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Arimizu T. Regulation of the cut by dynamic programming. J Oper Res Soc
Jpn. 1958;1(4):175-82.

Table 1.-Change in Optimization Approach over Years+

Years - DP - NLP - Heuristic - Growth-Model - Distance Type - Stand-Type -
| 1950s ~ Arimizu (1958) - - Whole - Independent - Even-aged -}
1960s - Amidon & -Akin-(1968) - - Whole - Independent - Even-aged -

Kilkki-& Viisdnen(1969) - - Whole - Independent - Even-aged -

1970s - Schreuder-(1971) - , - Whole - Independent - Even-aged -
SR Adams-& -Ek (1974) - - Apge/stage-structured -models - Independent -+ Uneven-aged :

- Brodie-et-al.-(1978) - : - Whole - Independent - Even-aged -

- Brodie-& Kao-(1979) - : - Whole - Independent - Even-aged -

Kao-&-Brodie-(1979) - - Whole - Independent -  Even-aged -
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Years DP NLP Heunstic

Growth Model Distance Type  Stand Type

1980s - Chen-et-al.(1980) - - .- Whole -

4

4

Kluyver-et-al.-(1980) -
Martin-& -Ek-(1981) -
Riitters-et-al.-(1982) -
Brodie-& -Haight-(1985) -

]

]

Haight-etal..(1985)b -

4

-

-

-

Paredes -& ‘Brodie-(1987) -
Valsta-& Brodie(1987) -
Arthaud & Klemperer-(1988) -

Kao-& Brodie-(1980) -

Haight (1985) -
Haight-et-al.-(1985)a -
Roise (1986)a -
Roise (1986)b -
Haight (1987) -

-

Whole -
Whole -
Individual -

Age/stage-structured-models -

Whole -

Age/stage-structured-models -
Age/stage-structured -models -

Individual -
Whole - -
Whole -
Individual -

Age/stage-structured -models -

Whole -

Distribution-template-model -

Individual -

Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -

Even-aged -
Even-aged -
Even-aged -
Even-aged -
Even-aged -
Even-aged -
Even-aged -
Uneven-aged
Uneven-aged
Even-aged -
Even-aged -
Even-aged -
Uneven-aged -
Even-aged -
Even-aged -
Even-aged -

R Valsta-(1988) - .- Whole - Independent - Even-aged -
»  Yoshimoto-et-al.-(1988) - - . Individual - Independent - I-Even-aged -]
1990s - - Valsta-(1990) - Valsta(1990) - Whole - Independent - Even-aged -

-

-

]

Haight (1990) -
Haight & Monserud-(1990) -

-

Age/stage-structured-models -

Individual -

Independent -
Independent -

Uneven-aged
Even-aged -

+  Torres-& -Brodie(1990) - - - Whole - Independent - Even-aged -
+__Yoshimoto-et-al..(1990) - - 2 Individual - Independent -+ Even-aged .-l
+ Filius-& -Dul(1992) - - .- Whole - Independent - Even-aged -
SR Haight-et-al.-(1992) - 2 Whole - - Independent - Even-aged -

-

4

Anderson-& Bare-(1994) -

Valsta (1992) -
Valsta (1993) -

-

Individual -
Individual -
Individual -

Independent -
Independent -
Independent -

Even-aged -
Even-aged -
Uneven-aged +

R Eriksson(1994) - Eriksson-(1994) - Whole - Independent - Even-aged -
+  Stihlet-al.-(1994) - - , Whole - Independent - Even-aged -
R Miina-(1996) - .- Individual - Dependent - Even-aged -
»  Brukas & -Brodie-(1999) - - , Whole - Independent - Even-aged -

-

Vettenranta & -Miina-(1999) -

-

Individual -

Dependent -

Even-aged -
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Years DP

Heunstic

Growth Model

Distance Type  Stand Type

2000s » -

Bettinger-et-al.-(2005) -

-

Miina-& ‘Pukkala(2000) -
Moykkynen-et-al.-(2000) -
Rautiainen et-al.-(2000) -
Wikstrom-&-Eriksson-(2000) -

