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ABSTRACT 

Considering the valuation of forest stands based on revenue from wood sales, concession policy (such as carbon sub- 
sidies) and associated costs, the paper focuses on the stochastic control model to study the forest asset dynamic manage- 
ment. The key contribution is to find the optimal dynamic strategy about harvesting quantity in the continual and multi-
ple periods in conditions of stochastic commodity price and timber growth by using portfolio approach. Finally, an 
analytical optimal strategy is obtained to analyze the quantification relations through which some important conclu-
sions about the optimal forest management can be drawn. 
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1. Introduction 

Forest ecosystem harbors a large potential for carbon 
sequestration and biomass production. When the public 
good benefits of carbon sequestration are considered, the 
cash flows from forest management include not only 
timber value but also carbon subsidies. It is necessary to 
study how the carbon credit payment influences the deci-
sions of forest harvesting.  

Graeme Guthrie and Dinesh Kumareswaran [1] con-
sidered the effect of carbon credit payment schemes on 
forest owners’ harvest decisions by using a real options 
model. They studied two possible payment schemes: one 
where the government rents the carbon sink, in which 
case the carbon credit payment is proportional to the 
current carbon stock and another where the government 
buys the carbon sink, in which case the carbon credit 
payment will be proportional to the change in the carbon. 
They referred to rental scheme as the tree-based carbon 
credit payment scheme but did not give the detail of con-
trast. 

According to this classification, we found an analytical 
optimal dynamic strategy about harvesting quantity in 
conditions of stochastic commodity price and timber grow- 
th under the buying scheme by using portfolio approach 
[2]. In this paper, we will focus on the rental scheme to 

found the strategy about harvesting quantity and compare 
with the tow results to draw some conclusions about the 
selection of carbon subsidies schemes. 

The paper is organized as follows. A portfolio model, 
including carbon sequestration under stochastic wood 
prices and growth, is introduced in Section 2. In Section 
3 we solve the model and obtain the analytical optimal 
strategy of the forest asset dynamic management by ap-
plying stochastic control method in portfolio field. Fi-
nally, Section 4 contains some conclusions. 

2. The Stochastic Control Model 

2.1. The Stochastic Prices 

Under stochastic prices, if the harvest is delayed until the 
next period, the owner will face uncertainty over whether 
prices will be higher or lower than the current period. 
According to the geometric Brownian motion, suppose 
the price of timber, P ($/m3), characterized by the fol-
lowing stochastic differential equation: 

1 ,dP Pdt Pd 1                  (1) 

where both the expected percentage growth rate   
(drift term) and the volatility coefficient 1  are exoge-
nously given positive constants and 1  is Brownian 
motion, t is the current time [3-5].  
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2.2. The Stochastic Growth 

Define I (m3) as inventory of timber (or biomass volume), 
It + 1 and It as the stocking levels at age of t + 1 and t, 

 as the control variable (the quantity of cutting) 
of the time t which is depended on the market price P and 
stocking level I,

( , , )q P I t

( , ( , , ))tg t I q P I t
q

 as the timber growth 
function with I and . The relationship of all these va- 
riables follows:  

1 ( , ( , , )) ( , , ),t t tI I g t I q P I t q P I t           (2) 

If we assume that growth is governed by the stochastic 
process, the timber volume I satisfies the stochastic dif-
ferential equation: 

2 2

2 2

( )

[ (1 ) ]

dI I q dt d qdt

I q dt d

  
,  

   
    

]

          (3) 

The inventory growth rate, [ (1 )I q   , depends on 
the cutting rate policy q(P, I, t) and can be either negative 
or positive. The parameter   corresponds to the inven-
tory growth rate as a percentage of the residual inventory. 
The coefficient 2  is the volatility parameter repre-
senting the uncertainty over the inventory growth rate 
and 2  is Brow n motion [6-8].  nia

Under these assumptions, the forest owner's optimal 
problem is to determine the control strategies  
at the different age t for the maximization of a so-called 
value function V during the period 0 , where 0 is 
the age of the mature forest that is permitted to be cut, 
and can be noted as 0 for simplification, and T is the final 
time when forest is harvested in one time or the expira-
tion year of the forest lease ( eT ), 
We assume that management decisions can be imple-
mented only at fixed time points 0 1 n

* ( , , )q P I t

t

( )}e t tt q I  . 

