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Abstract: With the increase of international trade activities and the gradual melting of the polar ice cap, the
importance of the Arctic route for marine transportation has been emphasized. Prediction of the polar navi-
gation window period is crucial for navigating in the Arctic route, which is of great significance to the selec-
tion of the route and the optimization of navigation. This paper introduces the establishment of a risk index
system, determination of risk index weight, establishment of a risk evaluation model, and prediction algorithm
for the window period. In addition, data sources of both environmental factors and ship factors are intro-
ducted, and their shortcomings are analyzed, followed by introduction of various methods involved in window
prediction and analysis of their advantages and disadvantages. The quantitative risk evaluation and window
period algorithm can provide a reference for the research of polar navigation window period prediction.
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0 Introduction

Climate warming has resulted in the gradual melting of Arctic sea ice, leading to the opening of the
northeast polar summer route. The emergence of the Northeast Passage holds significant implications for
global shipping and trade. Typically, navigation on the Northeast Passage commences in mid-to-late July and
concludes in mid-to-late October, allowing for an average navigation period of approximately 90 days.
However, during the years from 2005 to 2014, there was considerable fluctuation in the navigation period
with no discernible stable trend"”. The risk associated with polar navigation has not been consistent over the
decade spanning from 2011 to 2020, posing a significant challenge for the accurate assessment of polar
navigation safety[z]. Therefore, accurate prediction of the window period is of paramount importance as it
directly impacts the safe navigation of the Northeast Passage.

Currently, there is limited research on the polar window period. Li et al” conducted a comprehensive
analysis of the Arctic route's navigation environment, including meteorological, hydrological, geographical,
traffic control, and navigational aid aspects. Wang et al™ calculated the RIO of Yongsheng's first voyage
through the Arctic Northeast Passage and identified the navigation window from 2011 to 2020. Over the past

decade, the average navigation time of the Arctic Northeast Passage was 79 days. Liu et al'” determined the
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window period for navigating through the polar Northwest Passage based on sea ice intensity data from the
year 2006 to the year 2015 and found that its shortest navigation time was 69 days. Gu'” established an ice
state data analysis method based on the Egg Code rule system defined by the International Meteorological
Organization (IMO), and studied the change rule of the navigation of the Northeast route in November. The
study showed that the navigation safety was higher in 2011, 2012 and 2020 while the navigation risk was
higher and it was not suitable for navigation During 2013-2016.

Most regulations do not cover whether ships can safely navigate specific routes within polar regions or
assess potential risks involved. This paper presents a systematic introduction and analysis of the prediction

method of window period based on risk evaluation.

1 Establishment of risk index system

1.1 Risk index system

The navigability of a shipping route in polar region is influenced by a multitude of factors,
encompassing environmental, ship-related, human, and navigational technology factors. The environmental
factors include sea ice thickness, sea ice concentration, channel depth, air temperature, visibility and wind
speed. Ship-related factors include ship's anti-ice trapped ability, hull structure's anti-ice ability, propulsion
system's anti-ice-loss ability, etc.. The human factors include the restriction of international laws, the legal
constraints of coastal countries, the political environment of coastal countries, and the sovereignty dispute of
the waterway. Navigation technology factors include route infrastructure, the number and capacity of
icebreakers, ship navigation system and ice navigation technology.

In the actual risk evaluation, it is impossible to establish a risk evaluation model including all factors due
to the availability of data and the impact of factors on the evaluation results. By taking into account the
current situation of Arctic shipping routes and consulting relevant data, the risk factors shown in Fig. 1 are

selected in this paper.
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1.2 Environmental factors
The data of environmental factors are mainly obtained from the public data on the websites of various
countries. In this paper, only the sea ice thickness, sea ice concentration and atmospheric data sources are

introduced.

The main source of sea ice thickness data is SMOS sea ice thickness product, which is obtained based
on Huntemann's empirical sea ice thickness inversion model'®. The model is sensitive to thin ice with a
thickness of less than 50 cm during the freezing period, which is in good agreement with the sea ice thickness
data measured by air. The University of Bremen website provides daily SMOS sea ice thickness products
with a resolution of 12.5 km.

