss rate (E38) 0.2206

Agriculture land submerging area economic loss rate (E39) 0.0653

Grass land submerging area economic loss rate (E40) 0.1252

Terrestrial water submerging area economic loss rate (E41) 0.1694

Precaution
Index (C12) 0.1170

Financial support (E42) 0.3176

Protective engineering foundation (E43) 0.6823

2.5.1. Standardization of Indicators

Since the dimensions of the different indicators are different, it is necessary to standardize them
and convert them into dimensionless values between 0 and 1. The standardized formula for all levels
is as follows [4]:

Xi =
(xi − Xmin)

(Xmax − Xmin)
(1)

where Xi is the dimensionless value of the indicators; xi is the current values of the indicators; Xmax is
the maximum value of the indicators; and Xmin is the minimum value of the indicators.



Sustainability 2019, 11, 468 10 of 16

2.5.2. Determination of Weight

Using the AHP (analytic hierarchy process) [40], expert scoring method [41], and comparison
matrix method [42], a comparison matrix was constructed and the weights of the indicators were
obtained at each level.

The comprehensive matrix method was used to determine the weights of the indicators. Matrix
B was mutually influenced. The corresponding relationship between the bij value and the relative
importance of the indicators were defined as follows (Table 3):

bij > 0; bij = 1/bji; and bii = 1.

Table 3. Comparison matrix.

B B1 B2 . . . Bj . . . Bn

B1 b11 b12 . . . b1j . . . b1n
B2 b21 b22 . . . b2j . . . b2n
. . . . . . . . . . . . . . .
Bi bi1 bi2 . . . bij . . . bin
. . . . . . . . . . . . . . .
Bn bn1 bn2 . . . bnj . . . bnn

In this study, the following relations were used:

Bi is as important as Bj, bij = l, bji = l

Bi is slightly more important than Bj, bij = 3, bji = l/3

Bi is obviously more important than Bj, bij = 5, bji = l/5

Bi is more important than Bj, bij= 7, bji = l/7

Bi is much more important than Bj, bij = 9, bji = l/9

If the relative importance of the compared elements is between the above two adjacent judgments,
bij = 2, 4, 6, 8, bji = 1/2, 1/4, 1/6, 1/8.

2.5.3. Calculation of Integrated Risk Index

The Integrated Risk Index and Contribution Rate are as follows [4,22]:

IRI = H·V·(1 − P) (2)

where IRI is the Integrated Risk Index; H is the Hazard Index; V is the Vulnerability Index; and P is the
Precaution Index.

When IRI is between (0, 1), the greater the IRI is, the greater the risk is (4, 22).

CR =
EW
IRI

∗ 100% (3)

where CR is the Contribution Rate; IRI is the Integrated Risk Index; E is the value of the indicators;
and W is the weight of the indicators.

3. Results and Analysis

3.1. Comprehensive Assessment of Marine Disaster Risk

The data from the comprehensive assessment are shown in Table 4.
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Table 4. Integrated Risk Index of flooding-based marine disasters in Qingdao.

Disaster Factor Layer Hazard
Index

Vulnerability
Index

Precaution
Index Risk Value Contribution

Rate

Typhoon Risk (B1) 0.4397 0.1957 0.3176 0.3822 24.34%
Sea Level Rise Risk (B2) 0.0396 0.2985 0.3455 0.1412 3.91%
Storm Surge Risk (B3) 0.3874 0.2052 0.2512 0.3509 28.26%
Submerging Risk (B4) 0.4000 0.4198 0.2934 0.4403 43.49%

Integrated Risk Index (A) 0.3694

The Integrated Risk Index classification is shown in Table 5 [22].

Table 5. The Integrated Risk Index (IRI) classification of marine natural disaster risk in China.

IRI Range <0.11 0.11–0.29 0.29–0.50 0.50–0.68 >0.68

Classification
1 2 3 4 5

Lower risk Low risk Middle risk High risk Higher risk

According to the assessment indicator system, the Integrated Risk Index (A) for the flooding-based
marine disaster risk in Qingdao (Table 4), was calculated to have a value of 0.3694. Referring to the
classification of natural disasters in China’s major coastal areas (Table 5), the rating of the risk to
Qingdao is 3, which is in the medium risk level. We can see that the Hazard Index and Vulnerability
Index contribution rates were high, where the Hazard Index refers to more natural factors and the
Vulnerability Index represents both natural factors and human factors.

