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Abstract 

With the global warming, the Arctic sea ice began melting, making the opening of the 

Arctic Route possible. Due to the significant economic and strategic value of the Arctic 

Route, the change in its navigational environment has drawn the attention of all relevant-

countries. This paper from the perspective of meteorological environment, hydrological 

environment and geographical environment, AHP method is used to determine the weight of 

each index, through the expert surveys and evaluation method, evaluation matrix and 

corresponding levels of membership of all indicators are acquired. And achieve the Arctic 

Route navigation environmental factors evaluation. Through getting Arctic Route navigable 

environment evaluation results, it is useful to Arctic Route commercial navigation in the 

future. 
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1. Introduction 

Arctic routes of the "Northeast passage" and "Northwest passage" had been opened up in 

the 1920s, but due to bad ice and weather condition, so do not have commercial navigation 

conditions. In recent years, global warming, Arctic ice and snow melting make the Arctic 

route back to people's vision. Northeast passage is the shortest route connecting Europe to 

East Asia, which is shorter than the traditional Suez Canal and is called the golden waterway 

connecting Asia and Europe. At present, there is more than 30 days in the summer of the 

Northeast passage without ice. On September 10, 2013, COSCO company "Yongsheng" 

cargo ship docked at the port of Rotterdam, became the first Chinese merchant ship to 

complete the Asia-Europe route through the Northeast passage. The Arctic route has been 

preliminarily navigable, but there is no objective evaluation, this paper uses AHP-fuzzy 

comprehensive evaluation method to evaluate the main factors of navigable environment of 

Arctic route, which is the basis for the commercial opening of Arctic route. 
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2. Literature review 

There exist vast amounts of literature on various aspects of navigation in the Arctic 

region. Olivier Faury [1] proposes a decision model based on potential cost and transit time 

saving, and concludes that the northern sea route provides a competitive advantage in the 

months from august to November when conservative assumptions on ice condition are 

considered for the level of ice thickness encountered along the route and from July to 

November when a lower bound is assumed. Cariou Pierre [2] proposes due to the spot freight 

rate to fuel ratio since 2011, the speed of vessels on the SCR is at its lowest level, and 

potential NSR fuel savings are too limited to provide a viable alternative. Internalizing NSR 

environmental benefits marginally improves the attractiveness of the NSR. Saran 

Somanathan[3] models shipping through the Northwest Passage in northern Canada in order to 

see if reported recent ice thinning has made this route economic relative to the Panama Canal 

and concludes that possible future thinning of arctic ice would further improve the economics 

of the Northwest Passage. Natalia Andreassen[4]concludes that the politico-economic context 

itself has strongly influenced the development of the sustainability concept in Russia. 

Furthermore, it is suggested that, in a context of the Russian Arctic, legitimization is more 

dependent on the state position than on that of the media. ElinaBrutschin[5] proposes the 

arctic region about six percent of the Earth’s surface and an estimated 22% of the world’s 

undiscovered fossil fuel resources, and find substantial evidence of increased Arctic 

investment and trade transit followed by militarization. And claims that economic interests 

drive military activity in the Arctic rather than purely classical expansionist explanations. 

Minjoo Choi[6] proposes an uncertainty-based path planning model to find an optimal route 

under time-varying stochastic conditions. A heuristic path planning algorithm is employed, 

and different path planning models (stochastic vs. deterministic) are compared through 

simulations in two different scenarios for validation of the model. SerdarKum[7] investigate 

the marine accidents which are recorded by MAIB as occurring north of 66°33´in the years 

from 1993 to 2011 to reveal their causes by using root cause analysis, and points out that 

accident to person is found as the most observed incident. Negligence of injured person has 

the highest priority for root causes of marine accidents. 
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3. AHP-fuzzy comprehensive evaluation methods 

3.1Analytic Hierarchy Process 

AHP can be both qualitative and quantitative analysis, and can use people's experience 

to measure the relative scale of quantitative and non-quantitative, tangible and intangible 

factors. Analyzes the factors in the system and the related relationship, constructs a 

hierarchical analysis structure model, compares the factors in each level, obtains the relative 

importance degree and establishes the judgment matrix, calculates the maximum eigenvalue 

and the eigenvector of the judgment matrix, obtains the order of the importance of each layer 

factor to the upper factor, establishes the weight vector is established. The main steps are as 

follows: 

(1) Establish a hierarchy. Before applying the Analytic Hierarchy Process, it is necessary to 

establish a hierarchical diagram of the object and determine the grading index system 

(2) Construct the judgment matrix.  

(3) The columns of A are normalized and the sum of elements of row is determined 

 

(4) The normalization of .  

(5) Get the largest eigenvalue and eigenvector based on  

(6) Consistency test 

1) Consistency index  

2) From the table 1 to find the corresponding consistency index 
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When C.R <0.1, it is considered that the judgment matrix is acceptable, otherwise 

the judgment matrix should be adjusted. 

