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Abstract 
This article exploits data from ascending auctions from the US Forest Service to es-
timate an optimal reservation price in forestry when prices are uncertain and when 
the forest owner endogenizes the cutting age of trees. The results suggest that there is 
a huge gain in terms of the forest owner profit to use the estimated optimal reserva-
tion price rather the well-known reservation price proposed by Laffont and Maskin’s 
and Riley and Samuelson’s which is suboptimal in the forestry context. Finally, the 
results also confirm that the reservation price set by the US government agency is too 
low. 
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1. Introduction 

In forestry, auction mechanism is commonly used to sale trees. For example, the US 
government agency, the United States Forest Service (USFS) uses auctions for the sale 
of standing timber. Optimal auction often involved the setting of an optimal reserva- 
tion price to maximize the forest owner’s surplus. Over the past decades, empirical works 
have derived the reservation in forestry under various assumptions using the well known 
result of [1] [2]. However, in a recent theoretical paper, [3] showed that this result is 
not suitable for the forest management problem to estimate an optimal reservation in 
forestry because it ignores the harvesting decision. Therefore, he proposed an optimal 
reservation price that endogenizes the harvesting decision by assuming that bidders’ 
valuations depend on the optimal harvest time of trees namely, the optimal rotation 
which is the central problem in the management of forest resources. Following [3], this 
article aims to estimate an optimal reservation in forestry when stumpage price are 
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uncertain and then to analyse to what extent the result differs from that of [1] [2] in 
term of the forest owner’s profit. 

This is not the first article to derive empirically an estimate of the optimal reserve 
price in auctions. In a pioneering work, [4] used data from the Forest Service of British 
Columbia to derive the optimal reserve price in ascending auctions. Later [5] derived a 
semi-parametric estimator of the optimal reserve price in the first price sealed-bid 
auctions, and [6] derived an estimate of the optimal reservation price under affiliated 
private value in ascending auction. All of these papers assumed the stumpage market 
price to be deterministic; they also ignored the forest management problem. This article 
estimates the optimal reservation price by assuming that bidders’ valuations are inde- 
pendent and identically distributed (the IPV paradigm) in order to tackle the forest 
management problem. It contributes empirically to the literature of forest auctions by 
extending the results of Laffont and Maskin as well as Riley and Samuelson in the con- 
text of forestry management. 

The article is organized as follows. Section 2 presents the theoretical model. Section 3 
provides an empirical application of the model to the US Forest Service (USFS). The 
econometric specification of the model, the identification, and the estimation of para- 
meters, as well as the calculation of the optimal reservation price and its implications 
are discussed. Finally, Section 4 concludes the paper. 

2. The Model  

In this paper, I consider the bidding behavior in an ascending auction. Following [3], I 
assume that there are N potentials risk neutral firms that compete at each period t for 
the possession of an homogeneous stand of trees of same age τ  which is the time 
interval between planting and harvesting. Let ( )X τ  denote the total volume of timber 
to be harvested. I will focus on symmetric equilibria with increasing bids. At period t, 
firms 1, 2, , N  submit bids ( )1 , ,t t Ntb b b=   that depend on their average cost (the 
exploiting cost per unit of timber harvested) according to a decreasing function ( )tβ ⋅  
so that ( ) , 1, ,it t ib i Nβ θ= =  . The random variable iθ  is the private information of 
firm { }1, ,i N∈  . Assume that each iθ  is drawn independently from the same 
distribution with the cumulative distribution function ( )F ⋅  and the density function 
( )f ⋅  on the interval ,l hθ θ   . The valuation per unit of volume of timber of firm i at 

period t is given by: , 1, ,it t iV P i Nθ= − =   where tP  is the stumpage price of the 
timber which is assumed to follow an ( )AR q  (autoregressive process of order q) 
process that is stationary and described by  

1 1 ; 0 1, 1, , .t t q t q t iP P P i qµ φ φ ξ φ− −= + + + + ≤ ≤ =              (1) 

The stochastic term tξ  is white noise. Firm i wins if its bid exceeds the reservation 
price ( )t tR β δ=  as well as the bids of other firms1. In an ascending auction it is a 
dominant strategy for firm i to reveal its private value it itb V=  defining the equili- 

 

 

1The reservation price ( )t tR β δ= , ( ,l hδ θ θ∈   is such that a firm with average cost θ δ>  cannot com-

pete in the auction since its bid is lower than the reservation price ( ( ) ( )t t tb Rθ δ β θ β δ> → = < = ). 
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brium strategy  

