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Mathematical and numerical modeling for migration of Plecoglossus altivelis
considering uncertainties
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We developed a new mathematical model for describing fish migration along
1-D rivers or connected graphs based on the optimal control theory. We showed that the derivation of
the migration strategy reduces to finding a solution to a Hamilton-Jacobi-Bellman equation: a
nonlinear degenerate parabolic partial differential equation. We also showed that the equation
admits a viscosity solution and discussed its practical implications. Accurate numerical schemes for
stable computation of the HJB equation has also been developed in the project. In addition,
macroscopic mathematical models for population dynamics of Plecoglossus altivelis (Ayu) in river
environment was established and applied to finding cost-effective management of the fish population.



altivelis)

Plecoglossus

1.
1.
27 28
1.
27 1
1.
2
(
)
1l
28



10

14
Yoshicka H.: Transport phenomena in
surface water bodies: from mathematical,
numerical, application point of views (

), Bulletin of Faculty
of Life and Environmental Science, Shimane
University (

), 2015, Val. 20, pp. 21-27. ( )

, 2016, Vol. 21, pp 23-28. ( )
Yaegashi Y., Yoshioka H., Unami K., and
Fujihara M.: An optima management
strategy for stochastic population dynamics
of released Plecoglossus altivelis in rivers,

International Journal of Modeling,
Simulation, and Scientific Computing, Vol.8,
No.2, 1750039, 16pp. ( )

Yoshioka H. and Y aegashi Y.: Optimization

model to start harvesting in stochastic
aquaculture system, Applied Stochastic
Models in Business and Industry. (in press).
DOI: 10.1002/asmh.2250 ( )

01

B1, 2017, Val.
|_577-1_582. ( )
Yoshioka H., Shira T., and Tagami D.:
Cost-minimizing upstream migration strategy
of isolated and schooling fishes in 1-D open
channd flows, J. JISCE B1, 2017, Vol. 73, No.
4, pp. 1_433-1_438. ( )
Yoshioka H. and Yaegashi Y.: Finding the
optimal opening time of harvesting farmed
fishery resources, Pecific Journa of
Mathematics for Industry, 2016, Vol. 8, No. 6,

6pp. ( )

73, No. 4, pp.

8.

10.

11

12.

13.

14.

Yoshioka H.: Mathematical analysis and
validation of an exactly solvable model for
upstream migration of fish schools in
one-dimensional rivers, Mathematical
Biosciences, 2016, Vol. 281, pp. 139-148.
( )
Yoshioka H., Yaegashi Y., Unami K., and
Fujihara M.: Application of stochastic control
theory to biophysics of fish migration around
a weir equipped with fishways, Theory,
Methodology, Tools and Applications for
Modeling and Simulation of Complex
Systems: Communications in Computer and
Information Science, 2016, Vol. 645 (Zhang
L., et a. Eds), Springer Sciencet+Business
Media Singapore, pp.190-200. ( )
Yaegashi Y., Yoshioka H., Unami K., and
Fujihara M.: Numerical simulation of a
Hamilton-Jacobi-Bellman  equation  for
optimal management strategy of released
Plecoglossus altivelisin river systems, Model
Design and Simulation Analysis
Communications in  Computer  and
Information Science, 2016, Vol. 603 (Chi
SD. and Ohn SY. Eds), Springer
Science+Business Media Singapore,
pp.91-101. ( )
Yaegashi Y., Yoshioka H., Unami K., and
FujiharaM.: Optimal strategies for harvesting
and predator extermination to sustain
Plecoglossus altivelis (Ayu) population in
stochastic river environment, Journa of
Rainwater Catchment Systems, 2016, Vol. 22,
No. 1, pp. 7-13. ( )
Yoshioka H., Yaegashi Y., Unami K., and
Fujihara M.: ldentifying the cost function for
upstream migration of individual fishes in
1-D open channels based on an optima
control theory, B1
( ), 2016, Vol. 60, No. 4, pp.
|_1147-1_1152. ( )
Yoshioka H., Unami K., and Fujihara M.:
Numerical comparison of shalow water
models in multiply connected open channel
networks, Journal of Advanced Simulation in
Science and Engineering, 2015, Vol. 2, No. 2,
pp. 271-291. ( )
Yashioka H., Unami K., and FujiharaM.: A
Petrov-Galerkin finite element scheme for
1-D time-independent
Hamilton-Jacobi-Bellman equations,

A2 ( ), 2015,
Vol. 71, No. 2, pp. |_149-1_160. ( )

26

, , 2017 2 24



20
, , 2017 1
12 pp. 22-25.

