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Study on the profitability improvement of the fishing boat fishery
Analysis of fishery of offshore longline at Kesennuma City in Miyagi Prefecture

Sentarou TSURU **

Abstract: At one time Japan was one of the world’s major fishing nations. The continuation of
fishery management has gotten into difficulties in Japan since the 90’s. The reason is the decrease
in marine resources and reinforcement of the international regulation, lower price of fish following
an increase in import marine products, and soaring fuel prices. The decline of fishery is brought by
the deterioration of external environment conditions such as the economic and market conditions
and internal environment conditions such as management capability in Japan.

The purpose of this study is to explore the profitability improvement of the management
of the fishing boat fishery paying attention to internal environment conditions of fishery
management. Fishery with a ship, boat or vessel is defined as the fishing boat fishery in
contrast to aquaculture and fixed-net fishing.

I set two subjects to achieve the purpose mentioned above in this study. First, I clarified
the business condition of the fishing boat fishery in Japan. Second, I examined an approach
to improve profitability of the fishing boat fishery. With reference to documents and statistics
documents, I used return on sales as an index and analyzed business condition. Taking up
fishery of offshore tuna longline at Kesennuma City as an example, I evaluated fishing ground
productivity and choice of the operation method and choice of the fishing ground.

Profitability improvement is defined as the profit that does not come to have a deficit when
deducting the total cost from landing proceeds. In other words, the policy of the profitability
improvement aims at return on sales to become a non-minus number. The fishery of tuna
longline is one kind of the fishery to represent fishing boat fishery in Japan. The fishery of
tuna longline is comprised of inshore, offshore, and pelagic. There is the fishery of offshore
tuna longline in a position of a nucleus-like local industry in the coastal fishing village areas of
Miyagi, Miyazaki, and Kochi. The ups and downs of this fishery decide the vicissitudes of the
fishing village regional economy.

As a result of having examined the business condition of the fishing boat fishery in Japan
from return on sales, the return on sales showed a periodic change between a plus and loss
from 1975 through 2000. The return on sales has resulted in negative value every year since
2000 and is a tendency to drop more. It is revealed that fishery management turned for the
worse. The fishery of tuna longline that is higher than the 50 ton’s layer.

The Kesennuma offshore tuna longline fishing boat usually engages in the shallower set
operation to catch swordfish and blue shark mainly. An offshore tuna longline fishing boat bases
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in Kesennuma and it is supposed that the fishing boat performs a voyage for 12 months with
29 days a month. With reference to operation records and landing results about Kesennuma
offshore tuna longline fishing boat, the average fishery effort and catch and fishery amount of
money, costs and profit according to the monthly voyage are obtained every 1 degree latitude
and longitude division of the northern Pacific sea area. Each item is described on a chart
about geographical distribution. Using this result, the characteristic of the seasonal catch at
fishing ground and deflection of the fishery effort, and fluctuation of the profit are specified.
In addition, a highly profitable operation method is examined. As a result, monthly profit
shows a high profitability from late autumn through early spring at the fishing ground located
near the shore of Japan, while it shows low profitability in summer. The species showing high
profitability include swordfish and blue shark. Either of the species is caught in summer as a
low profitability species. The summer bigeye tuna fisheries at 36~37° N and 160~170° E have
a possibility to improve their operation. However, it is thought that the fishing ground distant
from the coast line has low profitability as a whole. It was thought that a close inspection of the
income and expenditure was necessary for summer operation in particular.

By this result, it was inspected whether securing of profit was possible, when changing the
main target to tunas from spring to the summer. The offshore tuna longline fishing boat less
than 20 tons was considered to be a model in engaging in the tuna operation. These ships
usually engage in the deeper set operation for tunas mainly deepening the arrival depth of
fishing implements. A Kesennuma offshore tuna longline fishing boat bases in Choshi and it
is supposed that the fishing boat performed a voyage for 12 months with 29 days a month.
With reference to operation records and landing results about Kesennuma offshore tuna
longline fishing boat, the average fishery effort and catch and amount by catch, costs and
profit according to the monthly voyage is obtained every 1 degree latitude and longitude
division of the northern Pacific sea area. Each item is described on a chart about geographical
distribution. Using this result, the characteristic of the seasonal catch at fishing ground and
deflection of the fishery effort, and fluctuation of the profit are specified. In addition, a highly
profitable operation method is examined. Using this result, the profit per one boat of one voyage
is added up for 12 months. The profit of the total of 12 months is a deficit of -3,394,000 yen for
the deeper set operation for tunas. On the other hand, the profit of the total of 12 months is
a surplus of 11,619,000 yen for the shallower set operation for swordfish and blue shark. The
deeper set operation has lower profitability than the shallower set operation through the year.
The fish ground of the deeper set operation has low profitability in summer. The deeper set
operation and the shallower set operation have a surplus between autumn and winter seasons,
and have a deficit between spring and summer seasons. The improvement of the profitability
by the deeper set operation introduction is difficult in summer. Therefore, continuing the
shallower set operation same as before and cost reduction in summer and trying for the unit
price improvement of the blue shark are realistic.

Then, the maintenance period of the boat is really necessary. I assumed the operation period
for 11 months a year and the maintenance period of one month. I calculated it as a test about
how to choose the month of the maintenance when profit becomes maximum for the shallower
set operation and the deeper set operation. In addition, I calculated to test which month is most
suitable to choose the shallower set operation or the deeper set operation. I use the Solver that
is an optimization analysis tool in Excel for these test calculations with the combination of the
expected fishery amount of money and fuel oil expense, and annual fixed cost. Furthermore, I
performed a test calculation when a fishery mutual aid system is introduced as correspondence
at the time of the poor catch. From the result of the Solver, both operations of the shallower
set and the deeper set become the deficit voyage from May to September. As mentioned above,
the improvement of the profitability by the deeper set operation introduction is difficult in the
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same period.

The deeper set operation and the shallower set operation have a deficit of 11 month’s profit
and setting a maintenance period in July for both operations together minimizes the deficit.
The most suitable choice of the deeper set operation and the shallower set operation has
a deficit of 11 month’s profit and setting a maintenance period in July for both operations
together minimizes the deficit similarly. The deficit by suitable choice is lower than the deeper
or the shallower set operation. Each case comes to have a deficit by the test estimation using
the fishery mutual aid system. As for the introduction of that system, it does not become the
basic solution.

It will not improve management even if the deeper set operation of fishing boat of less than
20 tons is simply introduced into the Kesennuma offshore tuna longline fishing boat of more
than 119 tons. It is guessed that the deeper set operation of fishing boat of less than 20 tons had
lower cost than Kesennuma offshore tuna longline fishing boat, and, as a result, the profitability
1s inferred better. The main reasons for this are a small size engine and a small crew.

Finally, I considered a reduction in the possibility of the deficit voyage by choosing a fishing
ground that can secure the surplus when the fishery amount of money is less than the mean
(expectation). I also considered a reduction in the possibility of the deficit voyage by avoiding
a fishing ground that has high deficit when the fishery amount of money is more than the
mean (expectation). I supposed the fishery catch to be a normal distribution. p is the mean
(expectation), and sigma is the standard deviation (c). I defined the units of increase and
decrease as standard deviation. I assessed the fishing ground with three phases of p and p—o
and p—2o of the surplus fishing ground estimate. I also assessed the fishing ground with two
phases of u+2¢ and p+3o of the deficit fishing ground estimate. As appearance probability of
the surplus rises, a surplus fishing ground is limited. As appearance probability of the deficit
rises, a deficit fishing ground is limited, similarly.

Key words: the fishing boat fishery, profitability improvement, offshore longline, choice of the
fishing ground, Kesennuma
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Fig. 1. Change of the amount of production by sea fishery sector.
Source: I made it based on a fisheries statistics index.
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Fig. 2. Change of the production amount of money by sea fishery sector.
Source: I made it based on a fisheries statistics index.
Note: The production amount of money according to the fishery kind was abolished after 2007.
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Fig. 3. Change of the number about fishing boats and fishery management bodies.
Source: I made it based on a fisheries statistics index.
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Fig. 4. Change of the amount of production by the fishery sector.
Source: I made it based on a fisheries statistics index.
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Fig. 6. Change of the fish classification amount of production No,1.
Source: I made it based on a fisheries statistics index.
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Source: I made it based on a fisheries statistics index.
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Fig. 8. Change of the fish classification production amount of money.
Source: I made it based on a fisheries statistics index.
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Source: I made it based on a fisheries statistics index.