Through the analysis of the contribution rate of each first-level index to the four types of disaster
factors, it can be concluded that: (1) the Hazard Index is positively correlated with the risk value
of the disaster factors, that is, the greater the Hazard Index, the higher the disaster factor level
value. For example, typhoon is the strongest risk of the four disaster factors. (2) There is a positive
correlation between the Vulnerability Index and the risk value of the disaster factor layer, for example,
the Vulnerability Index of the Flooding Risk Factor Layer (C11) was much higher than that of the Sea
Level Rise Risk Factor Layer, the Storm Surge Risk Factor Layer (C5), and the Typhoon Risk Factor
Layer (C2), so the Flooding Risk Factor Layer (B4) was the highest. (3) The Precaution Index has a
negative correlation with the risk value of the disaster factor layer, that is to say, the stronger the
Precautionary Index is, the smaller the risk value of each disaster factor layer.

Among the third-level indicators (Figure 4), the order of Contribution Rate of the Integrated
Risk Index Factors to the marine risk from highest to lowest was as follows: Wind speed intensity
during The typhoon process (E2); Maximum wind speed during the typhoon process (E1); Typhoon
process impact duration (E4); Coastal erosion (E16); Sea level rise extent (E12); Ground elevation (E24);
The highest increase in water in history (E22); Typhoon/cold air intensity (E23); Construction land
submerging area economic loss rate (E37); Terrestrial water submerging area economic loss rate (E41);
and Construction land submerging area ratio (E32).
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Figure 4. The contribution rates of the third-level indicators of the flooding-based marine disaster risk
in Qingdao.

3.2. Flooding Risk Factor Layer

The Flooding Risk Factor Layer (B4) was 0.4403, and the contribution rate to the Integrated Risk
Index (A) was 43.49%; this was shown to be the most important risk factor layer.

Among the first-level indicators of the Flooding Risk Factor Layer, the Flooding Risk Factor Layer
(B4) was positively correlated with the Hazard Index (0.4000) (C10) and the Vulnerability Index (0.4198)
(C11)—the larger the values for the two indexes were, the larger the Flooding Risk Factor Layer (B4).
The Flooding Risk Factor Layer (B4) was negatively correlated with the Precaution Index (0.2934) (C12).
If the Precaution Index (C12) was weak, the Flooding Risk Factor Layer (B4) was high.

Among the third-level indicators of the Flooding Risk Factor Layer (B4), the Construction land
submerging area economic loss rate (E37) (9.26%), Terrestrial water submerging area economic loss
rate (E41) (5.28%), and Construction land submerging area ratio (E32) (5.11%) had the three highest
contribution rates. According to the submerging map, submerging construction land mainly included
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residential land, public facilities, and enterprises. In terms of the submerging terrestrial water,
the marine aquaculture industry in Qingdao was shown to be mostly distributed in this area, which
will cause more economic losses than flooding in the agricultural land, forestry, and grassland in the
same area.

3.3. Storm Surge Risk Factor Layer

Once combined with the astronomical tide, the north-orienting typhoon affecting Qingdao City
is prone to storm surge disasters. In recent years, Qingdao has suffered one or two storm surges in
almost every year.

The risk value of the Storm Surge Risk Factor Layer (B3) was 0.3509, and the contribution rate to
the Integrated Risk Index (A) was 28.26%. Regarding the first-level Storm Surge Risk Factor Layer (B3),
the Hazard Index (C7), and Vulnerability Index (C8) of the storm surge were higher, but the Precaution
Index (C9) was weak.

Among the third-level indicators of the Storm Surge Risk Factor Layer (B3), the Ground elevation
(E24), The highest increase water in history (E22), and the Typhoon/cold air intensity (E23) were
the most important indicators contributing to the Integrated Risk Index (A), with contribution rates
of 7.33%, 6.87%, and 6.75%, respectively. According to the correlation analysis, it can be concluded
that the higher the Ground elevation (E24) is, the smaller the impact of the storm surge. The highest
increase in water in history (E22) had a certain correlation with the possibility of water increasing
during storm surge, and Typhoon/cold air intensity (E23) showed a certain positive correlation with
the risk of a storm surge.