( ) , 1, , .t i it t iV P i Nβ θ θ= = − =                      (2) 

It is shown in [3] that the expected revenue from auction in period t is  

( ) ( ) ( )( ) ( )1 2,t tL P A A Xτ δ δ δ τ= −  

where  

( ) ( )( )1 1 1
N

A Fδ δ= − −  and ( ) ( )( ) ( ) ( ) ( )
1 12 1 d .lY YA N F F N F f

δ

θ
δ δ δ δ θ θ θ θ= − + ∫  

The problem of the forest owner is to choose the optimal rotation age 0τ ≥  and the 
optimal cut-off cost ,l hδ θ θ ∈    to maximize the present value of the forest owner 

( ) ( ), e ,r
t tW L Kττ δ τ δ−= −  subject to (1) and 0t tR P δ= − ≥ . The parameters K and r 

are the planting cost and the interest rate respectively. For the empirical analysis I 
summarize here the solution of the problem provided by [3] which will be used to 
estimate the model parameters and to calculate the optimal reservation price. These 
consist of the optimal cutting age of trees defined by Equation (3) and the optimal 
reservation price t tR P δ= −  where δ  satisfies Equation (4).  

( ) ( ) ( )
( ) ( ) ( )

1 2

1 1 2

log .t

t

P A A
g r

b P A A
δ δ

τ
µ φ δ δ

−
= +

+ + −
              (3) 

( )( ) ( ) ( )( ) ( ) ( )( )1 2
1 2

dd 0.
d d

t
t

P A A
g r P A A

δ δττ δ δ
δ δ

−
− − + =         (4) 

The solution of the problem will be compared with that provided by [1] [2] which 
satisfies Equation (5) below.  

( )
( )

0.t
F

P
f
δ

δ
δ

− − =                        (5) 

3. Econometric Specification and Estimation 

To estimate the optimal reservation price, I will use a structural model by estimating 
respectively the distribution function of the costs ( )F ⋅  using auctions data, the 
stumpage price of timber tP , and the growth function of trees ( )X τ . Before going on 
to describe the estimation procedure let first describe the auctions data. 

3.1. Timber Auction Data 

To compute an estimate of the optimal reserve price, I use auctions data provided by 
the USFS, a US government agency that manages public forests and organizes the sale 
of standing timber. The sales are conducted using either first price sealed-bid auctions 
or ascending auctions2. Each auction involves the selling of trees in a specific track. A 
track of forest may consist of trees of different species. When there is more than one 
species, the reserve price is set for each species. However, the transaction bid depends 
on the total amount bid for all species. This raises an additional difficulty for the 

 

 

2For detailed descriptions of different auctions and contracts between the USFS and the loggers and contrac-
tors, see [7]-[11]. 
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computation of the optimal reserve price that must take into account the allocation of 
the total amount among species as such information is not available. Therefore, I 
restrict my attention to auctions with only one species. I focus on auctions organized 
from 1973 through 1993. I selected two representative species namely, Douglas fir and 
Lodgepole pine among 71 species sold during these periods. This choice stemmed three 
reasons. First, both species represent one-third (33.79%) of the total volume of timber 
sold during the considered period. Second, in terms of the volume of trade, they 
represent 10.7% of the total number of sales during the considered period, with 5.9% 
for the Douglas fir and 4.8% for the Lodgepole pine. Finally, the availability of data for 
a homogeneous stand is a factor. The data come from the six regions of the western half 
of the United States, labelled as 1 through 6, and consist of 1532 sales that received at 
least two bids3. Finally, after cleaning the data and removing missing data, 1304 data 
remained of which 1094 in ascending auctions. These 1094 auctions will be used for 
estimation. This sample data consists of 754 for Douglas fir and and 340 for Lodgepole 
pine. Table 1 summarises the statistics of variables in the sample of auctions studied. 
All dollar figures are converted to constant 1982 dollars per MBF (thousand board-feet) 
of timber. 

Table 1 shows that, in terms of the quality of timber, Douglas fir is more valuable 
than Lodgepole pine as the stumpage price of Douglas fir is approximately six times 
higher than that of Lodgepole pine. 