Note: In the case of the black, it is more than 0% .
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In the case of a deficit, it is less than 0% .
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Fig. 10. Return on sales by the fishing boat hierarchy.

Source: I make it based on "fishery management working papers’ of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
Note: In the case of the black, it is more than 0% .

In the case of a deficit, it is less than 0% .
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Fig. 11. The ratio of the labor cost / fishery expenditure by the fishing boat hierarchy.
Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,

Forestry and Fisheries making from 2006 to 2012.
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Fig. 12. The ratio of the oil costs / fishery expenditure by the fishing boat hierarchy.
Source: I make it based on "fishery management working papers" of the Ministry of Agriculture,

Forestry and Fisheries making from 2006 to 2012.
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Fig. 13. The ratio of the fishery distribution cost and the general administrative expense / fishery
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Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 14. Return on sales of hierarchy fishing boats more than 500t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.

Note: In the case of the black, it is more than 0% . In the case of a deficit, it is less than 0% .
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Fig. 15. The ratio of the labor cost/ fishery expenditure of hierarchy fishing boats more than 500t.
Source: I make it based on "fishery management working papers" of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 16. The ratio of the oil costs/ fishery expenditure of hierarchy fishing boats more than 500t.
Source: I make it based on "fishery management working papers" of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 17. The ratio of the fishery distribution cost and the general administrative expense/ fishery
expenditure about hierarchy fishing boats more than 500t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 18. The ratio of the labor cost/ fishery expenditure of hierarchy fishing boats more than 500t.
Source: I make it based on "fishery management working papers’ of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 19. The ratio of the labor cost/ fishery expenditure of the hierarchy fishing boat less than 500t
more than 200t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 20. The ratio of the oil costs/ fishery expenditure of the hierarchy fishing boat less than 500t
more than 200t.
Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 21. The ratio of the fishery distribution cost and the general administrative expense/ fishery
expenditure about the hierarchy fishing boat less than 500t more than 200t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 22. Return on sales of the hierarchy fishing boat less than 200t more than 100t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.

Note: In the case of the black, it is more than 0% . In the case of a deficit, it is less than 0% .
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Fig. 23. The ratio of the labor cost/ fishery expenditure of the hierarchy fishing boat less than 200t
more than 100t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 24. The ratio of the oil costs/ fishery expenditure of the hierarchy fishing boat less than 200t
more than 100t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 25. The ratio of the fishery distribution cost and the general administrative expense / fishery
expenditure about the hierarchy fishing boat less than 200t more than 100t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 26. Return on sales of the hierarchy fishing boat less than 100t more than 50t.
Source: I make it based on "fishery management working papers' of the Ministry of Agriculture, Forestry

and Fisheries making from 2006 to 2012.

A note: In the case of the black, it is more than 0% . In the case of a deficit, it is less than 0% .
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Fig. 27. The ratio of the labor cost / fishery expenditure of the hierarchy fishing boat less than 100t

more than 50t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,

Forestry and Fisheries making from 2006 to 2012.
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Fig. 28. The ratio of the oil costs/ fishery expenditure of the hierarchy fishing boat less than 100t more than
50t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture, Forestry
and Fisheries making from 2006 to 2012.
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Fig. 29. The ratio of the fishery distribution cost and the general administrative expense / fishery
expenditure about the hierarchy fishing boat less than 100t more than 50t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 30. Return on sales of the hierarchy fishing boat less than 50t more than 20t.

Source: I make it based on "fishery management working papers’ of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.

A note: In the case of the black, it is more than 0% . In the case of a deficit, it is less than 0% .
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Fig. 31. The ratio of the labor cost/ fishery expenditure of the hierarchy fishing boat less than 50t
more than 20t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 32. The ratio of the oil costs/ fishery expenditure of the hierarchy fishing boat less than 50t more
than 20t.
Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 33. The ratio of the fishery distribution cost and the general administrative expense/ fishery
expenditure about the hierarchy fishing boat less than 50t more than 20t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 34. Return on sales of the hierarchy fishing boat less than 20t more than 10t.
Source: I make it based on "fishery management working papers’ of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
Note: In the case of the black, it is more than 0% . In the case of a deficit, it is less than 0% .
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Fig. 35. The ratio of the labor cost/ fishery expenditure of the hierarchy fishing boat less than 20t
more than 10t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 36. The ratio of the oil costs/ fishery expenditure of the hierarchy fishing boat less than 20t more
than 10t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture, Forestry
and Fisheries making from 2006 to 2012.
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Fig. 37. The ratio of the fishery distribution cost and the general administrative expense/ fishery
expenditure about the hierarchy fishing boat less than 20t more than 10t.

Source: I make it based on "fishery management working papers' of the Ministry of Agriculture,
Forestry and Fisheries making from 2006 to 2012.
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Fig. 38. Change of the tuna longline fishery management body return on sales by the hierarchy.
Source: I made it based on a fisheries statistics index.
Note: In the case of the black, it is more than 0% . In the case of a deficit, it is less than 0% .
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F28 HEBIUMHE
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(Xiphias gladius), 3 ¥ F V) X (Prionace glauca)
G ETHREERITo TS, TR 16 TR,
) BEAEANIE 8 I AEML TH Y, MM oBIEIX
119 b v R TH 2 Y

FCABAMBECIBOT A VF 2D BICIIK
BB ATV, REMNEZ D 720123 IKRICH
HAERET L, UL, A7 VFIEMICEE~NEL
THLIENHMONTWAEZOTHD, TOHEBE
HFE (A (Shallower set) | & IETY, SAAIL i
CAHIZZMBET R HBESETH DL, —
T, TGRS 2 KT B ANFEHEOF CAHE M-
T, BHICHEMBEfTWRREOFEKEZHERS TS 0K
% 100 ~ 300m) % mFs [3EM (Deeper set)]
EWETN, 20 N RO E <A MM, 120 b
YU LEomEEE CAHIZAMMIELE LTIoNEEH
Wb,

SABEE <A ZMBEEOMEIIRDLEBY T
Hbo MAZHHICRET HIEEZMETRL, &
DV 5 R, S D 720 O B E A 4 R,
WEZ BT 22 B EERL, ZofEIER
RI2REM A 55, RRB®ICIICHE) RO
YIWT, Mo X 2R L OBmMORR S Y DT
T EBMEEN oM EET S, X512, #
MR T b KIFHE T TOR OBAMIEM A 3 KR T
HY, HEPSEHMETO WMDY A 7 V% 24 B
DN TR SRS, 1 HIZ 1 MOFES RN TH S,
HBII M B AR TIT W, BB %2 2 902017,
1 HZMTIT ) o BRI LRI I HIRTE REI o0 4 g
HRFEEE] & 72 2%, PeMICU 725 2 wIEE, SMey
M5B D KRB RIS CH T ENTE D, 2F D,
RERFEIE 1 HB X4 MR & ORI & 22 5 %%, [
PFAET B EZORY TIEZRW *Y,

WEAEE L, WIS TR0 1 XKEZ 1
T3 18k ERIL, 1 HOBMEIZH 100 ~ 125m
T, 1BUICSIS O V7B % 3~ 4RI F1) %
(Fig. 39) o i H.OFH IR I A2 50m LR TH 5.

