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Summary Sheet

Migration of Herring and Mackerel

Global ocean temperature changes greatly nowadays, some ocean-dwelling species are likely
to migrate, which might seriously affect the companies who depend on these species.

In order to predict the ocean temperature in next 50 years, we collect the global sea surface
temperature data for past 50 years, and deal with them as signals in time dimension. We adopt
moving average filtering method to reduce the influence of random interference. Then, we
build a linear prediction model to forecast the temperature in next 50 years. And the annual
average temperature will increase 1°C to 3°C gradually at the region of Scottish coast in next
50 years. In order to predict the locations of herring and mackerel, we get the optimum living
temperature of herring and mackerel by consulting relevant references. With the temperature
prediction data above, we can get the most likely center location of herring is (61°N, 7°W)
and (60°N, 1°W), and the mackerel’s is (62°N, 4°W).

Aiming at the problem of estimating the time that the small fishing companies can hardly
harvest, we build a cellular automaton based prediction model. By analyzing the migration
and reproduction law of fish with the Logistic Curve and normal distribution, we set
corresponding rules to the cellular automaton to operate. Supposing that the extra 100
kilometer to catch fish will make the small fishing companies hardly harvest, we take 1000
independent repeat experiments, then get the most likely elapsed time of herring and
mackerel is 24 years and 10 years, the best cases are 35 years and 23 years, and the worst
cases are 16 years and 9 years.

To estimate the effectiveness of strategy, we use the fuzzy comprehensive evaluation method
to analyze several factors that affecting the economic benefit including short term cost, long
term cost, fishing harvest, sales revenue and implementation difficulty. After giving the
weights of them, we can get the strategy rated as excellent, which is relocating some of
fishing company’s assets in the port that fish populations moving. To address the impact of
fish moving into the territorial water of other country, we adjust the weights of fishing harvest
in fuzzy comprehensive evaluation model above, none of them are rated as excellent. Then
we propose a new method that the company can try fish processing instead of fishing, which
is rated as excellent.

We analyze the sensitivity of the linear prediction model, while we add 5% random
disturbance, the maximum relative error is 3.98%, the model can be considered stable. Finally,
We write an article for Hook Line and Sinker Magazine.

Key Words: Linear Prediction, cellular automaton, fuzzy comprehensive evaluation method

KT

ARIBE 2 BE R




Contents

1 Introduction
1.1 Background . .. ... ... ...
1.2 Ourwork . . . . .

2 Assumptions
3 Notations

4 Herring and mackerel position model
41 Signalfiltering processing . . . . . . . ... ...
4.2 Linear predictionmodel . . .. ... ... ... o o oo

4.3 Relationship between sea surface temperature and fish school position . . . . ... ..

5 Cellular Automata based prediction model
5.1 Cellularautomatamodel . . . . . . . . . . .. ...

52 Resultsofcases . . . . . . . . . . s,

6 Evaluation of small fishing company policy model
6.1 Changemanagementanalysis . . . . .. ...... .. ... ... .. ... ... ... .
6.2 Fuzzy comprehensive evaluationmodel . . . . . .. .. ... .. ... ... 0 0L

6.3 Evaluationresults . . . . . ... .. ..
7 Adjusted Evaluation Strategy Model for Small Fisheries Companies
8 Sensitivity Evaluation of the Model

9 Strengths and Weaknesses
91 Strengths . . . . . . . . .
9.2 Weaknesses . . . . . ... ...

10 Conclusion
11 References

12 Appendix

N &= W Ww

=}

14
14
14
16

17

19

19
19

20

20

24



Team # 2018167 Page 1 of 30

1 Introduction

1.1 Background

The temperature of the ocean affects the habitat quality of ocean-dwelling species. When temperature
changes too much for them to thrive, these species migrate to other habitats that are more suitable
for their survival and reproductive success. This geographic shift can disrupt the livelihoods of
companies that depend on the stability of ocean-dwelling species. Our team is working to better
understand how Scottish herring and mackerel may migrate from existing habitats near Scotland as
global ocean temperatures rise. Changes in the location of herring and mackerel populations can
affect the economies of smaller fishing companies in Scotland.

There are many models for predicting sea surface temperature, such as time series, linear prediction
[1] and so on. Herring and mackerel have the most suitable seawater temperature, they are sensitive
to the seawater temperature and migrate to the most suitable seawater temperature [2]. This article
studies the effects of seawater temperature on herring and mackerel migration in the context of global
warming. Based on the migration of these two species of fish, small fisheries companies need to
adjust their economic strategies.

1.2 Our work

The title requires us to find out the position of herring and mackerel. We consider using a linear
prediction model to predict sea surface temperatures in the territorial sea around Scotland over the
next 50 years. Fish are very sensitive to seawater temperature, and they migrate to the optimum
seawater temperature. We obtain the sea surface temperature where herring and mackerel are most
suitable for survival. Based on the predicted sea surface temperature, we can obtain the most likely
location of the two fish.

If herring and mackerel are too far from the small fishery company, the small fishery company will
have nothing to harvest. We considered the use of cellular automata to simulate the migration of fish
schools and formulated several rules. Randomly simulate 1000 times, taking the time with the most
occurrences as the most likely case. The shortest time is the worst case, and the longest time is the
best case.

Therefore, small fisheries companies need to make adjustments to their economic strategies. We
consider three options. The first is to transfer all the assets of the fishing company from the current
position of the Scottish port to a position closer to the movement of two fish stocks. The second is
to transfer some of the assets of the fishing company from the current position of the Scottish port
The location shifts closer to where the two fish populations move, and the third is the use of a small
percentage of small fishing boats. We consider using fuzzy comprehensive evaluation to evaluate
three strategies.

When herring and mackerel migrate to the territorial seas of other countries, we need to adjust the
weights and judgment matrices of factors. We consider continuing to use fuzzy comprehensive eval-
uation to evaluate the three strategies and propose new strategies for small fisheries companies.

Based on the above analysis, we need to solve the following problems.

e Build a mathematical model to identify the most likely locations for Scottish herring and mack-
erel over the next 50 years.
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e Use our model to predict best case, worst case, and most likely elapsed time based on the rate
at which ocean water temperature changes.