Data on sea ice concentration come from the National Snow and Ice Data Center (NSIDC) and the
University of Bremen in Germany, as shown in Fig. 2. SII sea ice concentration data from the NSIDC,
retrieved using the NASATeam algorithm from Goddard Space Flight Center, include daily products,
monthly average products and annual average products from October 26 th, 1978 to the present. The
projection method is polar stereoscopic projection, and the spatial resolution is 25 km x 25 km. AMSR-
E/2 Sea Ice concentration data from University of Bremen are obtained by inversion of ARTIST Sea Ice
algorithm (ASI).
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Fig.2 Arctic sea ice concentration distribution map

Air temperature and other atmospheric data sources are compiled by NCEP/NCAR reanalysis data,
produced jointly by National Center for Environmental Prediction (NCEP) and the National Center for
Atmospheric Research (NCAR). NCEP/NCAR reanalysis data use advanced global data assimilation systems
and well-established databases. Reanalysis data come from observation data from ground, ships, sounding
instruments, balloons, airplanes, and satellites”’. The sea surface air temperature and wind speed data used in
this study are all from the isobaric surface data set. Other data source is the European Centre for Medium-

Range Weather Forecasts (ECMWF). Visibility data come from the global weather sites of National Oceanic
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and Atmospheric Administration (NOAA).

The primary limitations of environmental factor data are as follows:

(1) Difficulty in obtaining meteorological data due to limited open sources and missing information.

(2) The data are mainly historical data with poor immediacy. The polar environment is meteorologically
variable and historical data cannot be used for predicting future weather changes.

(3) Challenges in multi-source index data fusion, requiring interpolation to match spatial resolution and
lacking time and space accuracy for research needs.

1.3 Ship-related factors

Ship-related factors refer to those that affect the ability to navigate, such as ship motion characteristics,
structural response, etc.. There is a low availability of ship-related factors data, particularly for different ship
types and hull structures. This paper specifically focuses on the data sources related to a ship's anti-ice
trapping ability and hull structure's anti-ice ability.

The ability of a ship to prevent ice trapping is mainly predicted by ship resistance. The calculation of
ship resistance can be based on empirical formula, calculation formula of rule and numerical simulation.
These empirical formulas are derived from real ship observations and model experiments, and are suitable for
predicting ice resistance in flat ice environments. The Lindqvist formula divides ice resistance into three
components: squeezing-induced resistance, bending-induced resistance, and immersion-induced resistance.
The Riska formula is an enhancement of the Lindqvist formula that disregards the interaction between water
and ice. The Jeong formula is an empirical method for estimating the ice resistance of a standard icebreaker
model based on the Spencer model and model experiments, with ice resistance comprising breaking
resistance, floe ice resistance, and clearing force. The Edwards formula is derived from model and ship test
results, re-analyzing and improving previous empirical formulas. The Finnish-Swedish formula originates
from the Finnish-Swedish Ice Class Rules and is solely related to ship type and ice class, independent of ship
speed. The empirical formulas above are mainly as follows.

Lindqvist formula:
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Jeong formula:
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Empirical formula of Finnish-Swedish ice class rule:

LT )3 A,r (13)
B>/ L

Taking a low ice class multi-purpose ship as an example, the resistance values are calculated using

Rey =Ci+Cy+ CC(Hp + Hy ) (B+C,Hy) + CyLpyr H, +C5(
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@, is the rake of the stem at the centerline, Fig.3 Calculation results of ice resistance with each formula
@, =90°

@, is the rake of the bow at B/4, &, =90°.

It is shown in Fig. 3 that the resluts of calculation formula of Finnish-Swedish ice class rule and Jeong
are closer to the test value. There are accuracy differences between the empirical formulas at different ice
thicknesses and speeds, which is due to the differences in the applicable sea area and calculation parameters
of the empirical formulas. None of the existing formulas can independently and accurately
predict the ice resistance of various ship types under different ice conditions". Therefore, when using
empirical formulas, attention must be fully paid to the application range of each empirical formula to
obtain more accurate ice resistance prediction[g]. Based on this, for Norwegian Coast Guard ships, the
selection criteria for ice resistance estimation formulas with speed less than 1 m/s or greater than 1 m/s
and ice thickness less than 1 m or greater than 1 m are given'”. The empirical formula of the Finnish-
Swedish ice class rule is not related to the specific speed and ice thickness, but only to the ship class, so it
cannot predict the ice resistance under different sailing ice conditions. It can be seen that the resistance
estimation of each empirical formula or normative formula is suitable for the guidance of ship selection in
the early stage of ship design, but there are certain limitations for the ice resistance risk evaluation of

designated ships.
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For the specified ship type, the finite element calculation can be carried out in ANSYS, ABAQUS and
other softwares. The finite element model of the whole ship's outer contour is established.