SHCE 1,000 8L, #4981 (Boil) %4,000 AR £ 2SR
W REBOHAEE 25 TBY, MICHERL T
BEHOMIER X 100km 282 2 7, fHZIF S,
ANVXA T, o=, WbhblLaETHWS,

ERfesEh oy s, 20 U EFITO W
REIRE, WERYIbE, B, MEE bR, BEREE RSO

WZHRANIGH L, SOBITMEKE, BB, 61, WK
EBRELABNIWT 2. T CAHIZOVWTIE, A
W&, 81, WEsBRZ:, BEIEZ BRSO BRICHENIL,
ZOMOMFEIIIO F TRENUIT 5. F72, YA
PAHZOWTIR RIS —F 2 v MR E AL, ffk
KB HZPIIET %,

LALE A F <AL 2 AR SR & R T
HAED I THORZ W TEIREE L, MR T#Z
LITRGT B 1AL 72 Y ORFLEH EUI KGR AR
ZEAMLT40 HEife, #¥EIX20~30M%E2 7> T
72285, BUTE OftiE H UL HEY O I RFF D 729 30
HEigS e ) ooh b, MEAFEMBIE, IV F
R ERXH T FT 0% oK R K S E LD
TBY, Lorryxarx)Fx, Bioay
FUF K E N, Z OMUT FE HAf o 5= fa il
ELTCEYFHH, ANF, b V¥ (Kajikia audax) ,
F NG (Thunnus albacares) bififE SN % (Table 1),
T/, ThHOMBELAIC, 2 X IR (Lamna
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R (Lampris guttatus) 7% & HUSE, KsN b,

2. T —4

FIR O & 9 12k L WREEIRIICH 20l E <A I A
MR DR 2 W ET B 720, BEOB I LREY
DA A fE ) B 2 0L A7z TilgE AL A35AIE
MPESER FALAC X D B S 7z, PR 18 4 (2006
) 9 H A 5 FHE 234 (2011 4F) 8 H oI, K
WEMEL vy — GH, EOTZERIEE AKEZE -
HWERRE) PAMEHML, EHEOIEMLTREZ
1172

COFAEF, EEAMREEE <A 2RSS
I UAB RS & 47 ) A 8 BRI 4 2 ST e 2 R
WHEHEL YV AT L2 SOF— 7 IZREMOEEE

Fig. 39. Specifications of fishing implements.
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Table 1. Yearly unloading amount average of 5 years according to the month about the main fishes
caught by Kesennuma offshore tuna longline fishery at the Kesennuma Port from 2006 to 2010

Blue shark Swordfish Albacore Small bigeye tuna Bigeye tuna Bill fish  Yellowfin tuna Bluefin tuna Total of others

Month ® ® ® ® ® ® ® ® ®

1 356.6 288.0 29.0 30.3 17.1 1.3 1.5 0.2 78.5
2 364.5 279.2 16.3 24.0 10.3 1.0 0.9 0.5 69.8
3 415.2 278.9 12.5 20.8 6.6 2.4 1.1 0.5 5H4.8
4 307.6 170.0 2.7 45 2.5 2.4 0.7 0.3 40.1
5 730.7 165.1 1.8 6.2 5.4 5.1 0.8 0.3 88.2
6 876.5 29.1 0.5 1.6 1.8 2.5 0.3 0.3 73.2
7 1,127.8 34.3 0.1 0.8 1.2 5.9 0.1 0.2 95.4
8 401.9 38.0 0.0 0.1 0.8 5.7 0.0 0.0 68.1
9 269.5 448 0.8 0.0 0.5 3.8 0.0 0.1 36.2
10 561.9 223.0 7.4 0.3 3.4 6.5 0.1 0.3 91.8
11 491.0 357.9 16.9 1.0 2.7 0.8 0.2 0.7 99.3
12 463.7 333.4 39.4 24.2 19.6 1.2 1.8 0.2 114.2

Sum total 6,366.9 2,241.5 127.3 113.8 72.1 38.7 7.5 3.5 884.7

Data : I made it based on the unloading details of the Federation of Fisheries Cooperative Association of Kesennuma.
% The ships which belongs to the Kesennuma pelagic fishing cooperative were 23 for 2006 through 2008,16 in 2009,17 in 2010.

friE (PEMRATIE), A SISHEL, EZARE o S B i
ERESFHBEIN TS, /2, FAELTWS EEM
MOWEREZHEET 5720, TEMMOHINDER
P 2 SANF R P E W AL A TR E LY, gL
AW s EE% EH7 (Table 2),

ORI AR B U H B0 T AL o it b o 3
A EE 105knot 2 b &1, FEEHEE D 720 O BRI
I ELOBRBENEERZ D LICERZNIERL 2.
B, W ALOBRIMIE T RIS RRE L R
JAWTHE L7 INHOER & A EHHEAL 702 H
/L (st ¥ —, AWM (Kilo—1)—) A
filib% T A AL R HERE 2, T 17 4F (2007 4F) 1 H~F
% 23 4F (2011 4F) 12 HF, ®AbE, BikE) 2 H
W CBEA B O BRI AR & HEE L 720

F 72, RAAMER R A L D AT L7 18 4F
(2006 4F) % 5 FHE 22 4E (2010 4F) OLKAREEEIC B
V2 5AREHE F <A 2 MRS O A RIS H
fili (Table 3) % & &S H %, SANFEENSE
i lERLE & ) AT L 722K o 3 7 41 (2007 ~ 2009 4F)
OFEYERRE 2 b LI 2 ORE 2 ENRERAEE L
720

3. BERGE

1) ARG LRER

SERK 18 4E (2006 4E) 2 S R 22 4E (2010 4E) O
AR D 7 — % 2 212 Y, R
CHITZ MM OHIENE (BeMBEAE), Mf
) G0 I A R R A SR L, BT ) G A 1) 6 A R
(Table 2) % UC, fafEifEmEREZHEL
(X (1)o %P, Table 2 IZFME N TV W IC

DWTIE, MBI TIE [Zoft] Pafiso s
DOFRBICEF > TBYEEHEEIKTETH 720 L2
L, F#AEMES ofELOKGEE T Table 2 DAt
DAFEOWESEATNIEERD A% T LT h o7
72, TNHOMMIFER RS 2L & Lz, X (1)
WX o TROAMECHBERZ S L2, SAMDHERER
W A — R 72 898 5L 4,000 AR 272 D) o g E
(CPUE) Zkwo7: X (2).

S AR 15° DAL O R & R, R h
ZN1EXENISE LT, HBNCA XA TOEAD
MIERENY, RHERREAREBL, ROAEEELR
FRERB TR L THNO & IXE O#FE 1 ($8H5K
4,000 #550) K 7- ) OfiEFE R Z KD72 (X (3)). 20,
R, REEE 1 EEXH A0 1 B e LTE ST,

Q= X4y WeaXNFy (1)
CPUE=Q,/F,x4,000 (2)
AQt: Zf‘:l CPUE,, /a (3)

Q: Fipo i E R (kg), W MRS H &
(kg), NF @ %o il s s R %, F @ &
DREFEIEE (K), CPUE : &t D&M 4,000 424
720 O EER (kg/ $98 804000 &), AQ @ & X
OFSE 1 MM 720 O R, )], sd: BB EAA, 1
ARSI, ni B, ar&Xlo (GERD)
SR t AoaEHEES ().

R, RANELHEE <A ARSSE TR EHICS
DLEEGORECELEMEY THHAH Y FEI T F
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Table 2. Conversion weight and weight according to the brand of the main fishes caught by the

Kesennuma the offshore tuna longliner

~ BRI ST M DI i 1 R ARSE 2 AT R & LT~

Fish species  Description Weight Equivalent weight
Extra large Morel00kg 100.0kg
Large 70~100kg 85.0kg
Swordfish Medium 50~70kg 60.0kg
Small 25~50kg 37.5kg
Scraps Less25kg 12.5kg
Large Morel5kg 15.0kg
Blue chark Medium 10~ 15kg 12.5kg
Small 5~10kg 7.5kg
Minuscule Lessbkg 2.5kg
Large bachi More60kg 60.0kg
) Bachi 40~60kg 50.0kg
Bigeye tuna
Daruma 25~40kg 32.5kg
Small Less25kg 12.5kg
kiwada More30kg 30.0kg
Yellowfin tuna kokiwa 20~30kg 25.0kg
kimeji Less20kg 10.0kg
Large More20kg 20.0kg
Albacore Medium 10~20kg 15.0kg
Small Less10kg 5.0kg

Source : I made it based on hearing at the Federation of Fisheries Cooperative

Association of Kesennuma.