 

3.2Fuzzy comprehensive evaluation method 

Evaluation factors have some ambiguity in the evaluation of the navigation environment. 

Fuzzy comprehensive evaluation is based on the fuzzy algorithm in the evaluation process; 

make a fuzzy set between the fuzzy object and the fuzzy concept of the fuzzy object, 

establish an appropriate membership function, and through the fuzzy set theory on the 

operation and transformation, Fuzzy object for quantitative analysis for the fuzzy object 

based on the operation and transformation of the fuzzy set. The main steps are as follows: 

(1) Fuzzy object factor set ,  are the evaluation 

factors, mis the number of individual factors at the same level, and this set constitutes the 

framework of the evaluation. 

(2) Fuzzy object evaluation set ,  are the evaluation level 

standard, nis the number of elements. This set determines the range of options that can be 

selected for the evaluation of a given factor. 

(3) Establish the index system and determine the weight. in this paper, AHP establish the 

index system and determine the weight. 

(4) Determine the membership matrix. Assuming for evaluation factor i in , a single 

factor evaluation is performed to obtain a fuzzy vector relative to 

v, for the factor has the degree of . 

(5) After determining the index weight vector W and the membership degree matrix R of 

the evaluation factors, the corresponding fuzzy operator is determined according to the actual 

needs and the fuzzy synthesis operation is carried out. 

4Arctic route navigation environment evaluations 

4.1AHP to determine the weight of the index system 

The establishment of the hierarchy of the Arctic navigation environment evaluation 
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Fig. 1Navigation Environment Safety Index and Its Weight 

Determine the weight of the index; compare the importance between each other. 

According to the opinions of the experts, take the A-B layer as an example, the judgment 

matrix is given as follows: 

Table 2Expert opinion normalized table 

Index B1 B2 B3 B4   

B1 1.000 0.331 1.124 0.612 2.067 0.107 

B2 3.021 1.000 3.421 2.146 9.588 0.496 

B3 0.900 0.292 1.000 0.558 2.750 0.143 

B4 1.634 0.466 1.792 1.000 4.892 0.254 

After normalization, the index weight .According to the 

eig function in MATLAB, we can get the maximum eigenvalue of the judgment 

matrix Thus we can get consistency indicators .According to n = 4 

check the consistency index ,calculate the consistency ratio ,the 

consistency test of the judgment matrix conforms to the requirements. So we can get the 

weight of meteorological environment, hydrological environment, and geographical 

environment, navigational facilities are 0.107, 0.496, 0.143, and 0.254. Similarly, the weight 

set of the B-C layer can be obtained as shown in Fig.1. 
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4.2Fuzzy Evaluation of Navigation Environment of Arctic 

After consultation with crews who have experience in Arctic navigation, the 

comprehensive evaluation index can be divided into five levels: V={Safe，Relatively 

safe， ， ，Generally safe Dangerous Extremely dangerous }. According to the crew's 

evaluation and the weight of the index obtained by the AHP, taking into account the ship in 

the Arctic navigation is mainly affected by the hydrological environment, So use M ( ·,�) 

operator, not only highlight the main factors of hydrological environment but also take other 

factors into account. Get First - level fuzzy comprehensive evaluation set B1as follows: 

 

Similarly, 

 

 

Therefore the second layer evaluation matrix can be obtained: 

 

Second- level fuzzy comprehensive evaluation set B2 as follows: 

 

According to the maximum degree of membership, the above results show that the 

actual safety situation of the Arctic route is the fourth level, and the navigation environment 

is dangerous. The Arctic route navigation environment is still not optimistic, in this 

navigation need to pay attention to the impact of hydrological factors. 

 

4.3Validity test of membership degree 

Fuzzy comprehensive evaluation method can describe the fuzzy event quantitatively, 

and can be dealt with by the maximum membership degree principle, but we must pay 

attention to the validity of the maximum membership principle. For the evaluation 

set , the relative definition of the validity of the maximum 

membership degree of the judgment set is: 
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When , the maximum membership principle is fully valid. 

When , the maximum membership principle is very valid. 

When , the maximum membership principle is more valid. 

When , the maximum membership principle is very invalid. 

When , the maximum membership is completely invalid. 

From the analysis of the Arctic route navigation environment, we can see 

that ,then get which means that the conclusion obtained 

from the principle of maximum membership is more valid. 

 

5 Conclusions 

Due to global warming, making the Arctic route commercial navigation possible. The 

author combines AHP and fuzzy comprehensive evaluation to analysis arctic route 

environmental factors. Pointing out that the hydrological environment is still the most 

important factor affecting the safe navigation of the Arctic route, at the same time Arctic 

route navigation level is still dangerous level. It is noteworthy that climate change will have a 

profound impact on the hydrological environment, and with the increase activities of the 

expedition in the Arctic, navigational information such as ECDIS information and navigation 

and positioning will also be gradually improved, which makes the Arctic route business 

Navigation is possible. 
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