Change the economic strategy of small fisheries companies.

Use our model to illustrate the impact on our proposal if a certain percentage of the fishery
enters another country’s territorial waters.

Prepare a one to two page article for Hook Line and Sinker magazine.

2 Assumptions

e Herring and mackerel are temperature-sensitive and always migrate to the right temperature.
Because fish are most sensitive to changes in sea temperature, changes of 0.1°C to 0.2°C' can
cause changes in fish behavior.

e The adaptation of fish to temperature follows a gaussian distribution. Fish have the strongest
survivability at the optimum temperature, and the survivability decreases with the change of
temperature.

e The increase in herring and mackerel populations in the ocean follows a logistic growth curve.
Fish populations are saturated under stable environmental conditions.

e For the next 50 years, we will ignore extreme events such as volcanic eruptions. In other words,
the surface temperature of seawater will not change suddenly, but the trend of warming sea-
water temperature will not change.

3 Notations

For convenience, we introduce some notations below.

Table 1: Notations

Symbols | Descriptions

e(n) The prediction error
Ep The mean square of the error

ap(k) Linear prediction coefficient
To Optimal sea temperature for school of fish
N Logical Curve Equation
K Environmental capacity
a Number of fish at the initial moment
U Factor set
v Evaluation Set
A Weight of each factor

Ri(i =1,2,3) | Judgment matrix




Team # 2018167 Page 3 of 30

4 Herring and mackerel position model

4.1 Signal filtering processing

According to Met Office Hadley Centre observations datasets [3], we get the sea surface temperature
(SST) from 1970 to 2019. For each year, there are 12 data for each month. The SST data are the
temperature data of the grid that divides the globe into grids using longitude and latitude as integer
lines. The intersection of the latitude and longitude lines with integer values of latitude and longitude
is taken as the center of the grid, 0.5 degrees up and down, and 0.5 degrees left and right are used
as grids. We take the average sea surface temperature of a grid for 12 months as the sea surface
temperature of that year. Based on the latitude and longitude of Scotland, we analyze the SST of
300 grids ranging from -17° to 3° longitude and 48.5° to 63° north latitude. We number the 300 grid
centers from left to right, top to bottom, and the partial annual mean SS7T" of part of the grid was
shown in Table 2.

Table 2: Partial annual mean sea surface temperature of part of the grid

temperature(°C’) \_year
1970 1980 1990 2000 2010
number
1 8.895270864 | 9.095693787 | 8.830128948 | 9.167598645 | 9.791239222
2 8.976814866 | 9.060541868 | 8.827538053 | 9.183705529 | 9.68282187
3 9.031771421 | 8.975657781 | 8.82588474 | 9.175647577 | 9.595830719
4 9.059002479 | 8.839903355 | 8.824031353 | 9.142286857 | 9.529127041

In order to reduce the influence of random interference, we use Fast Fourier Transform (F F'T) to
analyze the characteristics in frequency domain, the result is shown in Figure 1.
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Figure 1: The result in Fast Fourier Transform

We can get that the noise exits mainly in high frequency region. Naturally, it is a good way to use
a low pass filter to reduce the influence of noise, which moving average filter is widely used to
smoothing noise data [4]. The w in the equation is defined as the size of window, which contains
several sequential origin data to predict next value. The expression of moving average filter is

y() = lx(n) +2(n = 1) + -+ 2o — (= 1) )
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The original data and filtered data of sea surface temperature of a certain grid are shown in Figure 2.
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Figure 2: Original data and filtered data of sea surface temperature of a certain grid
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It can be seen from Figure 2 that the noise is reduced after the filter is used for processing.

4.2 Linear prediction model

The basic concept of linear prediction is that the sum of squares of the difference between the actual
sampling and the linear prediction sampling reaches the minimum value, that is, the approximation
of the minimum mean square error can determine the unique set of predictor coefficients [1].

4.2.1 The fundamentals of linear prediction

In the process of model parameter estimation, the following systems is called linear predictor.

#(n) =) wplk)z(n — k) 2)

k=1

Let wy,(k) be the linear predictive coefficient and p is the predictive order.The prediction error function
is

e(n) = z(n) — &(n) ©)
That is )
e(n) = z(n) = >_wp(k)z(n — k) 4)
k=1
Let
ap(k) = —wp(k) (5)
Then, (4) becomes
e(n) = z(n) + Y _ ap(k)z(n — k) (6)
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The mean square of the error is ¢, = Enj\;p le(n)|?. To minimize the mean square value of the error,
that is, the partial derivative is zero.

oSN
afjfk) N Zaapl oF 22[6 =0 (7)
That is v
Oe
W(Pk) = 2nZ:p[e(n)x(n — k)] =0 (8)

N D N D N
> Alr)+ > ap(k)a(n—k)z(n—k)} =Y z(n)-z(n—k)+ > ap(k)- > [x(n—k)-x( )] 9)
n=p k=1 n=p k=1 n=p
Let
N D N
> an)-wn—k)+> ap(k)- > [z(n—k)-z(n—k)] =0 (10)
n=p k=1 n=p

re(k) =Y _x(n)-z(n—k) (k=0,1,---,p) (11)
n==k
Substituting (11) into (9), we get
P
ra(k) + Y ap(k)ra(n — k) =0 (12)
k=1
That is ,
Z“p Jra(n — k) = —ra(k) (13)
k=1
We represent (13) as a matrix
72(0) 72(1) r2(p—1) ap(l) 72(1)
rxi(l) rx.(()) | rz(p —2) ap.(2) _ rx:(2) 14)
ra(p—1) re(p—2) -+ 72(0) ap(p) r2(p)

4.2.2 Solve for the linear predictive coefficient

Levinson — durbin algorithm is an effective algorithm to solve the predictive coefficient a,(k) in
regular equations [3]. This algorithm makes use of special symmetries in autocorrelation matrices.
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Since all the entries on the diagonal of 7, (n — k) are equal, this autocorrelation matrix is the T'oeplitz
matrix.