The methodology defines the hull as a rigid body. The establishment of the ice field is conducted in the
form of flat ice or crushed ice. Ship resistance is obtained through nonlinear contact calculations or fluid-
structure interaction computations. A coefficient formula, with velocity and ice thickness serving as variables,
is fitted to derive the ice resistance equation[“]. The numerical simulation method can be used to predict the
ship resistance of different sailing ice conditions under the specified ship type. The ice resistance equation
obtained by fitting is more concise, and the ice resistance equation in determining the ice thickness state can
be referred to the following form for risk calculation.

F=a,CV’+a,V+a, (14
where C represents sea ice concentration, V' reprensents velocity, and a;,a,,a; are coefficients.

The formula's data source is the ice resistance calculated by the finite element method based on a
specific ship type and fixed ice thickness. However, it has limitations for different ship types and various ice
thicknesses. When using different target ships, it is necessary to remodel the calculation and fit the
coefficients a,, a,, and as.

The prediction of a ship structure's anti-ice ability is based on the stress and deformation of the
ship structure, which are calculated by local ice load. The local finite element model of hull is established.
The general research objects are bow, shoulder, midship and stern structure. The form of local ice load
action can be concentrated force or uniform force. In the Finnish-Swedish ice class rule, the design ice
pressure is applied in the form of a load plate at the place with the minimum bearing capacity of the
structure, and the response of the ship structure is obtained through linear elastic calculation'”. However, the
design ice pressure cannot reflect the situation of different ice thicknesses and velocities. The form of
local ice load can also be ice element, which is generally selected cube or half sphere, and the ship
structure response is calculated by nonlinear contact collision. In addition, the estimated impact force of

[13]

floating ice can be calculated by Eq. (15)" " and the force is acted on the ship structure in the form of

concentrated force.
Fy= - (15)
g1
where F; represents estimated impact force of floating ice on ships in N; G; represents gravity of floating ice

in kN; ¢, represents ice impact time in s; V,, represents flow velocity in m/s; and g represents acceleration of
gravity in m/ s,

The main shortcomings of ship-related factors data include:

(1) Limited measured data availability requires significant numerical workload.

(2) Numerical calculations have strong pertinence to specific ship types and hull structures, resulting in
low applicability across different ships.

(3) Ship response data obtained from existing empirical formulas or numerical simulations show poor
coupling with sea ice thickness, velocity or other parameters.
1.4 Standardized values of evaluation index

Each risk index has different dimension levels and needs to be normalized. Therefore, this study
standardizes each index by the method of extreme value standardization to achieve the purpose of eliminating
the differences in different dimensions. The determination of standardized values of some evaluation

indicators are shown in Tab. 1.
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Tab.1 Determination of standardized values of each evaluation index

Evaluation index Standardized value Evaluation index Standardized value
S
. . h— Rpin . 1-—,5 <4000
Sea ice thickness h = o Visibility S~ = So
max ™ Fmin 0,S > 4000
~ Fmin . . R- Rmin
Sea ice concentration P~ = L Pin_ Ship resistance R=——-—
Prmax ~ Prmin Rmax - Rmin
‘ T - Tmin
. ~ O — O min
Air temperature T-=310-Tu 1, T<0 Structural stress o= —
O max ~ O min
0,7>0

2 Determination of risk index weight

The methods of determining the weight of risk index can be divided into subjective weighting method
and objective weighting method. This chapter presents an introduction of the subjective and objective
methods and an analysis of the advantages and disadvantages of each method.

2.1 Subjective weighting method

Subjective weighting methods cover analytic hierarchy process, Delphi method, grey relational degree
method and so on. The subjective weight obtained by the subjective weighting method is also called artificial
weight, which is obtained by the decision analyst according to the subjective importance of each indicator.

(1) Analytic hierarchy process (AHP): This method draws on expert knowledge to determine the weight of
indicators. Expert opinions on the relative importance of each factor are gathered. Assuming that there are 7 risk
factors in the indicator layer, a(F) is the relative importance of the i" factor to the jth factor, and the judgment
matrix is given by Saaty's 1-9 scale method. Saaty's 1-9 scale method is shown in Tab. 2. The weights of each

index are obtained by calculating the eigenvalues and the normalized feature vectors of the judgment matrix.