5 DARRS I 7 AT IR 2 JB3R 5 5 720002, NSRSk
TI272 0 ($98F804.000 A5 0> S8 5 & o Hol
zRw7z X @),

LatQ=%p., (CPUE_xOlaty)/ ¥y CPUE,, (42)
LongQ=%p, (CPUE_xOlong,)/Th CPUE,  (4b)

LatQ : e E & HE.O O, LongQ & Jfjl & &0
DOFEEE, Olat © FMOEEME O, Olong @ &R
DRFEME ORI, n HEH, t: H, b GEMD)
&t t HoAaHEER (),

2) 1 fRiEL Y OFE
@ 11BN DREELTE
SAWEEHE F <A1 MBI O B 513 HAl
(Table 3) %z, #fiE L/-fff M ERICREL T,
HBENCE om0 w i aH % ko (X 6)).
RO B DO SIS EL 4,000 A B B HEE i
M4 (VPUE) zko (X (6)), witho AQ
CHBRIC, WS R, BEZNZN 1 EXWIC5E
LC, ARNCSEXmoREESHEZEE Lz, Ihi
5 X T OMBEIERBTER LT, HHO&XE O
TH2720 ($98H504,000 AR5 DI sg e &4 %

Kvzz R (7)o

A=QxUPg (5)
VPUE=A,/F,x4,000 6)
AV=Y2_ VPUE,/a )

AR oiESAE (), UP: B BIAER) HAm (1
/kg), VPUE . &At D155 4,000 A4 7= D) o4
(M 7 898504000 &), AV @ & IX O3 1 F:Y
7o) oS (1), s ffl, Q F, a, n, ti3xk
(1) ~ ) THWAZHOEHRLFLTH 5,

TRNTIC BT BIE % Table 4 1273$ . —f&MIZ, 4E
W o MiiE I 8 ~ 10 fi i<, 8 A 7213 9 AIHHA
DEMGEATIH, RfETIE1»H%230H& L, H
OB ERFF 2 EH L7283, 1HHEZ 29 H, K&
HEWC1H, 17 A1 AET 40 12 HiLi o5
ERITH EWE LT $72, iDL, MFCBW
TIX % RT3 2 #8281 317D 7, R ICOWTITE
BEHEFE L) BRI T E L e v E DIE D B2, S
i, HBNC 1K1 fiiEk7e ) ofigzdeEl, H
BRSO HIR 5541 % WIS 5 7200 TH %o

EAEMCIRE L, SARSZRNE LT, M, B
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Table 3. Average unit price according to the month about the main unloading by the Kesennuma
offshore tuna longliner at the Kesennuma Port from 2006 to 2010

Blue shark  Swordfish Albacore

Small bigeye tuna Bigeye tuna Yellowfin tuna

Month =0 e)  (yenke)  (yen/kg) (yen/kg) (yon/kg) (yen/kg)
1 219 876 257 832 2,232 913
2 243 931 278 917 1,935 822
3 236 966 297 1,011 1,758 704
4 937 975 312 778 1.218 629
5 237 883 268 463 953 600
6 211 1,022 155 510 975 389
7 198 924 105 527 992 458
8 213 824 133 354 1,247 176
9 190 814 429 1,055 1161 892
10 206 778 392 839 1,394 745
11 202 726 208 967 1,645 812
12 206 744 975 900 2,304 921

Amnual 218 871 280 73 1611 707

Source : [ made it based on the unloading details of the Federation of Fisheries Cooperative

Association of Kesennuma.

Table 4. Supposition in the analysis

Item Supposition
The voyage days 29days
The number of the annual voyages 12times
Voyage speed 10.5Knot

The operation days

The operation number of times
Unit of the fishing ground

The use of the fishing ground

Catch

Cutting or loss of fishing implements

Influence such as sea conditions, weather, the tide

Fish unit price

The days that subtracted the days of the
coming and going voyage from 29 days.
Once a day
1 degree each latitude and longitude division.
Not performing the operation to cross the
division in a voyage
There is not the gradual diminution with the
operation degree of progress
Nothing happened.

There shall not be the influence.

The fall of diachronic unit price does not occur

1 O XMoo b % ZoXmofREmE L, 2
ORI O 2 BRI = Ak Y Ic ko THIEL, ThE
2f L TR, F72, 35° N LLEEA2 141° E Do
KEZDOWTIE, REHITEIT) LBELzMMLTL
FI. £oT, ZHME Y 2 THEEMNO 35N, 141
CE L LT, BB S, Ao RELE
TOWEEZ A L CHEMEEEE S L, Ellomifr
TR & S fiE ¥ % 105knot & L CHBIZLE
GH¥EEREM L) 2, FlEHEK29 HA» 5, #HEIC
VB HEUR 3 CAIXE T 1 il 72 ) e i
HE (M%) %KDz,

CAVICHRSE 1 Y72 ) HE e S % o U TR X
THELZGAEO LMY OlESH L RD -
(X ®)o

Vi=AVx (29 — D/10.5/24) (8)

VAKX Oz oS (M), AV:
FXEOEFE 1Y) oS (), D &4l
BHE» S B X OFLE T TOMAEMEEEE GBEE), t1d
XD ~ @) THOLZEBOEHRLFALTH S,

@ 11BN ORE

XM OMRER T TCOHEMBHEL, FHOHATH
FE2 5 F-¥) 105knot THLATT % L RE L (Table 4),
WBHELRMNEEED 7T — % 2 JLi# (Table 5) 1
LRGADYSTHMEES §Ta - Na A By

KIZ, Table 5 S 1 (FHr SHM, A
FETIEEAL S L7z) CET 2 MH R w5
WL, $R2E 1 NCET 2 RINTH 2 45 Xl o) 3 5 5
ENBERLT, 1HHY ) OLBREICES LR
B2 WA L7z S ISHEARMHE O BRI 2 = %
HLUTIMMES72 ) OIS L, ZHICBAAR A
I HAN % e U C 1A 72 0 AR A (8
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Table 5. Fuel consumption by Kaiseimaru

Sailing Line retrieving Line releasing drifting
vessel speed consumption vessel speed consumption vessel speed consumption  consumption
Knot) L/h) L/day) Knot) L/h) L/day) Knot) L/h) L/day) L/h)
Main engine 105 138 3,312 25 600 8 59 1,416
Auxiliary engine : 20 480 24 576 22 528 20
ZHEE L (X (9).
LatPR=Y] | (PR_ xSlaty)/ X} | PRy, (12a)

C£={D/10.5xUFM+(TxTf+AG*x AGF+HxHf)x (29 —
D/10.5/24)}xPf 9)

Cf 1 & IXW o> 1 Y7z 0 R &H (Z8E)
(1), UMS : HALRER 2 72 0 BB RR S 2 s, T
PeMRIRE ], T @ HUAZIRE [ 24 72 0 352 08 R RRHY 2 =,
AG AR, AGE D HAZIRE 24 72 1 35 R8I R
P, W imAme, Tf o HALIRE R 2 72 0 A R R
R, Pf: A EMYAN. DiEX Q) THWAZEK
DEFZLFELTH 5,

PRI PA OB (BEE) 2oV TiE, ZAHEEE
HEWFEME X ) AT LZERRBE O G E D S Rilo
wE (EBE) Fhix, hx12 (5 H) TRAEL
TS0 oBHZ2HE L7z,

O, BEERVz 1 AES7) 0B (FE%)
&R 72 D BRI () s LG,
1ftmEL -0 ofFHE Lz R (10),

C=C,/12+Cf (10)

C: &Ko 1 ftiE7-0 0B, C, @ ik %
B T oot (EwEH), Cf @ XM o 1Y
720 Rk EA (ZEHE) .
® 1fusLiv) OFE

FXWIZBUT 5 1HLiE2S72 ) OWHESE DS 1 A
W70 OB C THXMIZ BT 2 ik 2 LR L
L An).