The levinson — durbin algorithm is shown in Table 3.

Table 3: The pseudo code for the levinson — durbin algorithm

Stepl: 0 = 7,(0);

Step2: fori=1,2,---p;

i = [ra(i) = S50 0~ Vra(i = )/
Step3: al) =k ;
Step4: ifi>1then forj=1,2,---,i—1;

ag.l) = a?_l) — kiaz(»l__jl);

end

Step5: e = (1 — kel
end;

Step6: a; = a? j=12,---p

We calculate the value of the linear prediction coefficient a, (k). The linear predictive coefficients of
the grid numbered 1 are

[ap(1), ap(2), ap(3,) ap(4), ---]=[—0.9719, —0.0079, 0.0107, 0.0017, ---]  (15)

4.2.3 Inspection of the model

We take the data of five grids for linear prediction, and then predict the data from 2016 to 2019. The
calculated the relative error with the original data is shown in Table 4.

Table 4: Relative error with the original data

relative error ™\ year
2016 2017 2018 2019
number
1 -0.1217434% | -1.7128775% | -1.0831556% | -0.6427662%
2 -0.6837878% | -1.919732% | -0.0767442% | -0.2858284%
3 0.2893183% | 0.4946315% | 1.6335465% | 0.7534763%
4 -0.5592422% | -1.2492618% | -0.1000664% | -1.157083%
5 0.1337365% | -1.1253948% | 1.2810934% | 0.3537306%

According to Table 4, The relative error between the predicted values and the original values from
2016 to 2019 is very small. Therefore, our prediction model is reasonable. Next, we predict the sea
surface temperatures of the 300 grids over the next 50 years.

4.2.4 Sea surface temperature prediction results

We predict the sea surface temperature of the 300 grids in the next 50 years and filter them to get the
sea surface temperature in the next 50 years. Some predicted sea surface temperature data is shown
in Table 5.
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Table 5: Partial predicted sea surface temperature data

forecast data(°C) ~_year
2029 2039 2049 2059 2069
number

10.59786043 | 10.74726028 | 11.64798332 | 12.17058423 | 12.3905122

9.685269207 | 10.7765888 | 11.67017968 | 11.7317968 | 12.26169669
10.63991197 | 10.89229402 | 11.50819184 | 11.95282418 | 12.57341431
9.875280303 | 10.40262107 | 10.71773155 | 10.96991424 | 11.57410006
9.661692276 | 9.928452383 | 10.12434056 | 10.86677475 | 11.15184388

Q= W=

It can be seen that the sea surface temperature increases year by year. And the annual average tem-
perature will increase 1°C to 3°C' gradually at the region of Scottish coast in next 50 years.

4.3 Relationship between sea surface temperature and fish school position

Fish have the optimum sea surface temperature. Fish are most sensitive to the adaptability of sea
water temperature, when the water temperature changes between 0.1°C and 0.2°C/, the position of
fish will change [2]. Next, we determine the optimum sea surface temperatures for herring and
mackerel.

4.3.1 Establishment of optimum SS7T for herring and mackerel

We find spawning areas for herring and mackerel [5] and the number of fish caught in the water-
s around Scotland in 2012 [5]. From the above two pictures, we get the positions of herring and
mackerel in 2012. Since the sea surface temperature data for 2012 are known, we give the sea surface
temperature and the location of the two species of fish as shown in Figure 3.
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Figure 3: The location of herring and mackerel and sea surface temperatures in 2012

According to Figure 3, the location of the herring and mackerel and the surface temperature of the
water they are in are known. Because fish are very sensitive to sea temperatures, they migrate to the
optimum temperature and stay there for a long time. We think the surface temperature of the water
where the two fish are is the optimum surface temperature for them. We get the suitable sea surface
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temperature for herring is 11.05°C to 11.4°C, and the suitable sea surface temperature for mackerel
is 9.98°C to 10.2°C.

4.3.2 Determination of the most likely locations of herring and mackerel

Based on the linear prediction model, we predict the sea surface temperature over the next 50 years.
The optimum sea surface temperatures for herring and mackerel are known, so we believe that both
species are most likely to be present at their respective optimum sea surface temperatures. We give
six year predictions for sea surface temperatures in 2020, 2029, 2039, 2049, 2059 and 2069. The most
likely locations for the two species of fish, as shown in Figure 4.
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Figure 4: The most likely locations for the two species of fish in 2020,2029,2039,2049,2059 and 2069

According to the picture, we can see that herring and mackerel are gradually moving north. With
the temperature prediction data above, we can get the most likely center location of herring is (61°N,
7°W) and (60°N, 1°W), and the mackerelafs is (62° N, 4°W).



Team # 2018167 Page 9 of 30

5 Cellular Automata based prediction model

5.1 Cellular automata model

Cellular Automata is a grid dynamic model with local spatial interaction and temporal causality,
which is effective to simulate the biological behavior by discretizing the time and space. The state of
the current position at the next moment depends on the current state of the surrounding cells (Moore
Neighborhood, square grid), which is

t+1 t t t t t t t t t
Sij f(svi—l,j—lv Si—1,5> Si—1,j4+15 5i,j—15 Si 5> Sij+15 Sit1,5j—1> 87?+1,j7371+1,j+1)' (16)

To encode the state of the herrings and mackerels in the sea, we can set that every single grid contains
10000 shoals of herring or mackerel. By setting some specific rules of evolution, we can get prediction
of the herrings and mackerels state.

5.1.1 Migration

The positions of herring and mackerel follow the normal distribution with mean value ;. and vari-
ance 0 N(u,0?). p is the optimum sea surface temperature. The probability of fish distribution at
the optimum sea surface temperature is 100%, while the probability of fish distribution at other tem-
peratures is less than 100%. And fish migrate to the optimum sea surface temperatures. The principle
of 30 is

P{|X — u| <30} =99.37%. (17)

As we discussed above, fish are sensitive to the adaptability of sea water temperature. When the
water temperature changes between 0.1°C' and 0.2°C, the position of fish will change [2]. We do not
think there are any fish in the water above the optimum temperature of 0.5°C. Therefore,

30 = 0.5°C. (18)

For the Cellular Automata, the temperature of the grids around is likely to be different with the
current grid, so there will be a probability of migration between two grids, as shown in Figure 5.