3.2. Estimation 

To estimate the distribution of costs, I follow [4] by assuming that the distribution of 
cost follows a Weibull distribution with scale λ  and shape γ . To take into account 
the heterogeneity that are responsible for correlation among bids, I follow [12] by 
assuming that the parameters λ  and γ  depend on some covariates X and the 
number of actual bidders (n). That means, ( ),X nλ λ=  and ( ),X nγ γ= , where n is 
the number of actual bidders. Thus, the cumulative distribution of cost is:  
 
Table 1. Summary statistics. 

Variables 
Douglas fir L = 754 Lodge pole pine L = 340 

Mean Std.dev. Mean Std.dev. 

Winning bid ($/mbf) 151.59 92.93 40.46 28.11 

Stumpage price ($/mbf) 205.66 120.04 35.32 21.28 

Hauling distance (miles) 48.29 49.87 42.60 30.32 

Volume of timber (mbf) 571.09 1593.55 624.95 851.42 

Reserve price ($/mbf) 90.79 57.65 21.45 17.61 

Number of bidders 4.67 2.09 3.88 1.96 

Acres (acres) 139.17 1125.10 333.52 1259.30 

L refers to the total. 

 

 

3A total of 2085 sales satisfy all my criteria; however, I dropped 553 sales, representing 26.52% of the initial 
sample, that received less than two bids. 
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( ) ( )

( )

| , 1 exp
,

n

F X n
X n

γ
θθ

λ

   = − −     
                  (6) 

( ) ( )0 0ln , , lnX n nX n X n n nλ β β β γ α α= + + = +  

In each lth auction, the standing timber is characterized by a vector of variables 

( )0, , ,l l l l lZ X P n b= , thereby affecting bidders’ valuation through the distribution of 
costs, representing the characteristics of timber (i.e., the total volume to be harvested, 
the number of acres, the hauling cost, the stumpage price, the number of actual bidders, 
and the reservation price at each lth auction). The estimation procedure is presented in 
Appendix. 

The estimation of parameters of the distribution functions is summarized in Table 2. 
Before interpreting the estimate parameters that are statistically significant, let’s 
highlight that bids are increasing in the scale parameter ( λ )4. The estimation results 
show that for both species, the number of bidders is not informative for the shape 
parameter γ 5. While for the scale parameter λ , the volume and the number of 
bidders are statistically significant for Lodgepole pine, and the volume is only signi- 
ficant for Douglas-fir. An increase in the volume or in the number of bidders increase 
the scale parameter and thus increase the bids. These results are in line with those 
obtained by [12].  

Before going on to calibrate the optimal reservation price, I first model the diffusion 
process of the stumpage prices using Equation (1). Table 3 shows that both Douglas fir 
and Lodgepole pine follow a first-order autoregressive model that is stationary around a 
deterministic trend (constant term)6. Observations include annual data from 1950  
 
Table 2. Estimation results. 

 

Pine  Douglas fir 

Coeff. S.E t.stat  Coeff. S.E t.stat 

   lnλ     

Constant −0.032 0.628 0.050  4.352 0.214 20.309 

Ln (hauling distance) −0.031 0.084 0.377  −0.032 0.030 1.050 

Ln (volume) 0.251 0.060 4.171  0.031 0.014 2.226 

Ln(reserve price) 0.040 0.067 0.597  0.030 0.021 1.516 

Ln(Number of bidders) 1.066 0.162 6.563  0.063 0.048 1.308 

    ln γ     

Constant −0.642 0.248 2.588  −0.1505 0.087 1.740 

Ln (Number of bidders) 0.266 0.179 1.486  0.032 0.054 0.590 

 

 

4 ( ) exp 0F
γ γ

λ

γ θ θθ
λ λ λ

    = − − <         
. Thus, an increase in λ  implies that ( )F θ  decreases, which is 

equivalent to θ  decreases, which is equivalent to b increases. 
5Additional estimation of γ  as a constant was performed however it doest not add any insight in the results. 
6I use both Dickey-Fuller and Phillips Perron stationary tests. The null assumption of a unit root is rejected at 
the 5% level. 
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Table 3. Autoregressive models. 