PR=V,-C (11)

PR &ZXWIZBF 5 1Y) OFfE (B F
23R, tidxX (D) ~ Q) THWAZHOES ,
VizX 8) THwAZH»ER, Cidxk (100 TH
WEBDEFREENENF LU TH 5,

51T, HXENTHRELLYED 1H#EL2Z) O
Fliso A osfifnzitEs s 2L L LT, HRNI
172 ) oFREOFE LRz (K (12)

LongPR=%, | (PR _xSlong, /%) _ PRy, (12b)

LatPR: FItRE.OO#EE, LongPR : FIZRE L DORESE,
Slat : £ X WO RO OREEE, Slong @ 4 Xl o HLL O
BE it H OBERWEAEE, mBER WL t13 ()
~ 3) THWAZEHOEHELFLTH S,

F3E MR
1. ARG LRES

1) %%

5 7 AEDOLFANEEHEF < A1 2 MBI O M i 4R
MCIUE L 72 S0 BEME 2773 (Fig. 40), 3%
1330 ~40° N, 140 ~ 150° E @ H AT I % <,
—FHT, BERENLDOD 160° W HNEDEITIZB W
TOHOHEEMTONTEBY, MPGIIIEKTH S, 30~
40° N, 140 ~ 150° E O #PRIZSAIE A S 2 ~ 3 H D
NCTEET L ENTE L, T, BEBENRLRE
VW40° N, 170° EJHNIE5 ALETH L, &b, &
DORBIEEIIC D72 o TREBwINFIFFEL TV

IME  WOE  ISE  IB0E  IME B 10W I
L jritied#
Fig. 40. Operation position of the Kesennuma
offshore tuna longliner.
Note: Number of the observation n=11,213.
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175" EfF TR S I, I 2 4R, ZOHRLH
T, HARBRE® 36° N, 156° E -~ 08
BEIL7e 3% 0% ALMEIEAHARB R S 0P & 5%

~BETLEISEICHML, 4 HD 34" N, 165°
E fFiE2 53db FEm T, 6 HICHE 1 RS20 0
FEER OIS 248%kg TR\ & oo 720 TNLKED
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WO ELE/RT (Fig. 44)
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KR ITE GRS, &b A3 m D A <, FliRE
LA 5 BT T E~NOELBE§ 512D
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Fig. 41. Fishing catches per one time of operation according to the month of each division about main
fish as blue shark, swordfish, bigeye tuna, albacore, yellowfin tuna.

Source: Project report of offshore longline corresponding system (sea area in western North Pacific)
by Marine Fisheries Research and Development Center belonging to the Fisheries Research Agency
in 2011.
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Fig. 42. Center of gravity of the fishing weight per one time of operation according to the month
about swordfish.

Note: The numerical value that I referred under the month is mean fishing catches of (4,000 number
of the hooks conversion) per one time of operation according to the month.
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Fig. 43. Center of gravity of the fishing weight per one time of operation according to the month
about blue shark.

Note: The numerical value that I referred under the month is mean fishing catches of (4,000 number
of the hooks conversion) per one time of operation according to the month.
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Fig. 44. Center of gravity of the profit per 1 voyage according to the month.
Note: The numerical value that I referred under the month is mean profit amount of money per 1
voyage according to the months.
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Table 6. Average unit price according to the month about the unloading by offshore tuna longliner at

the Cyoushi port from 2006 to 2010

Albacore Bigeye tuna Swordfish Blue shark Yellowfin tuna Blue marlin Billfish Bluefin tuna Mako shark Salmon shark Black Marlin Sail fish Shortbill spearfish

Month

(yen/kg)  (yen/kg) (yen/kg) (yen/kg) (yen/kg) (yen/kg)  (yen/kg) (yen/kg) (yen/kg) (yen/kg) (yen/kg)  (ven/kg) (yen/kg)
1 333 1,244 893 143 712 483 602 6,910 78 152 919 69 32
2 368 1.476 972 202 797 454 679 7.833 103 156 676 123 138
3 348 1,531 1,048 107 831 371 697 7,236 68 75 416 131
4 298 1,420 1,200 178 730 309 814 5,664 107 241 178 303 53
5 257 1.203 1.026 181 666 269 818 3,257 137 218 588 84 93
6 273 1,095 1.013 191 657 248 400 1.519 147 96 90 55
7 370 1,324 949 151 718 256 294 1,693 99 151 408 116 105
8 435 1,465 873 163 664 277 264 1,763 98 173 568 88 63
9 503 1,387 814 188 978 287 255 1,466 120 176 185 107 48
10 558 1,425 814 191 1,121 313 398 1.780 101 171 658 84 118
11 388 1.350 737 169 1,055 282 459 2,081 106 158 556 142 107
12 299 1,632 859 146 1,206 511 728 6,258 93 68 1,012 55
Annual 332 1,405 931 169 810 347 551 4,235 107 151 750 121 71

Source : I made it based on tuna and shark long-liner unloading results list of the Federation of Fisheries Cooperative Association of Cyoushi making.
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Fig. 48. Comparison between mutual aid + savings plus and mutual aid + savings in the case of

skipjack and tuna fishery.

Source: I make it based on Fisheries Agency making "resource management, fishery income
compensation measures {detailed exposition) January, 2011".
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Fig. 49. Compensation example in case of skipjack and tuna fishery.
Source : I made it based on the guide of "the Gyosai system" of the fishery cooperative association and
association of fishery cooperative associations society of the whole country making.
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Table 7. The compensation method that I used for a test calculation

Compensation type

The range where is targeted for the compensation
(The amount of accident about the compensation)

30% of promises

Compensating for the decrease in income part that assumed 30% of
mutual aid ceilings the upper limit.

Compensation in

the promise limit 20% of promises

Compensating for the decrease in income part that assumed 20% of
mutual aid ceilings the upper limit.

10% of promises

Compensating for the decrease in income part that assumed 20% of
mutual aid ceilings the upper limit.

30% of promises as low accident non-

Compensating for the decrease in income part that assumed 20% of

compensation type with payment upper  mutual aid ceilings the upper limit, when the decrease in income is
limit above 30% of mutual aid ceilings.

Source : I made it based on the guide of "the Gyosai system" of the fishery cooperative association and
association of fishery cooperative associations society of the whole country making.
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Fig. 50. Operation range of the offshore tuna longliner less than 20 tons of 5 years.

Note: Latitude, longitude assumed once the smallest fishing ground unit each.

Source: Project report of offshore longline corresponding system (sea area in western North Pacific) by
Marine Fisheries Research and Development Center belonging to the Fisheries Research Agency in 2011.

Table 8. Ratio of fish classification fishing weight with the less than 20t offshore tuna longliner

Month Albacore Bigeye tuna Yellowfin tuna Swordfish Blue marlin Salmon shark Billfish

Blue shark  Bluefin tuna

1 70% 13% 7% 6% 1% 1% 1% 1% 0%
2 71% 10% 8% 6% 1% 1% 2% 1% 0%
3 64% 12% 11% 6% 1% 1% 3% 1% 1%
4 60% 17% 7% 5% 2% 3% 3% 0% 4%
5 49% 16% 8% 2% 6% 10% 3% 2% 3%
6 36% 9% 20% 2% 9% 18% 2% 2% 1%
7 35% 14% 23% 2% 15% 7% 2% 2% 0%
8 19% 52% 9% 4% 9% 1% 3% 1% 1%
9 10% 70% 6% 3% 5% 1% 3% 1% 1%
10 18% 64% 5% 4% 5% 0% 3% 1% 0%
11 48% 37% 3% 6% 3% 0% 2% 1% 0%
12 65% 22% 3% % 1% 0% 1% 0% 0%
Annual 52% 25% 8% 5% 3% 3% 2% 1% 1%

Source: Project report of offshore longline corresponding system (sea area in western North Pacific) by Marine Fisheries
Research and Development Center belonging to the Fisheries Research Agency in 2011.
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Fig. 51. Fishing catches per one time of operation according to the month of each division about main

catch fish, bigeye tuna, yellowfin tuna, albacore, swordfish, blue shark.
Source: Project report of offshore longline corresponding system (sea area in western North Pacific)
by Marine Fisheries Research and Development Center belonging to the Fisheries Research Agency

in 2011.
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Fig. 52. Center of gravity of the fishing weight per one time of operation according to the month

about albacore.
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Fig.53. Center of gravity of the fishing weight per one time of operation according to the month about

bigeye tuna.
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Fig. 54. Center of gravity of the profit per 1 voyage according to the month.