Tab.2 Saaty's 1-9 scale method

Intensity of importance Definition
1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong importance
9 Extreme importance

2,4,6,8 Intermediate values between two adjacent judgments

Advantages of AHP: The complex problems are divided into different levels according to their
importance, with a clear structure and high credibility.

Disadvantages of AHP: The construction of judgment matrix is influenced by subjective experience.
When there are too many indicators, the data statistics are large and the weights are difficult to determine.

(2) Delphi method: The investigators draw up a questionnaire and consult the members of the expert
group by correspondence, in accordance with established procedures. Members of the expert group exchange
views anonymously. After many consultations and feedbacks, the opinions of the expert group gradually
become converged. Finally, the collective judgment results with high accuracy are obtained.

Advantages of the Delphi method: Experts can modify or revise their opinions by eliciting feedback

from the questionnaire, thus avoiding some shortcomings in group decision-making.
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Disadvantages of the Delphi method: The process is complex and time-consuming. The anonymity of
experts results in a lack of consistency in the evaluation criteria.

(3) Grey relational degree method: The value of multiple expert judgments is quantitatively compared
with the maximum value of a certain expert judgment. Through the analysis of the magnitude of the
differences between each other, the relational degree between the values is determined. The higher the
relational degree is, the more important the index is in the whole index system.

The distance between each index column X}, ..., X, and the reference data column X, is:
Dy = )" (x(k) = x (k)Y (16)
The weight of each index is: - |
w; = Do a7

Advantages of the grey relational degree method: There is no requirement for sample size, and this
method requires less computational cost. The results are in good agreement with those of qualitative analysis.

Disadvantages of the grey relational degree method: Data indicators and methodologies are subjective,
leading to poor accuracy in quantitative analysis results.

2.2 Objective weighting method

The objective weighting method comprises the entropy weight method and variation coefficient method,
also known as natural weight. The decision matrix is formed using actual index information, and the weight is
determined through objective operations based on this matrix.

Entropy weight method: The entropy value can be used to judge the degree of discreteness of the
indicator. A smaller information entropy value indicates greater discreteness of the index, signifying a larger
impact on comprehensive evaluation and thus a higher weight. If an indicator has equal values, it will not
contribute to composite evaluation.

Advantages of the entropy weight method: The influence of subjectivity on the decision result is
reduced. The calculation is simple, intuitive and easy to implement.

Disadvantages of the entropy weight method: This method is prone to weight distortion. The
dependence on the sample is large. A large amount of actual data is needed as a basis.

2.3 Combination method

In Arctic navigation risk evaluation studies where accurate environmental data is lacking, subjective

weighting methods are commonly used or combined with objective methods to determine final weights.

If w, and w,; are subjective weight and objective weight of index X;, respectively, and w; is combined

iwoi=zm:wsi=iw,-=l (18)
i=1 i=1 i=1

The linear weighted combination method is used to determine the weight of the evaluation index:

weight, then

Wi = X Wy + (1 =) X wy; (19)
The key to the linear weighted combination method is to determine the preference coefficients (u) of
subjective and objective weights. Considering the current lack of information on Arctic navigation routes, it is

believed that subjective weight is more important. The preference coefficient is set as u = 0.8.

3 Establishment of risk evaluation model

Based on the risk index system and the weight of risk index, the risk evaluation model is established.
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Risk evaluation methods include risk assessment index method, fuzzy comprehensive evaluation method,
TOPSIS method, Bayesian network method and so on. This paper only introduces risk assessment index
method and fuzzy comprehensive evaluation method.

Risk assessment index method: This is a method to determine the degree of risk reasonably by
standardizing and weighting the value of a series of indicators. Risk assessment index method maximizes the
weight and contribution of various indicators. The synthesis of each index adopts the weighted
comprehensive evaluation method, and the formula is as follows:

R= Zn:Qh XZ, (20)

where R is calculated value of risk, Z, represents standardized value of the A-th indicator, Q, represents
weight of the A-th indicator, and » means number of indicators.