 Douglas-fir: 156.96 0.72t t tP P ξ−= + +  203.43P =  

Parameter Estimate S.E. t-statistic 

µ̂  56.96 21.54 2.64 

φ̂  0.72 0.09 7.68 
2 0.53R =  Durbin-Watson=1.94 No. of observations = 55  

 Lodge pole pine: 115.35 0.67t t tP P ξ−= + +  46.73P =  

µ̂  15.35 5.99 2.56 

φ̂  0.72 0.11 5.95 

2 0.45R =  Durbin-Watson=2.18 No. of observations = 46  

P  is the long-run mean price. 

 
through 2005 for Douglas fir and from 1965 to 2010 for Lodgepole pine7. Prices are in 
constant 1982 dollars per MBF. Price series are from the USFS Department of United 
States of Agriculture ([13]) and from [14]. 

Finally, I rely on the yield tables of Douglas fir and Lodgepole pine for the estimates 
of growth functions (for the yield table of Douglas fir, see [15] [16]; for the yield table 
for managed stands of Lodgepole pine, see [17]). Because it is more convenient to work 
with continuous formula, I assumed the following exponential growth function 
specified as ( ) ea b tV t −= . This commonly used functional form provides a very good 
fit. The resulting regressions are summarized by:  

( )
( )

8.49 64.94 2

10.15 86.32 2

Lodgepole pine : e 0.99 Site Index 60

Douglas-fir : e 0.99 Site Index 90.

X R

X R

τ

τ

τ

τ

−

−

= =

= =
           (7) 

3.3. Calibration Results   

Using Equation (3)-(5) with preceding estimates, I calculated the model optimal 
reservation price (Model), Laffont and Maskin’s and Riley and Samuelson’s reservation 
price (LMRS) used in previous empirical studies, and the reservation price set by the 
USFS for Lodgepole pine and Douglas fir, respectively, when the interest is 3%. The 
results are summarized in Table 4. For Lodgepole pine and Douglas fir, the optimal 
reservation price is on average 91% and 117.9% respectively, higher than that set by the 
USFS. Table 4 also confirms the theoretical results of [3] that the model optimal 
reserve price derived is higher than that of LMRS. The difference in percentage for 
Lodgepole pine and Douglas fir is on average 13.1% and 10.9% respectively. 

I also quantified the gain of the forest owner by using the model optimal reservation 
price rather than reservation price of LMRS. The results are summarized in Table 5, 
which shows the profits per acre and the gains in percentage by using the optimal 
reservation price rather the LMRS reservation price8. The gain in moving from a LMRS  

 

 

7The fact that stumpage prices go beyond 1993 is not problematic when the price process is stationary, as it is 
the case in this article. Just the length of data is relevant; starting time and ending time are not important. 
8Because the planting cost is too small compared to the total revenue, I have assumed that it is zero. 
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Table 4. Reserve Prices, r = 3%. 

Lodgepole pine 
Year Model LMRS USFS Diff. (Model-USFS) Diff. (Model-LMRS) 
77 39.1 35.1 14.6 168.2% 11.4% 
78 48.7 43.1 36.7 32.7% 12.9% 
79 50.8 44.9 20.4 149.3% 13.2% 
80 39.0 36.0 9.8 299.7% 8.3% 
89 40.2 36.9 18.3 119.1% 8.9% 
90 40.0 32.5 36.6 9.3% 23.0% 
91 50.4 43.7 18.5 172.5% 15.4% 
92 57.6 49.5 7.3 691.4% 16.4% 

Total 46.1 40.8 24.1 91% 13.1% 
Douglas-fir 

Year Model LMRS USFS Diff. (Model-USFS) Diff. (Model-LMRS) 
78 322.9 286.0 159.5 102.5% 12.9% 
79 468.7 416.6 177.6 163.9% 12.5% 
80 451.4 400.4 146.8 207.4% 12.7% 
88 157.1 154.7 75.9 107.1% 1.5% 
89 258.0 230.8 133.3 93.6% 11.8% 
90 296.7 263.6 164.6 80.3% 12.5% 
91 236.2 212.0 159.2 48.4% 11.4% 
92 281.6 251.0 109.0 158.2% 12.2% 

Total 296.6 267.4 136.1 117.9% 10.9% 

 
Table 5. Expected profits, r = 3%. 