T

( , )t t T

min{T T

, ......,t t

,

t  , e.g., 
only on a yearly basis, and action payments are also re-
ceived at these specified time points only. 

2.3. The Value Function 

Under the optimality portfolio principle, the value of 
forest is composed of log market value and standing for-
est value, and the value function V about time t can be 
decomposed into the sum of the immediate profit   
and the expected discounted continuation value : ( )E V

* 0[0,min( , )]
( , , ) max { ( , , )

[ ( , , ) , ]}.

Tt

q I q

t t t t t t

V P I t e P q t dt

E V P I t t P I

 



 

 

 


     (4) 

where q  is the maximum annual cutting permission of 
policy,   is the resource manager’s risk-free discount 
rate, and the immediate profit   is composed of amen-
ity value of standing forest (A) and log value (B) minus 
the operating costs of harvesting and management (C) 
(including the appropriate amount of carbon credits that 

must be purchased back once the harvest is performed).  
Especially, if we consider the payments arising from 

carbon sequestration and suppose that carbon payments 
are received from any increment in standing volume, the 
CO2 prices is a constant number C , and the parameter γ 
(a conversion factor) states how many tons of CO2 are 
sequestered in 1 m3 of wood, the value of standing forest 
will be as follows:  

P

( , ) ( )C CA P I P I q                 (5) 

The log value is 
( , , ) (1 ) ,B P q Pq                  (6) 

where   corresponds to the tax rate of revenues. 
The cost function is given by the quadratic equation 

2
0 1 2( ) ,C q a a q a q                 (7) 

where 0  is the fixed cost, 1  is the variable cost, and 

2  is the quadratic term reflecting increasing marginal 
cost. The quadratic functional form is not critical, and is 
chosen solely for its algebraic simplicity. 

a a
a

Then, the cash flow from forest [4,8,9] is 

2
0 1 2

( , , ) ( , ) ( , , ) ( )

( ) (1 ) (

C

C

P q t A P I B P q C q

P I q Pq a a q a q

 

 

   

       ),
    (8) 

So, the value function under the above assumptions 
follows the equation: 

( , , )V P I t   

* 0[0,min( , )]

2
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   (9) 

3. An Analytical Solution 

According to the above model, the classical tools of sto-
chastic optimal control and maximum principle [10,11] 
lead to the following Hamilton-Jacobi-Bellman (HJB) 
equation: 

2 2 2
2 1 1 2

2
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1 1

2 2
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t I P

PP II PI
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C C
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(10) 

We denote it simply as: 

2 2 2
2 1 1 2
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where 

0 0

1 1

2 2

,

(1 ) ,

,

C
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P P
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           (12) 
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From (11), the optimal policy satisfies *q
*

1
2

1
[(1 ) ],

2
t

Iq V e 


             (13) 

Putting (13) in (11), we obtain another partial differen-
tial equation: 
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    (14) 

We try to find a solution to (14) in the following way:  

( , ),tV e f P I              (15) 

Introducing this in (14), we obtain: 

2 2
2
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Namely, as that: 
2
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    (17) 
Decompose ( , )f P I  as: 

( ) ( ),f g I h P                 (18) 
Introducing this in (17), we obtain: 
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Assume that  

2
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Introducing this in (18), we obtain: 
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(21) 
It is not difficult to decide 1 1 2 2  by the 

method of undeterminated coefficients, such as 
2, ,. , ,k l k l m

1 , (2 0)
2

CP
k


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We are not usually interested in the value function, but 
rather in the optimal strategy. From (12), (13), (15), (18) 
and (22), it is given by: 

*
1

2

1 2 1
[(1 ) ]

2 2 Cq P P
a

 
 


   


a      (23) 

4. Conclusions 

It is not difficult to draw some conclusions about the 
quantity of harvesting from (22): 

1) The quantity is decided by the log market price (P), 
the concession value or the carbon price (PC), the timber 
growth average speed (  ), the discount rate (  ), the tax 
rate ( ), the carbon transform coefficient (γ), and the 
costs coefficients ( 1 and 2 ), but it has nothing with the 
gross of present forest (I), the fixed cost ( 0 ), the price 
volatility (

a a
a

1 ), and the timber growth volatility ( 2 ). 
2) It is obvious that the more expensive timber price is 

and the lower tax rate is, the more trees will be cut down. 
3) Normally, two times of the discount rate is larger 

than the timber growth rate ( 2  ), so the more con-
cession value there is, the less trees will be cut down. It 
means that the forest concession or the carbon credit 
payment schemes can discourage deforestation. Other-
wise, if the timber growth average speed is faster than 
two times of the discount rate, the owner will harvest 
more forest to pursuit more wood sales value, with the 
fast-growing forestry as an example. In another word, 
only policies such as subsidies from government are not 
able to satisfy the forest owners’ profits. So it is impor-
tant to improve the management and technology to in-
crease the growth rate of forest. 