The risk index is calculated as the sum of the standardized values of each indicator multiplied by their
respective weights. The average daily or monthly navigation risk index for key straits is determined using the
standardized values derived from daily environmental and ship-related data in Chapter 1, along with the
indicator weights in Chapter 2. A higher risk index indicates a greater level of risk, making it a standard
measure for risk evaluation. This method is straightforward and yields highly precise results; however, it
requires comprehensive channel data to be effectively utilized.

Fuzzy comprehensive evaluation method: This method makes a comprehensive evaluation by applying
the principle of fuzzy transformation. It is suitable for the situation that the polar channel information is not
comprehensive. The influencing factors of navigation safety are fuzzy.

The specific steps are:

(1) Establish a set of risk assessment factors, say U, U = {sea ice thickness, sea ice concentration,
visibility, temperature};

(2) Create a comment set, say V, V' = {very good, good, fair, poor, very poor};

(3) Determine the set of evaluation weights, say 4, 4 = {a,,a,,...,a,};

(4) The membership degree of a single index to the safety of polar waterway is obtained by expert
scoring method, r; = {r;, rias e Fim} 3

it =" Fim

1 Fyp v o
(5) Construct the comprehensive evaluation matrix, say R, R = ;

Yot T2 *** Tam
(6) Calculate B according to the mathematical model B=4 xR and make a comprehensive evaluation

based on the principle of maximum membership.

The fuzzy comprehensive evaluation method can assess the navigation risk of polar passages, producing
a vector rather than a single point value as its result. This approach provides rich information that accurately
portrays the object being evaluated and can be further processed to obtain reference information.
Nevertheless, evaluations obtained through this method tend to be overly vague and general, lacking
objectivity and spatiotemporal accuracy. As such, it proves challenging to assess the risk at specific dates
within a strait location or discern patterns in how risks change over time. Consequently, the fuzzy
comprehensive evaluation method is not suitable for window period assessment. It becomes evident that not
all risk evaluation models are appropriate for window assessment purposes.

4 Prediction algorithm of window period based on risk evaluation

The prediction algorithm of navigation window period introduced in this paper is based on quantization
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risk value and evaluation threshold. The window-period prediction of a channel is obtained by the variation of
the risk value of a single channel with the date, and the window-period prediction of the whole route is obtained
by the variation of the risk values of several straits with the date. According to the number of evaluation indexes,
the window period prediction algorithm can be divided into single index prediction and multi-index prediction.
4.1 Single index prediction

The first is the single index prediction, and the index with higher importance in Chapter 1 is selected
according to the navigation environment. For example, considering sea ice concentration as an important
index, predictions are made regarding its impact on the window period. Assuming a threshold of 40% sea ice

concentration for safe navigation, a forecast for a single channel's window period can be derived from data

sets showing variations in sea ice concentration Variations of soa ice concentration with datos
over time (as shown in Fig. 4). For the entire route, b

if sections covering more than 90% have less than £ 037

40% sea ice concentration and remaining sections g 0.6:

have less than 50%, it is considered safe for an ice- § 1

class ship to sail through. From this, the navigation % o4

window of the ice-class ship sailing in the 3 02 : !
Northeast Passage is extracted. In the case of the 0_0: i E
Sanikov Strait, the navigation window is from July — 7;()2‘ T 10}‘18 '
2nd to October 18th at the 40% threshold of sea Date

ice concentration. Fig.4 Sea ice density varying with dates in the Sannikov Strait

In addition to the indicators mentioned in
Chapter 1, the R/O risk index can also be used as an indicator for window prediction[4]. The RIO Risk Index is
calculated using the Polar Operational Limit Assessment Risk Indexing System (POLARIS) proposed by the
International Maritime Organization (IMO)"". The risk index result is obtained by calculating the sum of
RIVs corresponding to each ice type in the navigable waters multiplied by its concentration (C). The value of

RIVs is shown in Fig. 5.

Fig.5 Values of RIVs for each ice type

RIO = (C XRIV )+ (C,XRIV,) +---(C,XRIV ) (21)
Referring to the RIO Criteria as shown in Tab. 3, when the R/O corresponding to a ship sailing in a

single strait is greater than 0, the ship can operate normally in the strait. This indicates that the strait is
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navigable. For the entire route, if 90% or more sections of the route have an R/O greater than 0 and the
remaining sections can safely perform high-risk operations or short-range icebreaking, then it is considered
safe for an ice-class ship to navigate on this route. From this analysis, we can extract the navigation window

for ice-class ships sailing in the Northeast Passage.