A4

Ty Ty Ty

Figure 5: Fish normal distribution

T indicates the temperature of the seawater where the school of fish is currently located, and 75
indicates the temperature of the seawater where the school of fish migrates. M is the event of fish
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migration from the location at temperature of 7 to the location at temperature of 75>. While Ty is the
optimum temperature, the probability of M is

¢(T2) — ¢(Th)
(o) — ¢(To — 30)

P(M) = o(T1) — ¢(13)
&(To + 30) — ¢(Tp)
0 , otherwise.

; 9(To) > ¢(T2) = ¢(Th)

L O(Th) > o(Ty) > ¢(Ty) (19)

5.1.2 Reproduction

The natural rate of increase is birth minus death minus fishing. The natural growth of a shoal of fish
is logical. We throw 10000 points into each grid, in shoals of fish [6]. The formula for the Logistic

curve is [7]
K

N = 1+ea—rt'

(20)

Where K is environmental capacity, « is the number of fish at the initial moment and r is required
parameter. Herring and mackerel population tend to stabilize in a grid of waters[8], and we think
K = 10000. @ is the number of fish at ¢ = 0 and we take a = 10. In equation (20), only the parameter
r needs to be solved. If we know the coordinates of some point on the curve, and we plug it in, we
can figure out what r is.

It takes about 5 years for the herring to reach X the coordinates (5,5000), and r is solved by substi-
tuting it into the equation of the Logistic curve of the herring. The value of r is 2 and the equation of

the curve is
10000

T 14 el0-2t @1
Mackerel breeding time is longer than the herring. It takes about 7.5 years for the mackerel to reach
L&, the coordinates (7.5,5000), and r is solved by substituting it into the equation of the logistic curve
of the mackerel. The value of r is 1.35 and the equation of the curve is

10000

1 T+ e10-1.35¢" (22)

The Logistic curve for herring and mackerel are shown in Figure 6 and Figure 7, respectively.
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Figure 6: Herring Logistic curve Figure 7: Mackerel Logistic curve
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Fitting with the Cellular Automata, while discretizing the time dimension, the population of the fish
next year depends on the current population. While we have the Logistic Curve and the population
of current grid, the population prediction is shown in Figure 8.

environment changes . |
J' current population N, * |

curve changes > N=N’

solve new t' in new curve N’
by using N,
t=1

population prediction N’y

Figure 8: the population prediction flow chart

5.1.3 Environmental tolerance

Naturally, fish have different K values at different temperature, as shown in Figure 9.
(D)

A

f(To)

f(T1)

T

'
-

Figure 9: Different K values at different temperature

Suppose the optimal temperature is Ty, and its K value is K(Tp) = 10000. We need to find the K
value at different temperature 7.

According to the normal distribution map, the distribution probability of fish swarm corresponding
to temperature Ty is f(7p), and the distribution probability of fish swarm corresponding to tempera-
ture Ty is f(T1).

To some extent, the K value is proportional to the distribution probability, the expression is

K(To) _ f(To) (23)

Then, we can figure out the value of K at 7.

As we discussed above, we use Cellular Automata to simulate the population of each grid from 2020
to 2069 by using the SST data we predicted before.
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5.1.4 Operation of Cellular Automata

To some small fishing companies, it is not affordable to catch fish while is too far from them. We
set that while the fish migrates away from the coast in the distance of one grid (about 70 to 100
kilometers), the small fishing companies can hardly harvest. Then we take notes on the year that the
all fish is more than one grid away from the small fishing companies.

The operation figure are shown in Figure 10.
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Figure 10: The operation figure in 2019, 2029, 2049 and 2069

5.1.5 The flow chart of the Algorithm

The flow chart of the cellular automaton is shown in Figure 11.
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Figure 11: The flow chart of the cellular automaton

5.2 Results of cases

To achieve universality, we take 1000 independent repeat experiments, then write down the best case,
worst case, and most likely elapsed time as shown in Table 6.

Table 6: Results of cases

time(year) “~\_case _ _
aeh best case | worst case | most likely elapsed time
is

herring 35 16 24

mackerel 23 9 10

We take the time with the most occurrences as the most likely case. The shortest time is the worst
case, and the longest time is the best case. It can be seen that for herring, it is most likely that small
fisheries companies will have nothing to harvest in 24 years and the frequency of occurrence is 31%.
For mackerel, it is most likely that small fisheries companies will lose nothing in 10 years and the
frequency of occurrence is 33%. Therefore, small fisheries companies need to change their economic

strategies.
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6 Evaluation of small fishing company policy model

6.1 Change management analysis

Our predictive analysis shows that over time, if the small fishing companies continue to fish at their
current location, the small fishing companies will have nothing to harvest. Therefore, small fish-
ing companies need to change their operations in order to be economically viable and sustainable.
According to the known conditions, we give three options.

o Of all their assets to fishing companies from Scotland port moved closer to the current position
of two fish populations of mobile location.

e Parts of the fishery company assets from Scotland port moved closer to the current position of
two fish populations of mobile location.

e Using a proportion of small boats allows fishing without relying on land support for a period
of time, while still ensuring freshness and high quality of the fish caught.

Then, we use fuzzy comprehensive evaluation method to evaluate and analyze the strategies of small
fishery companies.

6.2 Fuzzy comprehensive evaluation model
6.2.1 Establishment of factor set and comment set

There are a number of factors that need to be taken into account, whether it is transferring the assets
of a fishing company or using boats for transport.

Moving some or all of a fishery company’s assets to another location incurs short-term costs such as
moving costs, rebuilding costs, and employee transfers. There are also short-term costs associated
with buying new fishing boats, upgrading old ones and maintaining them. Therefore, the first factor
to consider is the short term costs.