4) Obviously, the more cost of harvesting, the less 
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trees will be cut down. But we find that the fixed cost 
does not influence it. The cost is also can be regarded as 
the penalty for the destruction.  

5) As said above, the harvesting strategy has nothing 
with the gross of present forest, so the control of the port- 
folio is suitable for any scope of forest regardless of the 
amount. 

In a word, we believe many more interesting conclu-
sions will be brought under the different assumptions by 
using the portfolio approach, and welcome more resear- 
chers to take part in the field. 

5. Acknowledgements 

The author is pleased to acknowledge the financial support 
of Science Foundation of Science & Technology Depart- 
ment, Forestry Department, and Social Science Research 
Funds in Hunan Province, the Key Research Institute of 
Philosophies and Social Sciences in Hunan Universities, 
Central South University of Forestry & Technology, China, 
and Eurasia–Pacific Uninet, Austria. The author would li- 
ke to express sincere thanks to Prof. Franz Wirl who 
chairs Industry Economy, Energy Economy and Envi-
ronment Economy in Faculty of Business, Economics 
and Statistics, University of Vienna. 

REFERENCES 
[1] G. Guthrie and D. Kumareswaran, “Carbon Subsidies, 

Taxes and Optimal Forest Management,” Environmental 
and Resource Economics, Vol. 43, No. 2, 2009, pp. 275- 
293. 

[2] J. W. Xiao, W. X. Kang and S. H. Yin, “A Stochastic 
Model and a Portfolio Approach to the Optimal Forest 
Management,” 3rd International Conference on Business 

Intelligence and Financial Engineering, Hong Kong, 2010, 
pp. 201-204. 

[3] K. Rocha, R. B. A. Moreira, E. J. Reis and L. Carvalho, 
“The Market Value of Forest Concessions in the Brazilian 
Amazon: A Real Option Approach,” Forest Policy and 
Economics, Vol. 8, No. 2, 2006, pp. 149-160. 

[4] Z. Chladná, “Determination of Optimal Rotation Period 
under Stochastic Wood and Carbon Prices,” Forest Policy 
and Economics, Vol. 9, No. 8, 2007, pp. 1031-1045. 

[5] M. Insley, “A Real Options Approach to the Valuation of 
a Forestry Investment,” Journal of Environmental Econom-
ics and Management, Vol. 44, No. 3, 2002, pp. 471-492. 

[6] L. H. R. Alvarez and E. Koskela, “Optimal Harvesting 
under Resource Stock and Price Uncertainty,” Journal of 
Economic Dynamics and Control, Vol. 31, No. 7, 2007, 
pp. 2461-2485. 

[7] F. Lu and P. Gong, “Optimal Stocking Level and Final 
Harvest Age with Stochastic Prices,” Journal of Forest 
Economics, Vol. 9, No. 2, 2003, pp. 119-136. 

[8] R. Morck, E. Schwartz and D. Stangeland, “The Valua-
tion of Forestry Resources under Stochastic Prices and 
Inventories,” Journal of Financial and Quantitative Ana- 
lysis, Vol. 24, No. 4, 1989, pp. 473-487. 

[9] M. C. Insley and T. S. Wirjanto, “Contrasting Two Ap-
proaches in Real Options Valuation: Contingent Claims 
Versus Dynamic Programming,” Working paper, No. 08002, 
2008. 

[10] J. W. Xiao, H. Zhai and C. L. Qin, “The Constant Elastic-
ity of Variance (CEV) Model and Legendre Transform- 
Dual Solution for Annuity Contracts,” Insurance: Mathe-
matics and Economics, Vol. 40, No. 2, 2007, pp. 302-310. 

[11] J. W. Xiao, S. H. Yin and C. L. Qin, “The Constant Elas-
ticity of Variance (CEV) Model and the Analytical Strate-
gies for Annuity Contracts,” Applied Mathematics and 
Mechanics, Vol. 27, No. 11, 2006, pp. 1499-1506. 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