Fig.52 ~ Fig.54

Note: The numerical value that I referred under the month is a mean profit amount of money per 1

voyage according to the months.

Source: Project report of offshore longline corresponding system (sea area in western North Pacific)
by Marine Fisheries Research and Development Center belonging to the Fisheries Research Agency

in 2011
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Table 11. The most suitable maintenance month and the maximum of the annual profit when I

assumed the annual operation up to 11 months

Profit according to the

Profit according to the

Month month about deeper set month about shallower set

(thousand yen) (thousand yen)
1 -2,448 3,239
2 -1,252 2,435
3 -2,770 -2,028
4 -2,436 -4,527
5 -3,132 -3,435
6 -5,628 -3,810

7 Maintenance Maintenance
8 -5,738 -5,196
¢ -2,666 -4,444
10 1,699 1,953
11 -513 4,002
12 1,678 2,268
Annual profit -23,207 -9,542

# (Deeper set) | HEEIZHNRTRAEI/NE D72,
[%H (Deeper set) ] 3L [H#M (Shallower set)
BEOHAADEORERE Table 12127R T, DY
HO,7 AR EMmEHEE L, 4 A,9 12 TEEM (Deeper
set) ] #ExRITV4, 7, 9 ADSME [HEM (Shallower
set) ] BHEZATH TEVRBELEEHETDH Y, FEHOF]
1L -5674 THTHRTETH 50° [%M (Deeper set) |
& [&# (Shallower set) | ®ZFhEFh T hDH
B IR D L RT ORI E o 720

5. BAEHFHEDER

[%R# (Deeper set) ] #:3, [%M (Shallower set]
B3, [RM (Deeper set) ] #3 & %M (Shallower
set) ] HEOHMAEDLEDOKEEN B ZHRMLI25E
DOILIENA D S OPINEIE BT 28D EMFRTLL
W ILFRIG R L AR T % Table 13 1R T, 4F
B OFRFIM N OBINEAFICBNTH M (Deeper
set) ] & [{&# (Shallower set) | D AEHLE TH
bRTMEG A %, BIRFGRUIRLT I AETEHL,
KRG EHED D DOIIXDEAE AT 10% F TSI FRAHK

Table 12. The most suitable maintenance month and the most suitable operation choice and the
maximum of the annual profit when I assumed the annual operation up to 11 months

Profit according to the month

Month Operation choice
(thousand yen)

1 Shallower set 3,239

2 Shallower set 2,435

3 Shallower set -2,028

4 Deeper set -2,436

5 Shallower set 3,435

6 Shallower set -3,810

7 — Maintenance

8 Shallower set -5,196

9 Deeper set -2,666

10 Shallower set 1,953

11 Shallower set 4,002

12 Shallower set 2,268
Annual profit - -5,674
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Table 13. The mutual aid choice principle for the minimum annual deficits and annual deficit with

decrease in income ratio of each operation

Ratio of decrease The ratio of

Annual deficit

Choice principle

decrease in

in income from an . 3 . Combination of Deeper Reserve . .
unloading amount neome fm”f Deeper set Shallower set set and Shallower set or Comper.lsatlon Ratio of
¢ ) the mutual aid choice contract
ol money ceiling (thousand yen) (thousand yen) (thousand yen) Reserve plus
30% of promises as low
5% -32,061 -20,517 -16,660 Reserve plus accident non” 20%
compensation type with
payment upper limit
30% of promises as low
10% 0% -32,061 -20,517 -16,660 Reserve plus accident non- 20%
compensation type with
payment upper limit
19% 10% 39,079 -29,218 25,369 Reserve plus 10% of promises 80%
28% 20% 44,489 -35,924 -32,082 Reserve plus 20% of promises 80%
37% 30% -49,352 -41,951 -38,116 Reserve plus 30% of promises 80%
46% 40% -61,603 -57,138 -53,318 Reserve plus 30% of promises 80%
55% 50% 73,854 72,326 -68,521 Reserve plus 30% of promises 80%

FIORTAH R 30% & 2R E G 20% DA G DE,
KL S OWINDEE DS 19% DA T2 10% &
BB 80% DM AL b, KIGEHD S DRI E]
B3 28% DI AIIRITE 20% & K EIE 80% DA AF D
, KEEHED S ORWIXDEE A3 37 ~ 55% D&%
KI5 30% & BHE G 80% DAL b T b RTIEA
Blahrotze BB, RFMEREGSE ORI G5REL
ORBEFERNL, M OEBFEZRINL 72546 TH FERHA)
WATTITREE o T2, SO, HEILFEH]
BEHWE L TOIRARNRBIICIEES 2 wDs,
BESHDWA LGB E ORFIRZ LM TE 5
WHREVED D B L # 2 bz,

BaE BE

[ M (Deeper set) | FEDOMWBEIZOWTIZ10
~ 12 Q3% o (X)) 2858 FTER-THED,
150" E Z s & L7k (KHl) CTHEFPEL L, Ih
EANF LU F T OWMBOERIC L 5 2 fafli o
I DDEEZ SN, BV FHEANT OSSR
DSEHE LTV LA, FIIEOFNMIZENRS 2 ffl
DOEICIEBAEHELTBY, AREETEEZ2-oTw
Too TORFIL, FEIN 4 SERMYE B O F B &
B OFIWAFNC R D 5 B EEZ SN PEMEICH
LCid M (Deeper set) |, [&# (Shallower set]
MHEREL D 5~ 9 HIZkRTHiilEL 2oTBY, Zol
MICHEEL £ AP ENRD [#M (Deeper set) |
PEANRIE L2 L LCH IR om RIZfFTcE 2w
LEZ LNz, 61T, TR 1 EH720) OFIED 12
r AENE TE#M (Deeper set) | #E¥AY-3394 T-H &
T, [E# (Shallower set) ] #3113 11,619 T-H
LEFTTHY, FEHEBREIIEMEREEL ) DEMEMEL

THERMEDME D o 720 — T, EROBIEZ LR L THF
MR KRHEABE 11 A, 17 AU Lo &
IRET 5 & [EEM (Deeper set) ], [{#&# (Shallower
set) ] MNOFBHEICBWTD, 7 HITEMIMN % %%
THIENEEEEZ SN2, BT & FIREIERT
TH Y, T72 [HEM (Deeper set) ] & [ (Shallower
set) | DMAEGOEEEIIBWTH 7 HITEMHE %
BRETHILENRETHY, REDIRITRNTH -7
B, ATHOEFEF PRI 72 & LCTHEMOFRIE
T LRoTnie, LT, FMEKFIGEDRE R
TREICKEBDSIREE 7 o TV B O TH I EE %
W7o LTHRARRMRRE IS0, ZOZ L
H HIRO AT F <A1 ZMHHIE 119 b >)
T19 b AR L FRkD [4M (Deeper set) | #3%
ZHHMIEA L THIRSMYE BT nd o
LEZ BNz, M7, 19 b RSB AE 0 B
MRS FEMERD P VOT, 3 & MEIEAMEEE
FCAHIEZMPBME LD DR, PERMEIT Z O R
IhiZEVwWb oL E Nz, T2, M (Deeper
set) ], [#%# (Shallower set) | il DEEIZB VT
D BRANAE B Y% WL TR e R B D 1),
IA D) HLEHETH D RIMOBEILK & VL FifE
ATE BEICHEL T, KR 2 MERZFEH
L, LTS TOEFEBARERNTARE EHT S
Z LA, HERERRCAT R EE 2 SN,

F7:, 127 Ao [#%M (Shallower set) | #3¥T
FHEET, AU 127 AM® [HH# (Deeper set)
BEIIBWTY, FHERBEEAZ 11 » JITREL
T2 I HAR D ERT ORI/ S 2o 720

T/, FERBRAREEARE 11 » HICRE L RE
RIZBVTDH, 11 7 HiilgET 5 2 L TRT O
ISR DAERTH o 720 FEBITITE NI 2 5%
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B LEH B Y 12 7 H O BREESEIIATTRETH 5 745,
INHORRIZEINE, 2 IKMIZITDLR, F
TN 2 EL T A EMERRZEEZ LN
726

