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Windstorm Prevention Problem



Strip Shelterwood Management
2 cut system




Strip Shelterwood Management
3 cut system




Strip Shelterwood Management Scheme

el G R i s R e R ) S G

progress from windward to leeward



SIS

Hyper Unit and Neighbors

: i-th unit itself, 0 degree adjacency

: neghbors of the 1st degree adjacency for the i-th unit

: neghbors of the 2nd degree adjacency for the i-th unit
: neghbors of the n-th degree adjacency for the i-th unit

. 7-1
NBY : those units adjacent to {{J NB"'}

k=1

M
HU, = |JNB™
k=1



Strip Shelterwood Management Scheme

/
M&f i

4—>4—>4—>4—> > > =

Removal Cut, Establishment Cut, Preparatory Cut

—



Developing Hyper Unit

* Adjacency for Units from windward to leeward

01 0 0 O
0 01 0O
A=|10 0 0 1 O
00 0 01
00 0 0O



Prevention of overlapping by adjacency
HU for 3 cut system




Example for Schelterwood Scheme

Strip

Period Cut
1 2 3 4 5 6 7 8 9 10 11 12 13
1 S
1 2 R S S
3 F R S R S
4 F R S F R S
2 5 F R S F R S
6 F R S F R S
7 F R S F R S
3 8 F R F R
9 F F
S — seeding cut, R — removal cut, F — final cut
Period Cut Strip
1 2 3 4 5 6 7 8 9 10 11 12 13
1 1 S S
2 F S F S S
2 3 F S F S F S
4 F S F S F S
3 5 F S F S F
6 F F

S — seeding cut, F — final cut



Elements of Hyper Unit

2 Cut System

D
HU, = [JNB"
k=1

3 Cut System 7

HU, = [JNB"
k=1



Optimization Problem

* Objective: max # of strips to be treated

e Spatial Constraints
— Avoid overlapping of HUs

— Avoid the same treatment for adjacent units at
the same time (normal adjacency)






5 Strips Connection
2 Cut System
4 strips uncut




6 Strips Connection
5 strips uncut




/ Strips Connection
3 Cut System
11 strips uncut




Aggregation Problem with Spatial Adjacent
Constraints

We assume that one clique is created based on one unit
with certain buffer connection

¥ Base Unit




Steps

a) Create candidate cliques (Hyper Units) for aggregation based on

units, and define decision variable matrix
Introduce two kinds of index sets:

Original Unit Set: u, = {7}
Hyper Unit Set : HU, = {indices combined for clique based on u_}

b) Develop extended land accounting constraints for overlapping
¢) Develop adjacency constraints for H/Us and original units

d) Formulate spatially constrained problem with area restriction

under multiple harvests



a) Create candidate clique
for aggregation based on each unit

Hyper Units :HU = {indices combined for clique based on u,}



Introduce decision variables for HUs

(mxn) 1 if the j-th treatment is implemented for u.
mXmn):r = '
20 otherwise
(mxn) 1 if the j-th treatment is implemented for HU
mXmn):y = '
S0 otherwise

Decision Variable Matrix for HU and u

W = (2m x n)




b) Develop extended land accounting constraints
for overlapping

Ordinal land accounting = Overlapping of treatments




Different Treatments for HU and u are overlapping
over each unit




Introduce Matrix for Overlapping

For overlapping between u. and u

1 ifuiﬂuj—ﬁ@

Y/

A% (mxm) :a? =
0 iful_ﬂujzg

For overlapping between u. and HU],
L ifu N HU], = &
0 ifu N HUj =0

0]

A% (mxm) :aOh—[

Overlapping Matrix for HU and u

A° = (A%, A% : (m x 2m)




Extended Land Accounting Constraints

A% = (A% A% : (m x 2m)

(A0 Q1 Jevec(W')<1,, |

x1,1
u. HU -
) I
{ | il \
1---1 0 ! Y1 1
E iAOh ®1/ ______ S
0 1---1 v, 1
ym,n




Spatial Adjacency for HU and u




¢) Develop Adjacency Constraints
for HU and u

Hyper Units :HU = {indices combined for clique based on u_}

+

NB, = {index set of units adjacent to the i-th unit}

¥

Spatial Adjacency for HU and u

__________________ - (2m x 2m)

i —— -




adjacency constraints for HU and u

Spatial Adjacency for HU and u

AS — ___le_l__;i _____ u-HU (2m X 2m)

Au—HU (: A;U—u )

,1 ifu € U NBk and u "HU =
w-HU ’ ! J

Au - . a}ij — kGHUj
0 otherwise
1 ifHU N | J NB, = @ and HU, NHU =&

A g = "o Z ’

U-HU ° 74,j o g

0 otherwise



Adjacency Constraints for HU & u

A — AS X AV (2mn x 2mn)

W = (2m x n)




Summarize:

Definition of Decision variable Matrix
Decision variable matrix

W = [)Y(] X for a set of {u_}, Y for a set of {HU _}

B 1 if the j-th treatment is implemented for u.
Y T 1() otherwise

B 1 if the j-th treatment is implemented for HU
Jii T 10 otherwise



Definition of Coefficient Matrix

Coetticient matrix

C
5] (2m xn)

C, | . coefficient of T, C o coefficient of Y.,

~

C

o : reward rate

O
g
+
2

M
Ky



Definition of Volume Matrix

Volume flow matrix at period p

p
vl,l vl,n
b p
~ Vp Ul,m vm,n
V = e B e ———— (2m X n)
p V T —p
p LT 1n
4 P
1,m vm,n




d) Formulation with area restriction under

multiple harvests
Max PNV

7 = max tr(C ZZ C.'Y.,)

=1 j=1

st.
(A° ®1)evec(W') <1 Extended Land Accounting Constraints
(1—-a)y, < tr(Vp’W) <(l+a)p, p=12--T
Harvest Flow Constraints
[[1 dlag(A -1 )] vec(W') < A -1

~

A=A"®A" Adjacency Constraints



