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Figure 1. Forest Area
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Figure 2.  Timber Consumption
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Figure 3. Cumulative Net Present Value
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Figure 3a. Cumulative Net Present Value (components) – Carbon Flow Method
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                                                               ( Pc=Pss; Theta=0.5 )
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Figure 3b. Cumulative Net Present Value (components) – Carbon Flow Method
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Figure 3c. Cumulative Net Present Value (components) – Carbon Flow Method
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Figure 3d. Cumulative Net Present Value (components) – Ton-Year Method
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Figure 3e. Cumulative Net Present Value (components) – Average Storage Method
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Pc_Pss Pc_2Pss Pc_6Pss Pc_Pss Pc_2Pss Pc_6Pss

Forested area (1 − y�) 0,9358 0,93783 0,93945 0,94616 Forested area (1 − y�) 0,9358 0,94286 0,94864 0,96395

Optimal rotation 19 19 19 21 Optimal rotation 19 19 19 19

Area by age xs,� 0,04925 0,04936 0,04944 0,0451 Area by age xs,� 0,04925 0,049623 0,049928 0,050736

Price of timber 0,4368 0,4365 0,4363 0,43003 Price of timber 0,4368 0,43582 0,43504 0,43336

Unit cost of land W'(y�) 4,4971 4,6143 4,713 5,18 Unit cost of land W'(y�) 4,4971 4,9363 5,3763 7,136

Timber Consumption 15,814 15,848 15,875 16,67 Timber Consumption 15,814 15,933 16,029 16,237

Net Cumulative Biomass Carbon 0 9,279 16,932 909,93 Net Cumulative Biomass Carbon 0 31,308 56,899 124,42

0 0,5 1 0 0,5 1

Forested area (1 − y�) 0,9358 0,94177 0,94767 0,95252 Forested area (1 − y�) 0,9358 0,94748 0,95666 0,96333

Optimal rotation 19 20 20 20 Optimal rotation 19 21 21 20

Area by age xs,� 0,04925 0,04709 0,04738 0,04762 Area by age xs,� 0,04925 0,045119 0,045554 0,048156

Price of timber 0,4368 0,43288 0,43207 0,43143 Price of timber 0,4368 0,42985 0,42853 0,42984

Unit cost of land W'(y�) 4,4971 4,8631 5,2964 5,7252 Unit cost of land W'(y�) 4,4971 5,2831 6,1578 7,0389

Timber Consumption 15,814 16,297 16,399 16,481 Timber Consumption 15,814 16,683 16,854 16,684

Net Cumulative Biomass Carbon 0 451,19 473,85 484,41 Net Cumulative Biomass Carbon 0 916,74 953,72 575,47

0 0,5 1 0 0,5 1

Forested area (1 − y�) 0,9358 0,95694 0,96851 0,97582 Forested area (1 − y�) 0,9358 0,96439 0,97573 0,98218

Optimal rotation 19 23 21 21 Optimal rotation 19 24 22 21

Area by age xs,� 0,04925 0,04161 0,04612 0,04647 Area by age xs,� 0,04925 0,04 0,044348 0,046766

Price of timber 0,4368 0,42758 0,42742 0,42726 Price of timber 0,4368 0,4273 0,42524 0,42344

Unit cost of land W'(y�) 4,4971 6,1898 7,9521 9,8215 Unit cost of land W'(y�) 4,4971 7,2058 9,7921 12,541

Timber Consumption 15,814 16,98 17,002 17,022 Timber Consumption 15,814 17,031 17,294 17,54

Net Cumulative Biomass Carbon 0 1807,9 1054,3 1082,7 Net Cumulative Biomass Carbon 0 2293,3 1540,3 1127,1

*These values are obtained after 300 iterations *These values are obtained after 500 iterations

The Net Cumulative Biomass Carbon is calculated as the sum of the yearly sequestered biomass carbon above the one resulting from the baseline scenario(no 

carbon benefits). The considered time horizon is of 200 years.