-

4
-
-

-

Wikstrom-(2001) -

Hyytidinen-& Tahvonen-(2002) - -

Palahia & Pukkala-(2003) -
Hyytidinen-et-al.(2004) -

4

4

Trasobares-and-Pukkala-(2004) - -

Hyytidinen-et-al.-(2005) -
Pukkala-& Miina(2005) -

Diaz-Balteiro-& -Rodriguez-(2006) -

Graetz-et-al. (2007) -

-

Hyytidinen-et-al.-(2006) -
Koskela-et-al.-(2007)a -
Koskela-et-al.-(2007)b -

Pasalodos-Tato-& Pukkala(2007) - -

Individual -
Individual -
Individual -
Individual -
Individual -
Whole -

Individual -
Individual -
Individual -
Individual -
Individual -
Individual -
Individual -
Individual -
Individual -
Individual -
Individual -
Whole -

Dependent -

Dependent -

Independent -
Dependent -

Dependent -

Dependent -

Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Independent -

Even-aged -
Even-aged -
Even-aged -
Even-aged -
Mixed -

Even-aged -
Even-aged -
Even-aged -

Uneven-aged

Uneven-aged -
Even-aged -
Even-aged -
Even-aged -
Even-aged -
Even-aged -
Even-aged -
Even-aged -
Even-aged -

-

Yoshimoto-&-Marusak-(2007) -

-

Whole -

Independent -

Even-aged -|

-

-

Pukkala-(2009) -

Individual -

Independent -

Even-aged -

2010s - =

B

Asante-etal..(2011) -
Ribeiro-et-al.-(2012) -

-

Pukkala-et-al.-(2010) -
Tahvonen-et-al.-(2010) -

-

Tahvonen-(2011) -
Pukkala-et-al.(2012) -
Bayat-et-al.-(2013) -
de-Miguel-et-al..(2014) -
Pukkala-et-al.(2014) -
Rémé-& Tahvonen(2014) -

-

4

Individual -
Individual -
Whole -

Chikumbo-& Nicholas-(2011) - Whole -

4

-

Moriguchi-et-al.-(2015) -

Individual -
Individual -
Individual -
Individual -
Individual -
Individual -
Individual -
Whole -

Independent -
Independent -
Independent -
Independent -
Independent -
Independent -
Dependent -
Independent
Independent -
Independent
Independent -

[N

-

Independent -

Uneven-aged

Uneven-aged -
Even-aged -
Even-aged -

Uneven-aged

Uneven-aged
Even-aged -

Uneven-aged

Even-aged -
Even-aged -
Even-aged -
Even-aged -

Cited from: Yoshimoto et al. (2018) Stand-Level Forest Management Planning Approache, Curr. Forestry Rep.
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Curr Forestry Rep (2016) 2:163-176 @ﬂ'ﬁﬁhﬁﬂ:
DOIL 101007 /540725-016-004 1-0

INTEGRATING FORESTRY IN LAND USE PLANNING (P BETTINGER, SECTION EDITOR)

Stand-Level Forest Management Planning Approaches

Atsushi Yoshimoto! + Patrick Asante® - Masashi Konoshima®

General Formulation: Optimal Control -> Dynamic Programming

t

max J = | " I(x(t),u(t))dt

{u(t)} f
subject to
x(t) = f(x(t),u(t))
x(t,)=x,
2021/12/24 Rescarch Organization o Information and Systs T
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Carbon issue -> VaIue-Addd |

Timber Products

Carbon Value

Organization of Information and Systems

of Statistical Mathematics Ii



Evaluate carbon under the current sub5|dy
policy for thinning activities in Japan

Payment for Ecosystem Services (PES) ?

Yoshimoto A, Marusak R. Evaluation of carbon sequestration and
thinning regimes within the optimization framework for forest stand
management. Eur J For Res. 2007;126(2):315-209.
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if thinned by 10 to 20% of trees.
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Under the ordinary subsidy (15 - 35 yr)
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Under the emergency subsidy (15 - 45 yr)
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Under the extended subsidy (15 - 90 yr)
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Under the current subsidy (15 - 35 years)
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20%0 or more of the current subsidy level
results in the same thinning regime
without any change in carbon storage!
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M par.stmd Al