Do Z &hn, KRR <A1 2 iAo E
FICh 72 B BEICB TR Z UET 5 72012135
KRBk [HEME] B2 OIATY, FEIIC X - TR
[TEME ] BMELHAALZ LR, TV F Y P A HER
DIRDDIEMAR B WG ENEZ T VDD, AT F,
I F ) A OHAiA FXRET)LEL DD EE R
b7z,

BB, UHSMETIVIER Lz X b7 — & I25ER
D19 b AR O T — 7 2, KBEP S E
TOWHE, K& L oMREAGR, RO 7 — 5
FELBAAHIEICE ST, 19 b I OF T 74
RN 2 PR T A2 L b REE 2 S,

BoHE fEE

KETIE 1 DO¥f %2 VT, TSR 2E 0 8
ATCEELLLEEOIIEMEIZOWT, REZ2T- 72,
ZL T, MROBMIHE 0Lt 2 A AN, FEHEIC
BRI A BINL, FIRPKEL R LBEOHMAED
FIZOWTIZZ VDY M N—FHWTRE L7, B
BT, FIERAEAL L 72856 oW SE LI 2 v 7258
HbiTo7. ToOfER, Flik RTFELEIRT) 25K
EL b (RTFOLBFEINSL%h5) BEHEOMA
ADORIZOVTIEEIBDBPEE LNz, L2 LRSS,
WTNOBEE L RFETH o770 & TIEZEHI 2 HIR
WZDOWT DR 2T o 7255, OR DT I3k 4 Dk
B AITEERIRREITHFEH T A LN TELEER
bz, F/o, WELFEHIEEISH ETRRTH D,
KEGEFERZIEGEE LCRING 2 HET 50T,
M2 T A2UED L DT BV, £oT, HAD
BN RHEEOBRIZBVT, M EEDL LD
ERTHBEEZ LN,

p

(F13) &AEEEESER LA X D MDY .

("14) YFEMCH ST 217, BFEPDEHIC X
LZMEEZ . B, 19 v MFEFAHITAM
R H AR D 200 R THRZEST 2 b 03l
EORR T AT ZMIZEIS, 200 HEHEAL O KIS
WBWTHHRET LD DB ERED RO
B ECAMECKRGEING,

(*15) YHEMA~OHEIWY X %,

(" 16) 1k 18 4E (2006 4E) 9 H 2 5 F 1K 23 4F (2011 4F)

3 HFTid &M (Shallower set) | HE %2175 72

(*17) Bk Lo 2 SE O BT & E i §H AT
HZENTE D,

(*18) TN T TOHE (2 —2) 25 ROEHHIZIH
XEEZDMEDOZ &,

(*19) B A & U C I 4 13 5k U i 3 4k v
GofEEH, B 1M 1EHOO 1855 TR
Hl7o b, Mi2FEHDREZ2H51E %%,
Z DAL I F G | R FHIEIEHIE S B 5o

F5E TBMEKEREE C 2 ZBAMOIREEMEM
LIZET 3 85ER

18 BHE

SETEAADFLIATFYUF AR E LB
@ [{#&# (Shallower set) ] 37— ¥ IZHEDWTH]
WAV EE Z ONL GO AT ONTHEER
L7co ABTR T CAHEEZWNSRE L [HEM (Deeper
set) | HEZT - LA ITHEFBVEEZ LN
BOWHMHAINITONTHEEL, RTEBEOHIEC
BIL, 14 AL o & £ Mg A 11
FRHERELT, AHTFLITFYFRAENGRE L
7z [%# (Shallower set) ] 3, T CAEHENR L
L 727 (Deeper set) J#:3E, Z L Cl{%&#M (Shallower
set) | L TEM (Deeper set) | EDH AL b,
ZNZFNOEHIETRBMFLRDI-E A7 HIENR%
119 LB BRFOWEIRL N EEZ SNhz, T2,
WSEILFEHIE 2 EA L2 E0RBE b ITo 72, Lol
RS, HFHEAOAMICED ST, HAMIIE, &
D X9 HBEOMAEDEIIB T HEROFIZFIIHR
FrLhoTwiz,

Z 2T, AETREELHE X <513 2 M T —
Bz Tb T\ 5 [%M (Shallower set) ] #3¥ %
MR ELT, F£HOEE, HFCBWTETOREE
B 7 Y E AR OTREVEAYE < 2 BT O W
THML, MR, HEERREEEOWEERIEDS
ZrbZlErHWE LT

EOH BIRAE
1. 1BELNLYDORELTE
RETHWAT—ZE3ETHWAEDLDOLFMETDH
B, EEEFTIZ O W THERLB T 50 P& 18 4F (2006

E) A SR 22 4E (2010 4E) O AERE R O 7 —
Z & e GBI E <A A MIRAR O BRE
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il (BerBBAR L IE) , SRR $hin iR 2 2 fE8HR L,
SRR 1) S A ) 0 o e QR L 3 U C SRR g
WERZHEE L2, 2, KR CAIERM
HARZR S D A 313 Bl % 5 U TR AR O BSEIEOHE
ERESHEHEM L X (35). X (35) I2&oT
ROTMEEBMESHZ D LI, SRR AT
% — M 7% $95H 8 4,000 A D fESE (VPUE) %K
7z (X 36))o & 5ITdLHE 15° B DA iiEE %
M, BTN 1 EXEZSE LT, ARIZ&X
WP T OABEENE, WRESEZENL, REE
B2 RISER B TR L CH B O &KX 83 1 1 (89
S8 4000 #55) M7z 0 ot E S (VPUE) %K
» (X 37), PETHrEbRDZ X (38)).

A=Yy Wiy xNF gy xUP, (35)
VPUE=A/Fx4,000 (36)
u=%2, VPUE,, /a (37)
o2=32 (VPUE, — )’ /a (38)

A FARO WA (1), W AR s B i (kg)
NF @ SR S 5 A R 2, UP 2 AR RE ) Al (F
/kg), F ! &MOMEHEE (K), VPUE : £it0$)
54,000 AR 472 ) O AESAR (1 / 8981 84,000 4%) , p
B X O 1 02472 ) O P, o 1 K XH
OFRFE LN 720 FHSHO G, t1H, sd i A
BISARA, s, 1 RAAERIAR ARG n SR al
#XWo (5ERD) 2o t HoaaHESER (),

S— 1

RETIE) A7 FROFHFTHO LN TV DR -
ST Ta—F W ranz NER P o7 454
TaEBELL, HEEHESFEITYM R X0
WA L7 HETHRTEMRCTE LML RINT 52
L&, g SEDS M RFEE) KoL 2
B THRTOMRDO Y% M 5 2 & TRE
WO RIS ELDTIE VI EE R, 22
TIE & X W > VPUE DR 554 % LB A & ARE L
EEME GHEEE) 225 OA F 7213 1 AT % 12
Heff7E & L CHBOMREIE 2R 72 %

ZIT, XMW TOHFE 1 MoMESEE (VPUE)
X EEL, X (38 oRDIguk e EICHEL
TR EE o LT AL, FXETORZE 1 MOk
S (X) A p & LD HESRE 50%, 25 X T O #E
1 oEMESHE (X) 25 po & E a5 %1% 84.13%,
FIX W TORIE 1 MOWWESH (X) 5 p2o & LS
MEHRIZ 97.72% L IETE S (Fig. 56)c S 53O0
iz HWT I MEES72 ) OFIE (B 2R 5L 7.
%8B, u3c TIREFLE L LXMW N 2720, 0
REIZOWTIRITD LD o720 S 5ITHRE L ok
G (X) A p+20 = T B REFRIX 97.72%, n+3c &
Tl 31 99.87% L I ET X % (Fig. 57)o 20 2
DOfli% VT 1S 72 ) OFIE Ry ZREL
720

u<X & 7 BHEER L p=50% (39a)
p-0<X & 72 BHER L p=84.13% (39b)

u-20<X & 7 HHEHR 1 p=97.72% (39¢)

A

Accumulatiwn probabality
af this sstaon
o7.T2%

2
hecumulation probalnlity
ol thiz acction

B4 1

=

Acciamiakateon probabliy
of this section
1

—

nwZo po H

The x-axie | A Ishery amodnt of

ey of Fwe TR of operr Elo

Fig. 56. Relations of the distribution of mean in the normal distribution and standard

deviation and the data.
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F

Accumulatson probabality

of this seetion

00 K T%
Accumaulition probabalaty
ol thia sretion
7. 72%

Tha %-axia ;A Rabery amsant of
msey o ang lame of Gieril ke

A
p+20 pt+3o

Fig. 57. Relations 2 of the distribution of mean in the normal distribution and standard

deviation and the data.