3.4. Typhoon Risk Factor Layer

According to the statistics of storm surge disasters in Qingdao from 1898 to 2017, about 150
typhoons affected Qingdao City during that time period. North-orienting typhoons (mainly involving
land-turning, landing-north, offshore-north, and north-orienting Yellow Sea) were the main causes of
the storm surge affecting Qingdao offshore. The typhoon statistics of Qingdao over the years show
that the average wind speed intensity index (the average value of typhoon intensity in each typhoon)
affecting Qingdao was between 3.21 and 4.27, and the maximum wind speed during the typhoon
reached 47 m/s (the average maximum wind speed of the typhoons).

For the first-level risk factors, the Typhoon Risk Factor Level Index (B1) was 0.3822, and the
contribution rate to the Integrated Risk Index (A) was 24.34%. For the third-level indicators of the
Typhoon Risk Factor Level Index (B1), the Wind speed intensity during typhoon process (E2) and the
Maximum wind speed during the typhoon process (E1), and the Typhoon process impact duration
(E4) were the three most important indicators of this type of disaster. As the above three indicators
characterize the intensity and duration of the typhoon, the greater their values are, the higher the value
of the Typhoon Risk Factor Level Index (B1).

3.5. Sea Level Rise Risk Factor Layer

The main impact of sea level rise is an increase in the basic water level of the sea, which will have
increased flooding risk in the case of storm surges. In the Integrated Risk Index (A) of Qingdao, the
value of Sea Level Rise Risk Factor Layer was 0.1412 (B2), and the contribution rate was the lowest
(3.91%).

Among the first-level indicators of the Sea Level Rise Risk Factor Layer, the Hazard Index (C4) was
0.0396 and the Precaution Index (C6) was 0.3455. Among the nine third-level indicators in this layer,
Coastal erosion (E16) and Sea level rise extent(E12) were the key factors affecting the risk of sea level
rise, and the contribution rates to the Integrated Risk Index (A) were 2.53% and 2.14%, respectively.

It should be noted that although the contribution of sea level rise to Qingdao’s marine disaster
risk is comparatively small at present, the obvious upward trend of the sea level under climate change
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will affect the integrated risk of marine disasters in Qingdao in the long-term. Therefore, this is also a
hazard factor that cannot be ignored in future formulations of the adaptation policy.

4. Conclusions and Discussion

4.1. Conclusions

The fundamental purpose of risk assessment is to quantify the risk and influential factors. As a
result of climate change, disasters and disaster chain systems brought about by uncontrollable natural
factors are becoming more dramatic. Therefore, only by clarifying the natural processes of disasters,
can we effectively identify the risk of disasters occurring. By replacing passive responses with proactive
adaption, the adverse effects for the ecosystem and human society can be reduced. Flooding-based
marine disasters have had a large negative impact on Qingdao, and this is predicted to show an
increasing trend under climate change. Based on a large amount of first-hand survey data, starting
with the natural process of disasters, this paper built on the targeted flood-based marine disaster
risk assessment indicator system. According to a comprehensive evaluation, we conclude that the
indicators with large contribution rates were almost all natural. This indicates that the natural disaster
process and disaster chain greatly affect the flooding disaster risk in Qingdao, while artificial control
work (reflected by the Precaution Index) has a relatively low effect on reducing the disaster risk. From
the perspective of the evaluation method, as this paper focused on the disaster from natural processes
and risk chains, it can be concluded that natural factors still play an absolute and important role
in disaster, which cannot be revealed by the general risk assessment indicator system (which only
pays attention to the economic loss). However, despite this, the preventive methods implemented
by humans can still have a positive effect on disaster reduction. Therefore, human society should
continue to develop its understanding of disasters caused by natural processes, change its passive
responses to active adaptation, and actively strengthen preventive measures to alleviate the adverse
impact of increasingly serious natural disasters.

4.2. Discussion

Due to the limitations of the indicator system method, the uncertainty of the model could not be
obtained, and the results will have different indicators and weights. However, the attempt to integrate
and quantify various natural and human controllable factors provides certain technical support for
disaster prevention and mitigation in coastal zones.
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