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Green-up Constraints
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Decision variable matrix

Volume flow matrix

o

X

m,1

Coefficient matrix

(’1,1

C

m,1

vi_,l

xl,T

iIjm,T

C1,T

Cm,T

vl,T

Im m,T

X

C. .

2¥)

0]

v.

2¥)

Definition of variables & others
with Single Harvest

1 if the ¢-th unit is harvested at period j

0 otherwise

. coefficient of z,

: volume flow from z, . at period 7



0-1 Integer Programming Formulation

Max PNV

/= maxtr ZZCU y

i=1 j=1
St.
X1,<1  Land Accounting Constraints
1-ap, <v"2Y <(1+ap, j=1---T
where Harvest Flow Constraints

vVand £ are the j-th column vector of V and X, respectively

+ Adjacency Constraints

Note: trace of a square matrix is the summation of diagonal elements

CLM e al’n

1=1




Adjacent Relationship

Adjacency List
1,2,3

2,1,3

Adjacency Matrix

011
101
110




Adjacency Constraints
Adjacency Matrix —wsss=) Adjacency Constraints

Define: Yoshimoto & Brodie (1994) Can J. For Res
z'/ :a j-th column vector of X
A :an (m xm) adjacency matrix
NB . a set of units adjacent to the ¢-th unit
Setting the following:
m =A-1 : summation of row elements of A
M = A + diag(m, )

1 if j € NB
" o if j ¢ NB

M-a:mgmo for 7 =1,....,T




Spatial Constraints
Spatial Adjacency Constraints







Adjacency Problem with Single Harvest
Max PNV

/= maxtr ZZC” y

St.
X1, <1 Land Accounting Constraints
(1—ap, <oz <(1+a), j=1-T
Harvest Flow Constraints
[A+diag(A-1 )]V <A1, Vj
Adjacency Constraints

1 if the ¢-th unit is harvested at j-th period

" 0 otherwise

&
|



Spatial Adjacency Problem
with Multiple Harvests




Definition of variables & others

Decision variable matrix

xl,l SULn

x oo x

m,1 m,n

x, portion of the j-th treatment is implemented for the ¢-th unit

Coefficient matrix

Cp e €
c=| : . ¢, « coefficient of
Cm,l o Cm,n
Volume flow matrix at period p
p p
Ul,l vl,n
V= - v;. s volume flow from z
v’ v”
1.m m,n




0-1 Integer Programming Formulation

Max PNV

/= maxtr CX chm y

=1 j=1

St.
X1 <1 Land Accounting Constraints
(I-a)y, <t(VX)<(1+a), p=1-.T

Harvest Flow Constraints

1 if the j-th treatment is implemented for the ¢-th unit

) 0 otherwise

+ Adjacency Constraints



Adjacency Constraints
for Model | type Decision Variables

Introduce:
Two types of adjacency for a decision variable matrix

1. Spatial Adjacency to consider spatial
allocation of forest units | 4°

2. Activity Adjacency to consider concurrent
treatments AV




Spatial Adjacency Matrix

1 if the i-th and j-th units are adjacent

0 otherwise

|

S
W)

A’ :(mxm) where a’

I 10 0 0 0 0O

0
1
1

I 00 1 0 00

0
1

r 0o 1 1 0 0

re8. 1 1 1 0 O
1
0O 1 1T 1 O

0

0

0 0 1 1

0
1

1

0
1

0

0 0 1 1 0 1

00 0 0 1 01

00 0 0 1 0 0 1




— . ACtivity Adjacency

" Minimum Rotation: 6 periods

Treatment|Decision| ) -1
Coefficient 1 2 3 4 5 6 7 8 9 10

No. Variable I I

1 Tin | G X 0 0 0 0 0 0 0 o To I

2 Ziy | Cig X 0 0 0 0 0 0 0 ! ol

3 Tis | Cis X 0 0 0 0 0 0 0 : ol

4 Lig Cia X 0 0 0 0 0 0 0 10 I

[ 5 Zis Cis X 0 0 0 0 0 0 0 0 |
6 Zig | Cis 0 X 0 0 0 0 0 0 o Jo I

7 iz | G 0 X 0 0 0 0 0 o lo I

8 Tig Cig 0 X 0 0 0 0 0 0 Iy I

[ 9 T;g Cig 0 X 0 0 0 0 0 0 0 I|
g 10 | Zio | G 0 0 X 0 0 0 0 0 0 ; ol
E 11 Tinn | Gn 0 0 X 0 0 0 0 0 ol
'

[12 xi,12 Ci,12 0 0 X 0 0 0 0 0 0 X :]
13 i3 Cis 0 0 0 X 0 0 0 0 0o Jo .
—

[14 Lita | Cia 0 0 0 X 0 0 0 0 o ljx I]
15 Liis | Cis 0 0 0 0 E] 0 0 0 o Io I
16 Zi16 Ci6 0 0 0 0 0 0 0 0 l 0|
17| Tiar | G 0 0 0 0 0 0 0 0 | ol
18 | Tizs | Gis 0 0 0 0 0 0 0 0 : ol
19 Lizg | Ciro 0 0 0 0 0 0 0 0 1.0 l