From the point of a long time, the relocation fishery company’s assets will impact on company profits
in the future. After moving for a while, there will be less and less fish around and fishing companies
will have to adjust accordingly. After the purchase of new fishing boats, the subsequent person-
nel training, the daily expenses of employees, and the long-term maintenance of fishing boats will
generate certain costs. Therefore, the second factor to consider is the long term costs.

Both the transfer of assets from fishing companies and the use of boats have an impact on the amount
of fish caught. Therefore, the third factor to consider is fishing harvest.

After all assets are transferred, fishery companies will lose their original sales channels, so they need
to open up new sales channels in new places. Fishing boats can not only retain the original sales
channels, but also open up new sales channels. Therefore, the fourth factor to consider is sales rev-
enue.

It is more difficult for fishery companies to transfer all assets, but less difficult to transfer some assets
and use fishing boats. Therefore, the fourth factor to consider is implementation difficulty.
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In a word, factors are short term cost u1, long term cost us, fishing harvest us, sales revenue u4 and
implementation difficulty us. Let
U = {u1,u2,u3, usg, us}. (24)

Comments are excellent v1, good v, average vs, relatively poor v4 and poor vs. Let

V = {v1,v9,v3,v4,05}. (25)

6.2.2 Evaluation of all assets transferred

For transfering of all assets, fishing harvest has the greatest impact, followed by short-term and long-
term costs, and finally sales revenue and implementation difficulty. Next, we determine the weight
of each factor as long as the weight can reflect the importance of each factor, the specific weight is not
important. The weight of each factor is

A=(015 015 05 0.1 0.1) (26)

The evaluation matrix is

Ri=|03 05 02 0 0 (27)
0 0 01 03 06
0 0 02 06 0.2
We calculate the matrix synthesis
B = AR
0 0 02 02 06
05 04 01 0 0
= (015 015 05 01 01)-] 03 05 02 0 0
0 0 01 03 06
0 0 02 06 0.2
= (0225 031 0.175 0.12 0.17) (28)

Take the evaluation with the largest value as the comprehensive result, then the evaluation result is
good.

6.2.3 Evaluation of transfer of some assets

For transfering some assets, fishing harvest has the greatest impact, followed by short-term and long-
term costs, and finally sales revenue and implementation difficulty. The evaluation matrix is

0 0 02 06 02
04 04 02 O
Ro=1| 04 035 0.2 0.05
0.5 02 02 0.1
0.2 02 05 0.1

(29)

[ecBlen B en B @n]

We calculate the matrix synthesis
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By = A-Ry
0 0 02 06 02
04 04 02 0 0
= (015 015 05 01 01)-f 04 035 02 005 0
05 02 02 01 0
02 02 05 01 0
= (033 0275 0.23 0.135 0.03 ) (30)

Take the evaluation with the largest value as the comprehensive result, then the evaluation result is
excellent.

6.2.4 Evaluation of the use of vessels

For transfering of the use of vessels, fishing harvest has the greatest impact, followed by short-term
and long-term costs, and finally sales revenue and implementation difficulty. The evaluation matrix
is
0 0 02 02 06
05 04 01 0 0
Ry=| 0 02 05 02 0.1 (31)
02 05 02 01 0
05 04 01 0 O

We calculate the matrix synthesis

By = A-Rs
0 0 02 02 06
05 04 01 0 0
= (015 015 05 01 01 )-f 0 02 05 02 0.1
02 05 02 01 0
05 04 01 0 0

= (0145 0.25 0.325 0.14 0.14 ) (32)

Take the evaluation with the largest value as the comprehensive result, then the evaluation result is
average.

6.3 Evaluation results

For the transfer of all assets, the evaluation result is excellent. For the transfer of some assets, the eval-
uation result is good. For the transfer of the use of vessels, the evaluation result is average.Therefore,
the transfer of part of the assets of the fishing companies from the current position to the Scottish
port of fish stocks moving closer to the two positions is the best choice.
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7 Adjusted Evaluation Strategy Model for Small Fisheries Companies

According to the 1982 United Nations Convention on the Law of the Sea [9], small Scottish fishing
companies prohibit fishing in other countries’ territorial waters without the permission. If some
proportion of the fishery moves into the territorial waters (sea) of another country¢rthis part of the
fishery will not be used by small Scottish fishing companies.

According to the predictive results of the prediction model, there is a big possibility that some pro-
portion of the fishery moves into the territorial waters (sea) of another country, as shown in Figure
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Figure 12: Location of fish in 2012 and 2069

The waters in Figure 12 are the waters around Scotland, and the waters outside the map are the
waters of other countries. The number of mackerel in 2069 is significantly smaller than in 2012,
indicating that mackerel migrated to the waters of other countries.

As a result, the fishing harvest of these proposals will be greatly affected. When the fishing harvest
decreases, we need to adjust the weight of each factor and the evaluation of the fishing harvest of dif-
ferent proposals. For the weights of factor set, the importance of fishing harvest is down when fishing
harvest decreases. Correspondingly, the weights of costs and sales revenue will rise. Therefore, the
adjusted weights of each factor are

A'=(03 015 03 0.15 0.1) (33)

At the same time, our comments on fishing harvest of the proposals should be reduced accordingly.

For the transfer of all assets, the adjusted evaluation matrix is

0 0 02 02 06
05 04 01 0 0

Ry=1] 01 02 05 02 0 (34)
0 0 01 03 06
0 0 02 06 0.2

We calculate the matrix synthesis is

By =A"-R;=(0105 0.12 026 0.225 0.29 ) (35)
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Take the evaluation with the largest value as the comprehensive result, then the evaluation result is
average.

For the transfer of some assets, the adjusted evaluation matrix is

0 0 0.2 06 0.2
04 04 02 0 0

Ry=| 0 02 05 02 0.1 (36)
0.5 02 0.2 0.1 0
02 02 05 01 0

We calculate the matrix synthesis is

By=A"-Ry=(0.155 0.7 0.32 0.265 0.09 ) (37)

Take the evaluation with the largest value as the comprehensive result, then the evaluation result is
average.

