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Abstract 

According to the characteristics of seawater intrusion evolution in the study area, the 
influencing factors of seawater intrusion in the northern part of Weifang are analyzed 
from the aspects of geological environment, natural environment and human factors. 
The 12 secondary indexes of 3 aspects affecting seawater intrusion were analyzed by 
analytic hierarchy process (AHP) to determine the weight. Geological environment is the 
decisive factor of seawater intrusion and its weight is 0.63, followed by human factors 
and natural environment, whose weight is 0.26 and 0.11, respectively. The analysis 
results can provide a basis for the establishment of seawater intrusion prediction model. 
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1. Introduction 

The Analytic Hierarchy Process (AHP) is a multi-objective decision-making analysis method 

proposed by the American operations researcher T.L.Saaty. This method can quantitatively analyze 

some qualitative factors, such as the experience of decision-makers and experts. The basic idea is to 

build a hierarchical index system and construct a judgment matrix among elements by comparing the 

importance of each index. Through the data processing of the judgment matrix, the value of the 

importance degree of the elements to the upper level is obtained. APH method can be used to analyze 

many influencing factors of seawater intrusion, and the factors that have the greatest influence on 

seawater intrusion can be obtained. A better result can be obtained by simplifying calculation when 

establishing the prediction model in the later stage.  

2. Analysis of influencing factors of seawater intrusion in the study area 

The formation of seawater intrusion requires certain geological and hydrogeological conditions in the 

seawater intrusion area, so that there is hydraulic connection between seawater and underground fresh 

water, and there is water head difference at the interface between seawater and groundwater fresh 

water. Many conditions, such as geological environment, natural climate and human activities, will 

affect the depth and breadth of seawater intrusion. 

3. Establishment of index system 

The influence of seawater intrusion in the study area mainly includes geological environment, natural 

environment and human factors. Based on this, a hierarchical structure is established and the 

influencing factors are divided into two levels (Table 1). 

The factor set of the first layer of influencing factors I= {A; B; C} includes geological environment 

(A), natural environment (B) and human factors (C). The factor set of the second layer of influencing 

factors Ai= {A1; A2; A3} includes coastline (A1), hydraulic conductivity of aquifer (A2) and aquifer 
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dispersion (A3); Bi = {B1; B2 ; B3; B4} includes climate warming (B1), rainfall (B2), tidal action 

(B3) and storm surge (B4); Ci = {C1; C2 ; C3; C4; C5} includes overmining of fresh water resources 

(C1), development of brine resources (C2), mariculture (C3), sand mining along the river (C4), and 

river interception and storage (C5). 

 

Table 1. Comprehensive evaluation index system for influencing factors of sea water intrusion in 

northern Weifang 

Target First-level indicator Second-level indicator 

Influencing 
Factors Of 

Sea water 

invasion in 

northern 

Weifang 

geological environment (A) 

Coastline (A1) 

hydraulic conductivity of aquifer (A2) 

aquifer dispersion (A3) 

natural environment (B) 

climate warming (B1) 

Rainfall (B2) 

tidal action (B3) 

storm surge (B4) 

human factors (C) 

overmining of fresh water resources (C1) 

development of brine resources (C2) 

Mariculture (C3) 

sand mining along the river (C4) 

river interception and storage (C5) 

 

3.1 The judgment matrix T is constructed by using nine scale method 

According to the hierarchical structure, the importance degree is assigned by 1-9 to construct a 

judgment matrix (importance scale value). That is to say, through pairwise comparison of influencing 

factors by experts, the imitative quantification is carried out in a nine-scale table according to the 

magnitude of importance. The weight values of each factor constitute a "construction judgment 

matrix". After consistency test, the maximum eigenvalue vector of the matrix is the weight vector of 

the corresponding factors. 

3.2 Hierarchical single arrangement and consistency check 

After establishing the judgment matrix, it is necessary to carry out hierarchical sorting. Single ranking 

refers to the relative weight of each factor of a judgment matrix according to its criteria. 

