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Abstract. Rising global ocean temperatures will disrupt the livelihoods of
people who depend on fishing for marine crops. Therefore, we propose
fishery migration prediction models to solve the problem. We considered
the effects of seawater temperature and salinity, and constructed a fish
school migration prediction model based on ArcGIS. On this basis, a
thermodynamic map of fish school distribution were made using ArcGIS
software and kriging interpolation and nuclear density analysis. Moreover,
linear interpolation and fitting are used to obtain the relationship between
the annual fish movement distance and the year to predict the fish
migration routes in the next 50 years.
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1 Introduction

As a result of human activity, global warming is causing the temperature of the world's
oceans to continue to rise. Global ocean temperatures have been rising significantly, so this
has created a number of problems, including ecological impacts, the relocation of some
traditional fisheries, increased competition among fisheries, and impacts on biological
reproduction. It is necessary to study the effects of ocean temperatures on fisheries, which
account for a considerable proportion in some countries and affect people's livelihoods. In
order to study the influence of the above problems, we consider many factors and establish
several models to discuss the benefits of the problems.

Do a good analysis of the problems, determine a good research direction.

Now, we need to design a mathematical model for the fisheries management association
to account for the migration of fish stocks. Our team's modeling objectives are: Predict
where herring and mackerel schools will migrate in the next 50 years.
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2 Model Establishment

2.1 Fish migration prediction model

2.1.1 The location of future schools of fish

We collected data on the variation of ocean temperature, salinity and water pressure in the
Scottish waters in recent decades from the official websites of NASA!" and ICES. We first
processed the data, detected the data with wavelet outliers, and screened out reasonable
data.1. Factors affecting the habitat change of shoals.

The factors affecting fish habitat change. By collating the data of some survey points in
the waters around Scotland, we can obtain the data of various points in the waters around
Scotland from 1970 to 2018,

Due to Marine yearbook* from Scotland, Scottish herring and mackerel fishing period
for a year the autumn of the year as of the spring, so in these data, we select the annual
march to 9 months of points measured data for the analysis of ocean temperature and
salinity, at the same time in order to the accuracy of the results we select each year in the
same month for analysis and prediction. Some data are shown in table 1 below:

Table 1: Partial measurement point data

Year Latitude Longitude TRMP PSAL
1970 58.85 -18.80 10.16 35.371
1980 57.8333 -1.833 5.96 34.494
1990 53.0533 0.4067 10.8 34.32
2000 59.9573 -5.4873 10.38 35.293
2010 58.3615 0.454 8.39 35.275
2018 61.2335 -2.6638 9.43 34.91

The kriging interpolation algorithm in ArcGIS software® be used to draw the gradient
map according to the data. Kriging interpolation” is a method to estimate unknown
functions by weighted average. The derivation is:
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The estimation of variables in random fields is expressed as a linear system with
random errors £, where s, is the unknown point , where {sl,,_,sn} is the sample of
random field and is the weight coefficient, which is often referred to as kriging weight.

From the variance definition, we know that when the estimated value and the mathematical
expectation of the real value are the same, the variance of the two is the smallest:

E[Y(s,)]= E[Y(SO)] 3)
By using kriging interpolation and combining the temperature and salinity data of the

selected waters around Scotland from September to march from 1970 to 2018, we can draw
an is gradient map of sea water temperature and salinity.
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Figure 1. Flowchart of solution

From the figure above, the water color has gradually increased from light to deep, and
the water temperature around Scotland has increased year by year from 1970 to 2018.The
salinity of the water gradually increases from the color of the water to the shallower water,

and the salinity of the water around Scotland remained basically unchanged from 1970 to
2018.
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Figure 3. Fish density heat map

2.2 Distribution density of fish

Using the AHP method ), we can estimate the approximate distribution density of fish
every year from the annual temperature and salinity maps and data. We know from the
Scottish fisheries sensitivity report in the Scottish Marine and freshwater science report that
herring and mackerel change their habitats in response to factors such as ocean temperature,
salinity, and depth.

Among them, ocean temperature is the main influencing factor, ocean salinity is the
secondary influencing factor, and ocean depth has little influence on it. Therefore, we can
use AHP method to subjectively determine the proportion of each influencing factor as
follows: the ratio of the weight coefficient of temperature to depth is five to one, and the
ratio of the weight coefficient of salinity to depth is three to one, so as to write the judgment
matrix as follows:

A=[135;0.3313;0.20.33,1] @)

This judgment matrix is checked by the program, and the consistency of this matrix is
acceptable, where: CI=0.0165, CR=0.0318.

It was found that the optimum ocean temperature for herring and mackerel in Scotland
was about 10 degrees and the optimum ocean salinity was about 35 degrees!®. Therefore,
based on the judgment matrix in the AHP method and the seawater temperature distribution
and salinity distribution in the surrounding waters of Scotland over the years, the annual
fish density thermal map can be obtained by using the kernel density analysis method!” in
ArcGIS.

3 Conclusion

Where, r is the search radius, and scale is the proportion between the distance from the
center point of the grid to the point and the line object and the search radius. From the
figure above, the density of fish population decreases gradually from dark color to
pre-shoal density. The changing trend path is roughly shown in the figure below:
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Figure 4. Patterns of changing trends in shoal habitat

According to figure 4, the changing trend path is shown in the following table:
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Table 2: A chart of the migration of fish

Starting time Time The cumulative distance
1970 1970 0
1970 1980 1.258132
1970 1990 3.199772
1970 2000 5.421817
1970 2010 6.615737
1970 2020 7.577105

Where F is the distance between the year and the starting point (1970).Therefore, we
assume that the shoal keeps moving northward, and combined with the distance, we can
predict the possible locations of the two types of Scottish shoal in the next 50 years, as

shown below:

Figure 5. Projected fish population density in 2070
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