For the transfer of the use of vessels, the adjusted evaluation matrix is

05 05 0 0 0
0 0 02 04 04
Ry=1 0 02 05 02 0.1 (38)
02 0.5 0.2 01 0
05 04 01 0 0

We calculate the matrix synthesis is

By =A"-R;( 023 0325 0.22 0.135 0.09 ) (39)

Take the evaluation with the largest value as the comprehensive result, then the evaluation result is
good.

According to our newly established weights and fuzzy judgment matrices, the use of a small per-
centage of small fishing vessels that can operate over time without relying on land support, while
still ensuring the freshness and quality of the catch is the best option.

When a percentage of the fishery is transferred to the territorial sea (sea area) of another country,
the three proposed harvests are not enough. At this time, although using fishing boats is a better
choice, it is not excellent. As a result, we propose a new option. When the decline in fishing harvest
is inevitable, we suggest changing the business model to complete the industrial upgrading. On
the basis of the use of vessels, increase the added value of products through the development of
fish processing technology. We propose that small fishing companies shift their focus from fishing
and selling to processing fish products, improving sales revenue by increasing the added value of
products. We set up the fuzzy comprehensive evaluation matrix for the new proposal. The adjusted
evaluation matrix is

0 0 02 02 06
06 03 01 0 O
Ry=1 04 04 02 0 O
06 03 01 0 O
0 03 04 03 O

(40)
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We calculate the matrix synthesis is

By=A"-Ry=(03 024 019 0.09 0.18) (41)
Take the evaluation with the largest value as the comprehensive result, then the evaluation result is
excellent. So our final proposal is transforming fishery processing industry and developing fishery
processing technology, at the same time, using some proportion of small fishing vessels capable of

operating without land-based support for a period of time while still ensuring the freshness and high
quality of the catch to obtain raw materials.

8 Sensitivity Evaluation of the Model

According to (42),
p
e(n) = z(n) + Z ap(k)x(n — k) (42)
k=1

we can know that the fluctuates of SST may influence the solution of vector a,, thus making it
potentially to get the inaccurate temperature prediction. So, it is necessary to test its stability.

We set a random disturbance from 1% to 5% for the vector a,, then predict the temperature by using
the Linear prediction model. The results are shown in Table 7.

Table 7: The results of sensitivity evaluation

relative perturbation
error of ap 1% 2% 3% 4% 5%

number
1 -0.9954% | -1.2751% | 1.9677% | 3.1652% | 3.6792%
2 0.5987% | 1.4874% | -2.1759% | -2.8612% | 2.9489%
3 0.9675% | -1.3226% | 2.0563% | 2.2887% | 3.1244%
4 0.3723% | 1.9844% | 2.2196% | -2.1505% | -3.9789%
5 -0.2689% | 1.1835% | -1.5630% | 1.9409% | 3.1976%

We can find that the disturbance of vector a, will influence the prediction to some extent but in the
acceptable range.

9 Strengths and Weaknesses

9.1 Strengths

e Compared with the continuous solution, the computing speed has been significantly increased.
Besides, Discretization is stable even has the abnormal or extreme data.

e The theory of signal and system is used to deal with the prediction problem. In this way, we
have built a linear prediction model that can reasonably predict the temperature change of sea
water in the next 50 years.
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e The simulation model of fish migration is established by using cellular automata. The migration
of fish with the temperature of sea water is well simulated.

e The Fuzzy comprehensive evaluation model is established to evaluate various options for small
fishing companies. This method can be changed according to the actual situation of small
tishery companies , which has good adaptability.

9.2 Weaknesses

e The factors of food and natural enemies are not taken into account when establishing the sim-
ulation model of fish migration.

¢ To deal with data more conveniently, we use discretize the space. To some extent, some contin-
uous condition cannot be reflected, which can cause some error.

e Fuzzy comprehensive evaluation has some subjectivity, In practical application, some deviation
may occur due to the company’s subjective judgment.

10 Conclusion

As global temperatures warm, sea surface temperatures will rise. Fish are very sensitive to the tem-
perature of the sea, and they migrate to the proper sea temperature. We collect data from 1970-2019
in the territorial waters around Scotland, and predict the sea surface temperature in the next 50 years
by a linear prediction method. Herring and mackerel both have sea surface temperatures that are
most suitable for survival. Based on the predicted sea surface temperature, we get the position of
the two fishes over the next 50 years. When the school of fish migrates too far from the small fishery
company, the small fishery company will have nothing to gain. We use cellular automata to find the
best case, worst case, and most likely case. Therefore, small fisheries companies need to adjust their
economic strategies. Small fisheries companies can transfer all or part of their assets or use small fish-
ing vessels. We use fuzzy comprehensive evaluation to evaluate the three strategies. Small fishery
companies are best to transfer some assets. When the two fish migrate to the territorial sea of another
country, we adjust the weights and judgment matrices of the factors and continue to evaluate the
three strategies using fuzzy comprehensive evaluation. Small fishing companies are better off using
small fishing vessels. On this basis, we propose to vigorously develop the fish product processing
industry with the reduction of fishing volume. Human beings need to pay attention to the phe-
nomenon of global warming, reduce carbon dioxide emissions, reduce deforestation and plant more
trees. Only by protecting the ecological environment and carrying out sustainable development can
man and nature live in harmony.
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An Article for Hook Line and Sinker Magazine

In recent years, the production of human life produce large amounts of carbon dioxide. Forests have
been cut down heavily and their ability to absorb carbon dioxide has weakened. Carbon dioxide and
other greenhouse gas emissions cause global warming. According to Met Of fice Hadley Centre
observations datasets, we get the sea surface temperature (SST) from 1970 to 2019. Here we show
the sea surface temperature of 3 regions from 1970, 1980, 1990, 2000 and 2010, as shown in Table 8.