HESER BiEER i4
1 0.069 0449  6.560
- 2 1348 1936 1.436
3 2658.200  262639.800  98.804
4 2815 6.325  2.247
5 0.791 0204 0257
HaERE 6 0.244 0.027  0.110
1 0.354 0011 0.030
8 0.049 0.000008  0.000
EYREEe 9 0.035 0.144 4128
10 0.989 0298  0.301
13 111.147 110367 0993
#ERE 14 1.821 7824 1.000
15 0435 0436  1.003
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o Nz EEE EHEEE N BHMIE BMIE
(%) (m) (ecm) (&K/ha) (m*/ha) (m®/Z)
15 12.8 9.6 2605 252 0.10
20 15.7 13.4 1991 364 0.18
25 18.3 17.3 1543 464 0.30
30 20.6 213 1218 550 0.45
35 225 252 980 625 0.64
40 243 29.2 808 688 0.85
45 2538 329 682 743 1.09
50 271 36.8 591 791 1.34
55 28.2 40.2 524 834 1.59
60 291 43.3 475 870 1.83
65 299 46.0 440 905 2.06
70 30.6 48.4 414 934 2.26
75 31.2 50.4 395 960 2.43
80 31.7 52.2 382 985 2.58
85 32.2 53.7 372 1,006 2.70
90 32.5 54.9 365 1,026 2.81
95 32.9 55.8 359 1,042 2.90
100 33.1 56.6 356 1,059 2.97
105 33.3 57.7 353 1,073 3.04
110 335 58.1 351 1,086 3.09
115 33.7 58.7 349 1,096 3.14
120 33.8 59.3 348 1,106 3.18
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# par.stmd A

A RIEER i
1 0.069 0.029 0.423
- 2 1.348 1536 1.140
3 2658.200  180579.800 67.933
4 2815 3813 1.355
5 0.791 0.000 0.000
HaTRE 6 0244 14860950  60902537.580
7 0.354 0.007 0.020
8 0.049 0.000 0.000
EmSERE 9 0.035 0.000 0.000
10 0.989 2801.969 2832.074
13 34.843 35.501 1.019
HERE 14 0.030 0.026 0.867
15 0.999 0.896 0.897
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L
HRBYETE ;% Linear Programming (LP)
 TimberRAM (Navon 1971)

 MUSYC (Johnson and Jones 1979)
* FORPLAN (Johnson et al. 1986)

BB BHETHE ;EMixed Integer Programming

(MIP)
* |RPM (Kirby et al. 1980)
Harvest, Road Network, Transportation

And many
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Table 1: Example of treatments BEElJ :1& /Eﬂ %‘%6 /Eﬂ E‘I‘Eﬁﬂ Fﬁﬁ 1 O,EH
el Johnson & Scheurman, (1977)

Coefficient| 1 2 3 4 5 6 7 8 9 10

Treatment [Decision|
No. Variable

1 Xi,1 G 1

A
g
g
s
g
g
v
b
o
=

A
g
g
g
g
g
g
>
(=)

) 0

@ 0

s 1 ¥ 0

4 Xia | Gia @ <« 0 0 o & & & X 0
@ <« o o o o o 6 —> @

6 Xis | Cis 0 @ 0 0 0 0 0 0 0 0

7 Xi,7 C:,7 0 @ ) 0 0 0 > X 0 0

8 Xig | Cis 0 @ <« 0 o o o o X 0

9 Xio | GCio 0 @ <« 0 6 6 o o o X

g 10 [ X0 | Gio 0 0 @ 0 0 0 0 0 0 0
E 11 Xi 11 Cias 0 0 @ <+ © © © © :@ 0
12 | X2 | G 0 0 @ <+—9 8 9 8 8 9 X

13 | Xz | Gas 0 0 0 @ 0 0 0 0 0 0

14 | Xiga | Ga 0 0 0 @ <+ o 9 8 o—(X

15 | Xis | Gits 0 0 0 0 @ 0 0 0 0 0

16 Xi,16 Ci,16 0 0 0 0 0 @ 0 0 0 0

17 Xi,17 Ci,17 0 0 0 0 0 0 @ 0 0 0

18 Xi,18 Ci,18 0 0 0 0 0 0 0 @ 0 0

19 | Xit9 | Gito 0 0 0 0 0 0 0 0 @ 0
20 | Xj20 | G 0 0 0 0 0 0 0 0 0 @
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[21 + diag(fl -1 ] vec(X') < A -1 2% = | 55
A=A A"
{z,}=1(0.1)
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Sagwa-cho, Kochi prefecture JAPAN
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462 MUs
Max. Vol.
*Aggregated Area=30ha
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a Yoshimoto et al. Proc. ISM. (210)
Yoshimoto et al. FORMATH (2017)
Aggregation for efficient management of units together
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Yoshimoto and Asante (2018)

Spatial Connection Maximum Flow Constraints
Size Constraints Maximum Size for Clusters

. = 1 if nodes are aggregated into the i-th node toward the super node
"o otherwise
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