20 )
, 2017 1 12 pp.
18-21.

: Mathematical analysis of a primitive
dynamic programming problem for water
reservoirs (

), 28
,2016 12 3 , pp.
36-40.

, 73

,2016 11  16-17
pp. 104-105.

Yoshioka H., Yaegashi H., Unami K.,
Fujihara M.: Optimal installation of overhead
lines with decaying protection effect for fish
from predators, 24

2016 10 29 -10 30
24
, pp. 104-105.
Yaegashi H., Yoshioka H., Unami K.,
Fujihara M.: Optimal installation of overhead
lines preventing piscivorous birds in
stochastic river environment, 24

2016 10 29 -10
30, 24
» PP

100-103.

Yaegashi Y., Yoshioka H., Unami K., and
Fujihara M.: A stochastic control model for
optimal management strategy of released
Plecoglossus altivelis in river environment
based on a pure death process, AsiaSim/SCS
Autumn Sim 2016, October 8-11, 2016,
Beijing, China, Proceedings p. 76.

Yoshioka H., Yaegashi Y., Unami K., and
Fujihara M.: Application of stochastic control
theory to biophysics of fish migration around
aweir equipped with fishways, AsiaSim/SCS
Autumn Sim 2016, October 8-11, 2016,
Beijing, China, Proceedings p. 76. (

Springer CCISVol. 645 )

10.

11

12.

13.

14.

15.

16.

17.

18.

2016 )
2006 9 1517
28
( )
, 28
, 2016 9 12 -14
, pp. 176-177.
1 28 ’
, 2016
9 12 -14 pp.
174-175.

Yaegashi Y._Yoshioka H., Takagi K.,
Unami K., and Fujihara M.: Finite element
solution of a stochastic control model for
optimal population management strategy of
released Plecoglossus altivelis, 21

2006 5 31 -6 2

21 , Paper No. F-4-3, pp. 1-6.
Yoshioka H., Tagami D., Shira T., and
Yaegashi Y.: Mathematical modeling and
numerical analysis of a nonlinear degenerate
elliptic equation for upstream fish migration
in rivers, 21 ,
31 -6

,2016 5
2 21
Paper No. F-4-2, pp. 1-6.
2

2016 4 1112

pp. 13-18.

,2006 3 9 . ( )
27

2016 3 8 .( )



19.

20.

21.

22.

23.

24,

25.

26.

27
,2016 2
26 . ( )
Yaegashi Y., Yoshioka H., Unami K., and
Fujihara M.: Numerical simulation on

optimal countermeasure for feeding damage
by great cormorant to inland fisheries based
on stochastic control theory, AsiaSim2015,
November 4-7, Jgju, Korea. Proceedings of
AsiaSim2015, pp.46-53. ( )
Yoshioka H. and Shirai T.: On analytica
viscosity solution to a 1-D
Hamilton-Jacobi-Bellman  equation  for
upstream migration of individual fishes in
rivers, EMAC2015, December 6 - 9,
Adelaide, Australia. Proceedings, p.52.
Yoshioka H., Yaegashi Y., Unami K., and
Fujihara M.: Stochastic control of fishery
resources using dynamical models for local
behaviour and global population (

)
,2005 9 27 -10 1 ,
No. 2028, pp. 134-147.
72
, 2015 11 19 pp.
116-117.
Yoshioka H., Yaegashi Y., Unami K., and

Fujihara M.: Optimal migration strategy of
individua fishes to minimize the swimming
cost based on amonomial function (

), 23
2015 10 31
-2 2, 23
» pp.
127-128.
1
2015 ,2015 9 9
-11 pp. 194-195.
(A conforming finite element
scheme for Hamilton-Jacobi-Bellman

equations defined on connected graphs),
20 H 1
2005 6 8 -10

20 , Paper No. F-9-3, pp. 1-6.

0
o
o
(
) 8 ,p.8, 2015
7 1
1
2016 2
, (
9 ,pT.
( )1
, Val. 45, No. 7, pp. 385-388, 2016.
,2016 7 23
@
YOSHIOKA, HIDEKAZU
70752161
@
®

19