Table 8: Partial annual mean sea surface temperature of part of the grid

temperature(°C) \_year
1970 1980 1990 2000 2010
number
1 8.895270864 | 9.095693787 | 8.830128948 | 9.167598645 | 9.791239222
2 8.976814866 | 9.060541868 | 8.827538053 | 9.183705529 | 9.68282187
3 9.031771421 | 8.975657781 | 8.82588474 | 9.175647577 | 9.595830719

Global warming produce a series of problems, such as rising sea levels, affecting industrial produc-
tion in agriculture, biological effects of migration and so on. In this article, we focus on the effects of
global warming on herring and mackerel migration. Fish have the optimum sea surface temperature.
And fish are most sensitive to the adaptability of sea water temperature, when the water temperature
changes between 0.1°C' and 0.2°C, the position of fish will change [2]. We get the suitable sea surface
temperature for herring is 11.05°C to 11.4°C, and the suitable sea surface temperature for mackerel
is 9.98°C' to 10.2°C. We give four year predictions for sea surface temperatures in 2029, 2039, 2049
and 2059, and the most likely locations for the two species of fish, as shown in the Figure 13.
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Figure 13: The most likely locations for the two species of fish in 2029, 2039, 2049 and 2059

According to the picture, we can see that herring and mackerel are gradually moving north. If herring
and mackerel are located too far from the small fishery company, the small fishery company will have
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nothing to harvest. We get the best case, worst case, and most likely elapsed time as shown in Table
9.

Table 9: Results of cases

time(year) case

P best case | worst case | most likely elapsed time
is

herring 35 16 24
mackerel 23 9 10

It can be seen that for herring, it is most likely that small fisheries companies will have nothing to
harvest in 24 years. For mackerel, it is most likely that small fisheries companies will lose nothing in
10 years. Therefore, small fisheries companies need to change their economic strategies. There are
three options.

o Of all their assets to fishing companies from Scotland port moved closer to the current position
of two fish populations of mobile location.

e Parts of the fishery company assets from Scotland port moved closer to the current position of
two fish populations of mobile location.

e Using a proportion of small boats allows fishing without relying on land support for a period
of time, while still ensuring freshness and high quality of the fish caught.

It is difficult for small fishery companies to transfer all assets, and it will lose their original sales chan-
nels and affect economic returns. When the herring and mackerel migration distance is small, small
fisheries companies are best to transfer some assets. Because it is cheaper and easier to implement.
Not only can the original sales channels be retained, but also new sales channels can be opened up.
After some assets of small fishery companies, the fishing volume will also increase, and economic
returns will increase.

When herring and mackerel migrate to the territorial seas of other countries, small fisheries com-
panies will reduce their fishing volume after transferring assets, thus reducing economic returns.
Therefore, using a small percentage of small fishing boats has become the best choice. The use of
fishing vessels enables operation over time without relying on land support, while still ensuring the
freshness and quality of the catch. Our suggestion is that on the basis of using a certain percentage
of small fishing boats, small fishery companies should vigorously develop the processing and man-
ufacturing of fish products. Processing fish products such as canned fish and salted fish can increase
the price of fish. Even if fish catches are reduced, the price of fish products will increase through
processing, and the economic benefits of small fisheries companies will increase.
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12 Appendix

Sea surface temperature prediction program

clear
clce
close all

path = ’SST.nc”’;

lon = ncread(path, ’longitude’);
lat = ncread(path, ’latitude’);
sst = ncread(path, ’“sst’);

lon_area
lat_area

(lon >= =17 & lon <= 3);
(lat >= 48.5 & lat <= 63);

lon = lon(lon_area);
lat = lat(lat_area);
sst = sst(lon_area, lat_area, length(sst)—-50+12+1:length(sst));

for i =1 : length(lon)
for j =1 : length(lat)
for k =1 : 50
sst_mean(i,j, k) = mean(sst(i,j,(k—1)*12+1:k%12));
end
end
end

a_temp = [];

for i =1 : length(lon)
for j =1 : length(lat)
series = reshape(sst_mean(i,j,:), 1, size(sst_mean, 3));

if sum(isnan(series))
sst_prd(i,j,:) = ones(1,100)xNaN;
sst_flt(i,j,:) = ones(1,100)=*NaN;
a_temp = [a_temp; ones(1,50)«NaN];
continue;

end
order = 50;
year = 50;

n = series (end—order+1 : end)’;
[r,lg]=xcorr(n, biased”);
r(lg <0)=[];
[a,e]=levinson(r);
a_temp=[a_temp; _a];
k=1;
add_flag=0;
sub_flag=0;
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while k <= 50
n=series (end—order+1:end) ’;
w = —a(2:end);

series (end+1) = wxflip (n(2:end))
+ (0.55xsqrt(e)*rand — 0.05xsqrt(e)) ;
if series(end) — series(end—1) > 0
add_flag = add_flag + 1;
sub_flag = 0;

else
sub_flag = sub_flag + 1;
add_flag = 0;

end

if k>1

if series(end) — series(end—1) > 0.3 ||
series(end) — series(end—1) < —0.22 ||
add_flag > 2 || sub_flag > 2
series(end) = [];
continue;
else

end
sst_prd(i,j,:) = series;

windowSize = 3;

b = (1/windowSize)x*ones(1,windowSize);
a=1,;

flt = filter(b,a,series);

sst_flt(i,j,:) = flt;
end
end

hold on
plot(reshape (sst_prd(1,1,3:end),1,98))
plot(reshape(sst_f1t(1,1,3:end),1,98))

filename = ’sst_predict.nc’;

nccreate (filename, "lon’, ’Dimensions’ ,{ "lon’ ,length (lon)})
nccreate (filename, "lat’,’Dimensions”’, {’lat’,length(lat)})
nccreate (filename , “time’, 'Dimensions’, {’time’ ,100})

nccreate (filename , “sst_prd’,’Dimensions’,

{’lon’ ,length(lon), ’lat’ ,length(lat), time’,100})

nccreate (filename, "sst_flt’, 'Dimensions’,

{’lon’ ,length(lon),’lat’ ,length(lat), time’ ,100})

ncwrite (filename, “lon’,lon)

o on

BRI % PE iR
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ncwrite (filename , "lat’,lat)

ncwrite (filename , "time”,1970:2019)
ncwrite (filename , "sst_prd’,sst_prd)
ncwrite (filename , “sst_flt’,sst_flt)

