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The frame 

List of 

supply 

List of 

demand 

disperse small supply &  

concentrated big demand 

4 main assortments (spruce, pine)  

about 3 Mio. m³ (2010-2016)   

The annual demand of customers  

is fixed by contracts with deliveries  

in time slots. 

optimal distribution of a   

main assortment by solving 

the Transportation Problem 
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Open questions 

• When and at which locations should the harvesting and 

transportation capacities to be planned for? *) 

• When, where and how much should be harvested in order 

to satisfy customers demand for specific time slots? 

*) Rönnqvist, M., D’Amours, S., Weintraub, A., Jofre, A., Gunn, E., Haight, R.G., Martell, M., Murray, A.T., 

Romero, C. 2016.  

Operations Research challenges: 33 open problems.  

Annals of Operations Research 232: 11–40. 

• What environmental conditions and operational costs need to 

be considered during the year for all harvesting activities? *) 

• Which harvesting sequence will be best suited for the 

available harvesting machinery? *) 
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Example 

supply (green circles) 

• 525,550 m³  

• 168 forest districts (4001 to 

4168) 

• Mean harvest volume 3,125 m³ 

(1,967 m³) 

demand – supply = 125,450 m³. 

sink (no.) demand (m³)

1001 120,000

1002 300,000

1003 50,000

1004 80,000

1005 100,000

sum 650,000

demand (squares) 
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Part 1 The optimal distribution 

demand supply diff. truckloads

sink (m³) (m³) (m³) (25 m³)

1001 120,000 115,750 -4,250 4,630

1002 300,000 201,450 -98,550 8,058

1003 50,000 46,300 -3,700 1,852

1004 80,000 69,450 -10,550 2,778

1005 100,000 92,600 -7,400 3,704

650,000 525,550 -124,450 21,022

x = (xij) 

 

s1001 = {xij|  xij > 0  j = 1001, 

               i  sources, j  sinks } 
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Part 2 Demand in time slots 

      demand in quarterly time slots

  (truckloads à 25 m³)

sink Q1 Q2 Q3 Q4 Sum

1001 1,157 1,157 1,157 1,157 4,628

1002 3,223 3,223 1,612 0 8,058

1003 555 555 555 185 1,850

1004 556 556 833 833 2,778

1005 741 1,111 1,111 741 3,704

Sum 6,232 6,602 5,268 2,916 21,018

(1) Building harvest groups and combine 

groups to satisfy the quarterly demand. 

(2) Select districts with respect to the 

quarterly harvest conditions with minimal 

environmental impact.  
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Harvest conditions as costs  

‘ soil + mm = harvest costs ‘ 

     quarterly harvest costs

region Q1 Q2 Q3 Q4

Lowland 0 1 1 0

Hills 1 0 1 0

Mountain 1 0 0 2

harvest costs: low (0), medium (1), high (2)
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Part 2 Quarterly demand and harvesting 

s1001 = {xij|  xij > 0  j = 1001, i  sources, j  sinks } 

y y y y y y y y

1 Q1 1 Q2 1 Q3 1 Q4 … 38 Q1 38 Q2 38 Q3 38 Q4

1 1 1 1 = s1
=

1 1 1 1 = s38
1 1 = d Q1

1 … 1 = d Q2

1 1 = d Q3

1 1 = d Q4

   z = c c c c … c c c c  Min

1 Q1 1 Q2 1 Q3 1 Q4 38 Q1 38 Q2 38 Q3 38 Q4

Q1 Q2 

Q3 Q4 

     quarterly harvest costs

region Q1 Q2 Q3 Q4

Lowland 0 1 1 0

Hills 1 0 1 0

Mountain 1 0 0 2

harvest costs: low (0), medium (1), high (2)
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Part 3 Integrating harvest and transport 

week

district 1 2 3 4 5 6 7 8 9 10 11 12 13

4157 32 32 32 32 10

4156 22 32 25

4142 7 32 32 1

4139 30 31 32 32

4144 2 32 32 26

4074 6 32 20

4055 12 32 32 32 32 32 2

4054 29 30

4053 3 32 32 32 32 32 32 32 32 32 25

4060 7 32 5

Units: 

truckloads 

(à 25 m³) 
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Rolling Wave Planning 

detailed economic planning period (year)

planning month 1 2 3 4 5 6 7 8 9 10 11 12

high 1

2

3

low 4

5

6

… … … … … … …



…is a period-oriented*) planning form. After a certain time interval, 

an already existing plan is updated, concretised and revised. 

*) period: quarter, month or 1-2 weeks 

• The optimal distribution is the master plan until unpredictable events 

occur (beetles, storm …) 

• The shorter the time to the next period, the better the estimates of 

the harvest conditions. 
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Problems: 

• Hypothesis : ‘soil + mm = harvest costs‘ 

Conclusions 

The presented linear programs in combination with the 

Rolling Wave Planning are answers to the open questions: 

 

• satisfying customers demand in time slots with minimal 

transport distances 

• minimal environmental impact  

• a suitable harvest sequence  

• weekly planning of harvest and transportation capacities 

• different harvest methods 

• different assortments 
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