Tab.3 RIO criteria

RIO PC1-PC7 Ice class other than polar class or no ice class
RIO=0 Normal operation
_10<RIO<0 Elevated operational risk - operate only if measures No entry
in PWOM allow it and are followed
RIO<-10 No entry

The method of predicting the window period based on the sea ice concentration index is simple. This
leads to incomplete predictions. This is suitable for the early estimation of the window period. Using RIO risk
index to forecast the window period yields relatively high precision but lacks intuitiveness. The window
period cannot be correlated with data on ice conditions, sea conditions, and ship conditions, making it
difficult to adjust in time.

4.2 Multi-index prediction

Accurate and timely prediction of polar navigation windows requires consideration of different attributes
and characteristics specific to polar navigation. In a complex system such as this, a comprehensive evaluation
based on most impact indicators is necessary for making correct decisions. Therefore, a multi-index
prediction algorithm is needed for accurate prediction of window periods.

The specific method is to select environmental indicators and ship indicators as risk assessment
indicators, and to build a comprehensive risk assessment system that integrates real-time ice conditions, sea
conditions and ship conditions in Northeast Passage. The comprehensive risk assessment system is shown in

Fig. 6. The methods of establishing the index system, determining the weight of the index, and establishing
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the evaluation model have been introduced earlier. The risk index is calculated through the risk evaluation
system. Combined with the characteristics of the index and the minimum standard of the navigable
environment of the ship, the relationship between the standard of the passage of the ship through the strait and
the risk index is determined, as shown in Tab. 4. The risk is divided into several levels with the corresponding
evaluation value ranges and characteristic parameters for each level, and the determination method primarily
relies on expert evaluation'"”. When a single strait's corresponding risk index falls within Class C range, it
indicates that passage through that strait is feasible without difficulty; in other words, it is navigable. For an
entire route, when 90% or more sections have a risk index falling within Class C while remaining sections fall
within Class B, it is considered that the ice-class ships can safely operate on the route. The navigation
window of the ice-class ships sailing in the northeast channel is extracted by this method.

The daily navigational risk value is calculated using the method described above. The change curve of
the risk value with dates is shown in Fig. 7. In the case of the Vilkitskogo Strait, the navigation window is
from July 21st to September 25th at the Risk Class C.

Variations of risk value with dates
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5 Conclusions

The prediction of navigation window period is one of the key issues affecting the safe navigation of the
polar Northeast Passage. Three parts of risk evaluation and the prediction algorithm of window period are
sorted in this paper, and the following conclusions are reached:

(1) With environmental factors and ship factors taken as risk indicators, the data sources of sea ice
thickness, sea ice concentration, atmosphere, ship's anti-ice trapped ability and hull structure's anti-ice ability
are analyzed. The main defects of natural factor data are difficulty in obtaining, poor immediacy, and low
temporal and spatial accuracy. The main defects of ship factor data are large workload of numerical
calculation, low applicability of ship type and poor parameter coupling. The standardized values of each risk
index are given.

(2) This paper provides a detailed introduction to both subjective weighting method and objective
weighting method. The subjective weighting method offers the advantage of minimal dependence on risk data
but is influenced heavily by subjective experience. On the other hand, objective weighting is less dependent
on subjectivity but relies more on available risk data. Considering the current situation of Arctic shipping
route data, this paper proposes a combined approach that integrates both subjective and objective weighting
methods to determine the weights of risk indicators.

(3) In this paper, a comprehensive overview of the risk assessment index method and fuzzy
comprehensive evaluation method is presented. The risk assessment index method is characterized by its
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simplicity and ease of use while yielding highly precise results suitable for window period prediction
purposes. Conversely, the fuzzy comprehensive evaluation method lacks objectivity and has lower spatio-
temporal accuracy, making it unsuitable for window period prediction.

(4) This paper introduces the navigation window period prediction algorithms including single index
prediction and multi-index prediction approaches. The index of sea ice concentration is used to predict the
window period, which is suitable for the estimation of the early window period. The R/O risk index is used to
predict the window period, the accuracy is relatively high, but the real-time adjustment of the data is poor.
Based on the integrated risk assessment system of real-time ice conditions, sea conditions and ship conditions
of the Northeast Passage, this paper proposes a multi-index prediction algorithm for the window period, and
finally determines the window period of the whole route according to the relationship between the ship's

passage through the strait and the risk index.
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