[20 Tigg | Ciao 0 0 0 0 0 0 0 0 0 @tl

Note: X denotes harvesting while 0 denotes no harvesting



1 0000 O0O0
00 0 0 01
00 0 0O

0 0 0 0

01 00 00 O0 1

1100 0 0 0O0O00O0
10000 O0O0OT10P0

111000 0 0O0OO0O0O0OO0O
11000 O0O0O0OO0OT1O0O®O
101 000O0O0O0O0OT1®O0
001 01 0O0UO0O0O01

1 if the ¢-th and j-th treatments are concurrent
o001 0O01O0T1TO0O0O0O0O01

0 otherwise
1 001 001 O0O0OO0OO0OO0OO0OO0OT1TO0

11110 00O0O0O0OOO0OO0OO0OOOOGO0O®O

1 101000O0O0O0O0OO0OO0OO0OCTI1IUO0®O

1171000 00O0OO0OO0OOO0OO0OT1UO0OUO0®O

v
%]

A" :(n xn) where a’

00 0 0O

0 01 001

000 1 011

00001 1 11

000 0O0O0OO0OO0O0

0001 00O0T1O01

00001 0O0O0OT1T11

00 0 0O0OO0OOOO0OO0OTQO0OO 0

00001 O0O0O0T1TTO0O0T1'1

000 0O0OO0OO0OO0OO0OO0OO0OO0OTO0®O0

00 00O0OO0OO0OOO0OO0OO0OO0OO0OTO0°O®O0

o1 00O0O0OO0OOOO0OO0OO0OO0OO0OO0O®O
oo0100O0O1O0O0O0OO0OO0OO0OOOO0O®O
o001 00O0OT1O0O0OT1UO0O0OO0OO0OO0OQO0O@O0
0oo0001O0O0O0OT1O0O0OT1O0T1O0O0OO0OTGO0O0

1
1 1 1 1

Activity Adjacency Matrix

AV



Adjacency Matrix
for a decision variable matrix
to avoid harvests at adjacent units

Vectorization of a decision matrix to a decision vector

N /
VeC(X ) — (331,1’“°’$1,n’$2,1’”"xzn’“"a:m,1’$m,2"“’xm,n)

15t unit 2nd unit mth unit

where

® : Kronecker product
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Model | type decision variables

Max PNV
4 = mj?xtr ;;cu y
St.
X1 =1 Land Accounting Constraints

(1—a)y, Str(Vp’X)g(l—l—oz)vo, p=12---T
A + diag(m )-vee(X') < A-1 Harvest Flow Constraints
0 — mn

A=A A"

1 if j-th treatment is implemented for the i-th stand

b 0 otherwise



Green-up constraints avoid adjacent harvests
over the green-up period
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Green-up Problem: }E4

Green-up constraints avoid adjacent harvests
over the green-up period

Adjacency constraints hold over the green-up period
Modify Activity Adjacent Matrix to avoid the green-up



— . ACtivity Adjacency

Period . . . .
Minimum Rotation: 6 periods
Treatment |Decision
Coefficient| 1 2 3 4 5 6 7 8 9 10
No. Variable
1 Ziq Cia X 0 0 0 0 0 0 0 0 0
2 Lio Cio X 0 0 0 0 0 3 0 0 0
3 T Cis X 0 0 0 0 0 0 F 0 0
—
4 iy Cia X 0 0 0 0 0 0 0 0
[ 5 Lis Cis X 0 0 0 0 0 0 0 0 m
6 Tig Cis 0 X 0 0 0 0 0 0 0 0
—
7 ;7 Ci7 0 X 0 0 0 0 0 X 0 0
—
8 ;g Cig 0 X 0 0 0 0 0 0 0
[ 9 Tig Cig 0 X 0 0 0 0 0 0 0
Tg 10 | Zio | G 0 0 X 0 0 0 0 0
=
2 11 Tinn | Gn 0 0 X 0 0 0 0 0
[12 Lita | Ciro 0 0 X 0 0 0 0 0
13 Liiz | Gis 0 0 0 X 0 0 0 0
[14 Liza | G 0 0 0 X 0 0 0 0
15 Lits | Cis 0 0 0 0 Ix I 0 0 0
16 Zi16 Ci6 0 0 0 0 0 0 0 0 0
—
17 Lirr | Cixr 0 0 0 0 0 0 X 0 0 0
—
18 Litg | Ciws 0 0 0 0 0 0 0 E 0 0
19 Lizg | Ciro 0 0 0 0 0 0 0 0 E 0
[20 Ty | Ciog 0 0 0 0 0 0 0 0 0 E]