X<p+2o & 72 BHEE | p=97.72% (39d)
X<pt+3c & 72 BHER 1 p=99.87% (39)

X & XMW ToRIE 1 M ofiEs4 (VPUE), o 3 (38)
DAERD B RD MR 2, 13X (35) ~ (37) T
HuwzZfogike pidX 37) THwAZKOER
EHLETH A,

2. 1fiuBEY) DRELR

3T LT H DS ELWATIC O W THERLBET %,
A1t 72 0 ofiEE e L, HRNCiKks 274
W 1MHEE 29 H, AHBI121H, 1+ 21 HAET
BAEMH 12 HlilEOBFEEIT ) b O EARE L7z M
AR SANEHE R RN E LT, B, BE1EEOX
XML E ZOXBOMRFRLE LT, ZoMOMHE
MEx BRI = AEIc Lo THINL, ThE 2L Tko
oo COHBEER S LI, HiEMRE % 105knot & LT
FRICLERZARZER L) 2, FiilEHE29 05
52O WL CTEXMTO 1Yz 0 g
H# (%) #FHEL7.

CHUCHRZE 1 N7 ) SR E LT (39) 1R
L7z l, 5Kl CELEE05HO 1 fitl
W7z ) oS E RO (K (40)),

V= x (29 —D/10.5/24) (40a)

oVi=(p, —0)x (29— D/10.5/24) (40b)

26V=(i, — 26)x (29 — D/10.5/24) (40c)
306Vi=(u+20)x (29 — D/10.5/24) (40d)
46V=(u+30)x (29 —D/10.5/24) (40e)

VPR S 2 7 &I 0 1 #4720 D
MG (1), oV @ X SR & R 2= %
WU 7% 72 % X 0 1 ALHEY 72 ) O i 440
(), 20V : P HEERZED 252K 1T
Tz WA X WO 1AL ) ofsESsE (),
3oV | PGB RSO 2 52 Nz /i %
WA XM o 1LY 72 ) oESE (1), 40V ¢
SRS AR O 3R N A Tl V7%
XM 1Y% 7- ) oS (1), D KAEHE
725 & X O i it F COAAEHEE (EE) . t 133 (35)
~ (38) THWZEHOESR, o3k 39 THw7
EROER, pizX Q7)) THWAZEHOERLEFT
Thbo

F 72 3 8 & FRRICHERSE R 1A O S0 B O RS %
WIRE & B\ e & o THXIETO®HIE 1 bl oifs s
% (X) VPUE OHERGANIIEFEEITELD 2L,
SEICMT L3 UL, X (40a) ~ (40c) DEXE D
1 fiifEY 72 0 OIESFHDS V, oV, 26V Oz ZhZ
LW BHERIE, BE1NOBRESE (X) &%
T u<X, p-o<X, p-20<X % ZNF il 729
REEZOLNL, 2HMEOTFIRII Lz >TIND
DR ERDL LT HERANTEREINS,

FZXW O 1LY 720 OWBEEESV % LN b5
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ROFEAMER B 1 MORBESE (X) PEHET
Bl p % LB RO FEARER)

u<Xk 7R HMHER p=50% (41a)
X<pl B3R p=1-50% (41b)
BN 0 29 H — D/10.5knot/24 (41c)

PV — (2971)/10.5/24) 05

(29713/10.5/24)(1 —0.5)°
29— D/10.5/24 ’

(41d)

PV ! &IXW D 1fitiE47- ) OfiELFHD V % Ln
5$%®%$%$J)uﬁ(m)fﬁw:wﬁmﬁﬁ,
X (39) THWAZ¥owsk, nidkl 37) TH
SEROEFREF L TH D,
%Eﬁ®1m@éfb®@ﬁ Hh oV % b5
ROFEMER RE 1L NOWESHE (X) BEEHRET
Il p-o & L0 % G OFEARESR)

L—0 < X7 BHHER  p=84.13% (42a)
X<pu—ok MR p=1-84.13% (42b)
3% 0 29 H — D/10.5knot/24 (42c)

29— D/10.5/24
PoV = (

)0.8413 <297D/10A5/24)(1 —0.8413)°
29— D/10.5/24

(42d)

PoV : %X D 1 #7720 OEEEN oV & L
% HROFAEME, DIZX (40) THOLZEHOE
#, X & oldx (39) THWAZHDER, iz (37)
THWEROERLF L TH 5,

F X O 1LY 72 D) OWESE N 20V & LH S
FROFEAMEE (B 1 NMORESE (X) »EEE
THEA p-20 % _F[0l 2 HROFEAFER)

H—20 <X 7% BHESE | p=97.72% (43a)
X<pu—20k 7% 5HEE  p=1-97.72% (43b)
PR % ;29 H —D/10.5knot/24 (43¢)

772 (297D/10A5/24)(1 _ 0.9772)0

<29 — D/10.5/24>
P26V = 0.9
(43d)

29—D/10.5/24

P26V % XMW D 1 fitif 2472 ) O SHD 26V %
E 2505 EMES, DI (400 THWZHKo

EFE, X & ol (39) THWZZHOESR, n i3 (37)
THOWEROERLF LU TH 5,

FERIZ, X (40d) &KX (40e) o 14720 it
SN 30V, 4oV Ofiz Tl H =R, H¥E 1 HO
HHESH (X) DK CEIE X<u+2o, X<p+3oc &
FnFEnmi-THREEEZONL, WL 2HRED
FEICLZR> TINSDOERZRD D L T5 L KA
THEEN D,

B XMW 1 fit#EY 72 ) OWAEEHH 36V % Tl %
HEOFEME BE1NOMBESE (X) 1EEE
TN p+20 % F W 5 FHROFEARESR)

X <pt2o b 72 BHER © p=97.72% (44a)
nt2o < Xk 72 BHESR © p=1-97.72% (44b)
FESEM% 0 29 H -D/10.5knot/24 (44c)
P3oV = (22:3122@:) 0.9772 (29-DN0524) (1 _ 0.9772)0

(44d)

P3oV @ & XD 1 fiiifEY4 72 ) OHEE&H D 36V %
T2 HSOFEMSR, DIFRX (400 THWZED
7, X & ol (39) THWZZHOESR, n i3 (37)
THWEBOEFRLFA LU TH %,

FXW O 1LY 72 ) OWELSF A 40V = T 5
HEOFEME BE 1RO (X) 1&EEE
TN p+30 % Tl % HROFEAEER)

X < pt3ol 7 HHEHK  p=99.87% (45a)
p3c < X ¥ 72 B T p=1-99.87% (45b)
BEZEME 29 H -D/10.5knot/24 (45¢)

29—D/10.5/24
P4cV

= 0.9987 (297 D/10524(1 — 0.9987)°
29—D/10.5/24

(45d)
P46V @ & IX D 1 M4 72 0 iS4 DS 416V %
T AHLOFEMKER, DX 40) THWZHED
EFR, X & o3 (39) THW-ZHDESR, niZ=R (37)
THOWIEBOERER L TH 5,
3.1 fiBL DS

3L AR ICK XM OERM T TOABEHMHE L,
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T AR B i D 7 — & % FEHE AR AR AL O BRI
B a2 L7z,

PRC, BETRIR2 BN E=EHIEL, 20
PR 1 NCAR 2 PRI O T 7 o U2 4% X ] D 3 453 Il 4K
P UC, 1MHEYU72 D) OERIEITER 2 B R 2
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Fig. 58. Profit per 1 voyage in each division using the mean fishery amount of money.
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Fig. 59. Profit per 1 voyage in each division using the value that reduced standard deviation from a
mean fishery amount of money.
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