Pc=4Pss* Pc=6Pss*

� �No carbon 

benefits

No carbon 

benefits

Pc=Pss Pc=2Pss

� �No carbon 

benefits

No carbon 

benefits

Ton-Year Average

Carbon Flow

No carbon 

benefits

No carbon 

benefits

Table 1. Simulation Results
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v i forest area rotation v i forest area rotation v i forest area rotation

Carbon Flow 226,3744 0,94177 20 Carbon Flow 240,2064 0,94767 20 Carbon Flow 254,0965 0,95252 20

Ton-year 226,2331 0,93783 19 Ton-year 240,0632 0,93783 19 Ton-year 253,8933 0,93783 19

Average 226,2407 0,94286 19 Average 240,111 0,94286 19 Average 253,9813 0,94286 19

Ton-year Average Ton-year Average Ton-year Average

-0,06% -0,06% -0,06% -0,04% -0,08% -0,05%

v i forest area rotation v i forest area rotation v i forest area rotation

Carbon Flow 227,6339 0,94748 21 Carbon Flow 255,2039 0,95666 21 Carbon Flow 282,998 0,96333 20

Ton-year 226,2678 0,93945 19 Ton-year 253,9539 0,93945 19 Ton-year 281,64 0,93945 19

Average 226,2992 0,94864 19 Average 254,1353 0,94864 19 Average 281,9713 0,94864 19

Ton-year Average Ton-year Average Ton-year Average

-0,60% -0,59% -0,49% -0,42% -0,48% -0,36%

v i forest area rotation v i forest area rotation v i forest area rotation

Carbon Flow 240,1809 0,96439 24 Carbon Flow 319,9694 0,97573 22 Carbon Flow 402,9598 0,98218 21

Ton-year 234,4237 0,94616 21 Ton-year 316,7785 0,94616 21 Ton-year 399,1327 0,94616 21

Average 226,8387 0,96395 19 Average 311,1256 0,96395 19 Average 395,4119 0,96395 19

Ton-year Average Ton-year Average Ton-year Average

-2,40% -5,56% -1,00% -2,76% -0,95% -1,87%

-1,82%

* The welfare values obtained for the ton-year and average storage method are calculated using the carbon flow accounting to obtain the benefits of the 

internalization of the carbon externality (S).

-2,96% -1,18%
��������	��	 
 ��������

	��	 �� 
��������	��	 ��
-3,60%

��������	��	 
 ��������

	��	 ��
��������	��	 ��
-1,82% -0,04%

��������	��	 
 ��������

	��	 ��
��������	��	 ��

Deviations from optimal solution Deviations from optimal solution Deviations from optimal solution

Welfare Loss               

[(v i -v cf )/v cf ]

Welfare Loss               

[(v i -v cf )/v cf ]

Welfare Loss               

[(v i -v cf )/v cf ]

-1,47%

Pc=6Pss
�=0 �=0,5 �=1

-1,72% -0,80%
��������	��	 
 ��������

	��	 �� 
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-2,39%
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-0,80% 0,12%
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 ��������
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Deviations from optimal solution Deviations from optimal solution Deviations from optimal solution

Welfare Loss               

[(v i -v cf )/v cf ]

Welfare Loss               

[(v i -v cf )/v cf ]

Welfare Loss               

[(v i -v cf )/v cf ]

-0,97%

Pc=2Pss
�=0 �=0,5 �=1

-0,98% -0,48%
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-0,39% 0,11%

��������	��	 
 ��������

	��	 ��
��������	��	 ��

Deviations from optimal solution Deviations from optimal solution Deviations from optimal solution

Welfare Loss               

[(v i -v cf )/v cf ]

Welfare Loss               

[(v i -v cf )/v cf ]

Welfare Loss               

[(v i -v cf )/v cf ]

Pc=Pss
�=0 �=0,5 �=1

Table 2.  Welfare deviations: Ton-year vs Carbon Flow / Average Storage vs Carbon Flow
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