Lodgepole Pine 
Year Model LMRS Difference Difference (%) 
77 1872 987 885 89.7% 
78 5077 4314 762 17.7% 
79 5603 5104 499 9.8% 
80 7228 6731 497 7.4% 
89 6094 5537 557 10.1% 
90 3924 2044 1880 92.0% 
91 3595 2691 905 33.6% 

92 4091 3132 959 30.6% 

Total 5096 4310 786 18.2% 

Douglas-fir 

Year Model LMRS Difference Difference (%) 

78 67283 58084 9199 15.8% 

79 62279 53636 8643 16.1% 

80 62033 53464 8569 16.0% 

88 137382 135947 1434 1.1% 

89 76424 65445 10979 16.8% 

90 66590 55648 10942 19.7% 

91 90315 83760 6555 7.8% 

92 68437 57704 10733 18.6% 

Total 85172 77403 7770 10.0% 
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reservation price to the model optimal reservation is considerable. For Douglas fir, it 
is on average equals 7770$ per acre, or 10%. That gives an average total gain of 
1,081,350.9$ (the average number of acres of Douglas fir is 139.17). For Lodgepole pine, 
the gain derived from moving from LMRS to the optimal contract is 18.2%. This 
represent a gain of 487,461.48$ (the average number of acres is 620.18). The results 
obtained when the interest rate is 3% are corroborated with the results summarized in 
Table 6, showing the expected gains when using the model reservation price rather 
than the LMRS for additional interest rates of 4% and 5%. For example, when the 
interest rate is 5%, the gain is 9.2% for Douglas fir and 53.2% for Lodgepole pine. 

4. Conclusion 

This article combined auctions and the forest management problem to estimate the 
optimal reservation price in forestry when prices are uncertain and follow an auto- 
regressive model. Exploiting data in ascending auctions provided by the USFS, I esti- 
mated the optimal reserve price for the selling of the Douglas fir and Lodgepole pine 
which are two representative species traded by the USFS. Both stumpage prices follow a 
first order autoregressive process that is stationary around a drift term. First, the opti- 
mal reservation price is 91% and 31.5% for Lodgepole pine and Douglas fir respectively 
higher than the reserve price set by the USFS thereby confirming what is well accepted 
among economists namely, that the reservation price set by the US government agency 
is too low. Second, compared to Laffont and Maskin’s and Riley and Samuelson’s re- 
servation price used in previous studies, the optimal reservation price is on average 
13.1% and 10.9% higher respectively, for Lodgepole pine and Douglas fir. Finally, 
there is a considerable gain in expected profit up to 53.2% and 10.0% respectively, for 
Lodgepole pine and Douglas-fir indicating that the forest owner should use the opti- 
mal reservation price that take into account the harvesting decision derived by Tato- 
utchoup ([3]) rather than Laffont and Maskin’s and Riley and Samuelson’s reservation 
price.  
 
Table 6. Average expected profits and interest rate. 

Interest rate Model LMRS Difference Difference (%) 

Lodgepole pine 

3% 5096 4310 786 18.2% 

4% 3767 2820 947 33.6% 

5% 2780 1814 966 53.2% 

Douglas-fir 

3% 85172 77403 7770 10.0% 

4% 58758 53582 5176 9.7% 

5% 41914 38378 3536 9.2% 
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Appendix  

Estimation in Ascending Auctions  
The observation in the ascending auction is { }, , 1, ,wl l Ab Z l L=  , where wlb  is the 

winning bid and AL  the total number of auctions. Typically, the winning bid is not 
observed in an ascending auction. It follows from [18] Theorem 1 that wlb  is the 
transaction bid corresponding to the second lowest signal. Thus, the distribution of the 
private signal can be estimated using the order statistics. Indeed, let ( )2θ  be the second 
lowest signal among 1, , Nθ θ  and denoted by ( )H ⋅  and ( )h ⋅ , its cumulative 
distribution function and density function, respectively9. It follows from (2) that 

( )( )2 , 1, ,l wl Al
P b l Lθ = − =  , and ( )( )0 0

2 , 1, ,l wl Al
P b l Lθ = − =  . The parameters  

( )0, , ,X n nβ β α αΓ =  are estimated by the maximum likelihood. Because a bid is 
observed if and only if it is higher than the reservation price ( 0b ), then following [4], 
the maximum likelihood function is written as:  

( )
( )0

1

;
;

AL
l wl

l l wl

h P b
L

H P b=

− Γ
=

− Γ
∏                          (8) 
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9 ( ) ( )( )H Fθ η θ= , and ( ) ( )( ) ( )h F fθ η θ θ′= , where ( ) ( ) ( ) 11 1 1 , 0 1, 2N Nt t Nt t t Nη −
= − − − − ≤ ≤ ≥ . 
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