Note: X denotes harvesting while 0 denotes no harvesting



1 Green-up

1 00 0O0O0O
0 0 0 0 01
00 0 0O

0 0 0 0

01 0 0 0 0 0 1

10000 O0O0T1020

1100 0 0 0O0O0O0

101 000O0O0O0O0T1®O0
001 01 0O0O0O0O01

11000 00O0OO0OT1O0®O

11100 0 0 0O0O0O0O0OO0O

o001 0O01O0T1O0O0O0O0O01

1001 0010O0O0O0O0OO0OO0OT1T@®O0

1 if the ¢-th and j-th treatments are concurrent over 1 period
1101 0O0O0O0OO0OO0OO0OOO0OO0OTTUO0OO0

0 otherwise

117 1000O0O0O0OO0OO0OO0OO0OT1UO0OO0O0

1111 000O0O0O0O0OO0OO0OO0OOOOO0O®O
00 0 0O

0 01 001

0 00 1 011

000011 11

000 0O0O0OO0OO0O0

0001 0O0O0T1O01

0o 0001 O0O0O0T1 11

000 0O0OO0OO0OO0OO0OO0OTQO0OTO0

00001 O0O0O0T1TO0OQO0T1'1

000 0O0OO0OOOO0OO0OTO0OTO0UO0®O0

00 00O0OO0OOOOO0OOSOTO0OTO0O®O0

o1 00O0O0OOOOO0OOO0OOOO0®O
o001 00O0O1O0O0OO0OO0OO0OOOOTO0®O
o001 00O0OT1O0OO0OT1UO0O0OOO0OO0OO0OO0
oo00010O0O0OT1O0OO0OT1QO0T1O0O0OO0OTQO0O® 0

1
1 1 11

Activity Adjacency Matrix

Vv

A

:(nxn) where a’

Vv
1

A



Adjacency Matrix

S V S V
aJmA1 . a,l’mA1
A=A° & Alv — : : :
as AV L. CLS AV
m,l 1 m,m 1
where

® : Kronecker product

(mn xmn)



Activity.Adjacency for Green-Up

Period L. H . H
Minimum Rotation: 6 periods

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

No. Variable

4 ™
1 T4 Ci1 X 0 0 0 0 0 0 0 0
S PSS 2 Green-up
2 Lio Cio X 0 0 0 0 X 0 0 0
fﬁ
3 T Cis X 0 0 0 0 0 X 0 0
T
4 iy Cia X 0 0 0 0 0 0 X 0
5 Zis Cis X 0 0 0 0 0 0 0 X
6 Zig Cis 0 rx 0 0 0 0 0 0 0 0
7 T, 7 Cir 0 X 0 0 0 0 0 X 0 0
8 T Cig 0 X 0 0 0 0 0 0 X 0
9 Lig Cig | 0 0 0 0 X
g 10 Zito | CGio 0 0 0 0 0
£

g 11 Tinn | Gn 0 0 0 X 0
12 xi,12 Ci12 0 0 0 0 X
13 Tiiz | Gz 0 0 0 0 0
14 Liza | G 0 0 0 0 X
15 Lits | Cis 0 0 0 0 0
16 Tiws | Cite 0 0 0 0 0
17 Lirr | Cixr 0 D 0 0 0
18 Litg | Ciws 0 0 0 0 0 0 L0 X 0 0
19 Lizg | Ciro 0 0 0 0 0 0 0 0 X 0
20 Liso | Cizo 0 0 0 0 0 0 0 0 0 X

Note: X denotes harvesting while 0 denotes no harvesting
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3 Green-up

\

1111111111 00111110

1 1 100111
1 11 0000
1 10111
1 1 000
1 1 0 0

1

111111110100 111]1
1111 11101000111
1 1111111000000

1111111011111
111111001111
11111000111
1111100000
111101111

111111111010 11111

1 if the ¢-th and j-th treatments are concurrent over 3 periods

0 otherwise

11111111111 0000O0O00O00O0

1111

11111

111111

1111111

11111111

111111111
1111111111
11111111111

0 00O0CO0OI1 111111
0011111111111

01 000000011111

01 1000100000111
01110011001 00011
o1l 111011101 10101]1
ol 111011101101 0011
\0011101110110100011

v
2

:(n xn) where a’
A

Activity Adjacency Matrix

Vv
3

A
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PER10, GUP1

[T R g

Current Period 1 Period 2 Period 3

g Period 4 ! Period 5 l Period 6 l Period 7
‘ Period 8 ‘ Period 9 ‘ Period 10 ‘ After Period 10
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PER10, GUP3

e
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b
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Period 5 Period 6

i
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Period 3 Period 4 Period 5 After Period 5

Bl Uncut Unit
B After Harvest (GUP)
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PER5 GUP2
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PERS GUP3

I uncut Unit
B After GUP
- Harvest

E After Harvest
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Period 10 After Period 10



PER10 GUP2
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PER10 GUP3
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