Sea Surface Temperature Distribution Program

clear
clc
close all

path="sst_predict.nc’;
lon=ncread (path, ’lon”);
lat=ncread (path, ’lat”);
sst_prd=ncread (path, ’“sst_prd’);
sst_flt=ncread(path, ’“sst_fIt");

[X,Y]=meshgrid (lon, lat);

figl=sst_flt(:,:,50)";
fig2=sst_flt(:,:,60)";
fig3=sst_flt(:,:,70)";
tigd=sst_£f1t(:,:,80)";
figb=sst_flt (:,:,90)";
tigb=sst_flt(:,:,100)";

fig = figl;
for i =1 : length(lat)
for j =1 : length(lon)

if j~=1 && ~isnan(fig(i,j))

ii = 1;
=i -1

if fig(i,j) — fig(ii,jj) >= 0.5
m = (abs(fig(i,j)) + abs(fig(ii jj)) / 2;
fig(i,j) =m;
fig (il ,jj) = m;

elseif fig(ii,jj) — fig(i,j) >= 0.5
m = (abs(fig(i,j)) + abs(fig(ii,jj))) / 2;
fig(i,j) = m;
fig (ii ,jj) = m;

end
end
end
end

surf (X,Y, fig)
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xlabel ("longitude )
ylabel ("latitude )
grid off

Cellular Automaton Program

clear
clc
close all

path="sst_predict.nc’;
lon=ncread (path, "lon’);
lat=ncread (path, "lat”);
sst_prd=ncread (path, "sst_prd’);
sst_flt=ncread (path, "sst_flt");

time=50;
tem_arr=sst_flt (:,:,time);

fsh_arrl1 =[[3,14];[3,15];[3,16];[4,13];[4,14];[4,15];[4,16];[4,17]];
fsh_arr2=[[5,10];[6,8];[6,9];[7,91;[7,15]];
grd_arr1=[[3,14];[3,15];[3,16];[4,13];[4,14];[4,15];[4,16];[4,17]];
grd_arr2=[[5,10];[6,8];[6,91;[7,9];[7 ,15]];

[X,Y]=meshgrid (lon, lat);
year_countl =[];
year_count2=[];

pos_arrl=zeros(length(lon),length(lat));
pos_arr2=zeros (length(lon),length(lat));

for i=1:length(fsh_arrl)

pos_arrl (fsh_arrl1(i,2),fsh_arr1(i,1))=10000;
end

for i=1:length(fsh_arr2)
pos_arr2(fsh_arr2(i,2),fsh_arr2(i,1))=10000;
end

for year=50:100
pos_arr=pos_arrl+pos_arr2;

imagesc(pos_arr’);
axis equal;
colormap hot;
xlabel ("longitude )
ylabel ("latitude )
drawnow ;

pause (0.5);

pos_arrl=next_state(pos_arrl,sst_fIt(:,:, 6 year),2);

pos_arr2=next_state(pos_arr2,sst_fIt(:,:,year),1);
end
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function count=find_fish(pos_arr, grd_arr)
pos_tmp=[[0, -1];[ -1,0];[1,0];[0,1]];
fori=1:length(grd_arr)
count=0;
for k=1:length (pos_tmp)
temp_i=grd_arr(i,2)+ pos_tmp(k, 2);
temp_j=grd_arr(i,1)+ pos_tmp(k, 1);
if pos_arr(temp_i,temp_j)>1000
count=count+1;
return;
end
end
end
end

function pos_cur=next_state(pos_arr,sst_arr ,h label)
pos_tmp=[[ -1, -1];[0,-1];[1,-1];[-1,0];[1,0];[-1,1];[0,1];[1,1]];
pos_cur=pos_arr;

for i=1:size(pos_arr,1)

for j=1:size(pos_arr, 2)

num=pos_arr(i,j);

if num==0

continue;

end

for k=1:8

temp_i=i+pos_tmp (k, 1);

temp_j=j+pos_tmp (k, 2);

if temp_i<=0I|temp_i>size (pos_arr,1)

continue;

end

if temp_j<=0||temp_j>size (pos_arr,2)

continue

end

if isnan(sst_arr (temp_i,temp_j))

continue;

end
m_num=move_num( pos_arr(i,j)/8,sst_arr(i,j),sst_arr(temp_i,temp_j), label);
NUM=NUM-n_num;

if num<=0
num=0;

else

pos_cur (temp_i, temp_j)=pos_cur (temp_i, temp_j)+m num;
end

end
num=new_num( pos_arr(i,j),sst_arr(i,j),label);
pos_cur (i, j)=num;

end

end

end

function num=move_num(pos_curr,sst_curr ,sst_next,b label)

o on

BRI % PE iR
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if label==

u=11.23;

s=0.167;

end

if label==2

u=10.09;

s=0.167;

end

pl=mynorm(sst_curr ,u,s);
p2=mynorm( sst_next ,u,s);
p=p2—pl;

p=p*2;

p=p+0.5«p*rand —0.25xp;
if p<=0

num=0;

else

num=0;
fori=1:length(pos_curr)
if rand<p

num=num-+1;

end

end

end

end

function num=new_num(pos, sst, label)
if pos<=0
num=0;
else
if label==
u=11.23;
s=0.167;
K1=10000;
end
if label==2
u=10.09;
$s=0.167;
K1=10000;
end
if sst>u
sst=2xu—sst;
end
yl=mynorm(u,u,s);
y2=mynorm( sst ,u,s);
K2=K1xy2/y1;
x=solvelogistic(pos,label ,K2);
y=mylogistic (x+1,label ,K2);
num=floor (y);
end
end
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function y=mynorm(x,u,s)
y = norm cdf(x,u,s);
end

function y=mylogistic(x,label ,K)
if label==

r=2;

else

r=1.35;

end

a=10;

y=K./(1+exp(a—r*x));

end

function x=solvelogistic(y,label ,K)
if label==
r=2;
else
r=1.35;
end
a=10;
if y>K
=Kx0.95;
an
x=(a—log (K/y—1))/r;

end
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