3.3 The consistency of the judgment matrix 

It is difficult to judge the consistency because of the singleness and one-sidedness of people's 

understanding of the system factors and the complexity of the judgment matrix problem. Therefore, 

it is necessary to carry out consistency testing. When the order of the judgment matrix is more than 

2, the first-order and second-order judgment matrices are always consistent, and the ratio is 

C.R.=C.I./R.I.                                (1) 

 

Table 2. Table of random consistency index values 

Index Consistency ratio(C.R.) Weight 𝜆𝑚𝑎𝑥   

Influencing factors of seawater intrusion 0.037 1 3.037 

Geological environment (A) 0.051 0.633 3.053 

Natural environment (B) 0.060 0.106 4.160 
Human factors (C) 0.091 0.260 5.410 

 

Among them, 𝐶. 𝐼. is the consistency index, 𝐶. 𝐼. = (𝜆𝑚𝑎𝑥  − 𝑛)/(𝑛 − 1) ,𝜆𝑚𝑎𝑥    the maximum 

eigenvalue of the judgment matrix; n  order of judgment matrix. 𝑅. 𝐼. is a random consistency 
index, which changes with the order of the judgment matrix. When C.R.<0.1, the judgment matrix is 

considered to be completely consistent; when C.R.>0.1, the judgment matrix is considered to be 
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inconsistent and needs to be revised. Its values are shown in Table 2, from which it can be seen that 

the consistency ratios of the three first-level indicators are respectively 0.051, 0.060 and 0.091, all 

less than 0.1. The judgment matrix of the constructed index system has complete consistency, and 

weight calculation can be carried out. 

3.4 Determination of judgment matrix and analysis of results 

Due to the large number of indicators, it takes a lot of calculation to solve the eigenvalue of matrix 

and test the consistency. Therefore, the APH software is used to calculate the eigenvalue of the 

judgment matrix and test the consistency of the matrix, and further calculate the weight of the index. 

 

Table 3. Judgment matrix I-A,B,C and weight coefficient calculation results table 

I A B C Wi 

A 1 5 3 0.63 

B 0.20 1 0.33 0.11 

C 0.33 3 1 0.26 

 

Table 4. Judgment matrix A-Ai and weight coefficient calculation results table 

A A1 A2 A3 Wi 

A1 1.00 3.00 1.00 2.00 

A2 0.33 1.00 0.25 0.50 

A3 1.00 4.00 1.00 1.00 

 

Table 5. Judgment matrix B-Bi and weight coefficient calculation results table 

B B1 B2 B3 B4 Wi 

B1 1.00 0.11 0.20 0.25 0.04 

B2 9.00 1.00 6.00 0.60 0.65 

B3 5.00 0.16 1.00 1.00 0.15 

B4 4.00 0.17 1.00 1.00 0.14 

 

Table 6. Judgment matrix C-Ci and weight coefficient calculation results table 

C C1 C2 C3 C4 C5 Wi 

C1 1.00 4.00 7.00 7.00 8.00 0.54 

C2 0.25 1.00 3.00 5.00 5.00 0.23 

C3 0.14 0.33 1.00 0.25 1.00 0.05 

C4 0.14 0.20 4.00 1.00 2.00 0.11 

C5 0.12 0.20 1.00 0.50 1.00 0.05 

 

4. Conclusion 

Geological environment is the decisive factor of seawater intrusion and its weight is 0.63, followed 

by human factors and natural environment, whose weight is 0.26 and 0.11, respectively. Among all 

the 12 secondary index factors, the coastline environment is the most influential factor with a weight 

of 0.37. The overexploitation of fresh water resources is also an important influencing factor, with a 

weight of 0.14. The amount of rainfall also has a great influence on seawater intrusion, with a weight 

of 0.07. The weight of other nine secondary indicators is small. When the data is incomplete or the 

amount of calculation is large, the influence factors with less weight can not be considered in the 

seawater intrusion simulation prediction. 
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