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1 Introduction

Timber stumpage appraisal is an important issu@fdnlic Forest Services so as to set
a relevant reserve price and to obtain a fair ntarkkie in timber sales. But what is a fair
market price for such a product? There is quitéfardnce between forest production (which
spreads over a long period of time) and timber supphich is a harvesting decision). So
without real references to production costs, thikerskas to consider other elements to assess
the value of the good and to determine his ownrvesien value. Concretely, the seller has to
estimate market demand. Introduced in the 1980stthasaction evidence” approach has
replaced the traditional “residual value” for pi&dig stumpage prices in the USDA Forest
service. With transaction-evidence appraisal, timizdue is estimated directly from market
prices obtained in past timber sales. The buydnnate the value of a standing wood lot in a
different way since they have more information carviesting costs, on what they will
produce with the wood and at what price they walldble to sell their products. It is therefore
easier for buyers to measure their willingness &g for the lot, i.e. to determine their

reservation value.

Adopting this transaction evidence approach, weirgarested in the auction results
of timber sales. Most timber sales are conductedutfh auctions, but in the literature on
sequential auctions, it is often assumed thattdmag put successively on sale are perfectly
identical. This assumption is difficult to justiip the case of timber auctions, but also in
many other types of auctions, such as art, wineraadestate auctions. Heterogeneity in the
product is probably the most important featureiwiber auctions. Lots are different from
each other, lots differ in volume, composition,dbization, harvesting conditions, etc. (inter
lots heterogeneity). But a lot is also composedlitierent species and qualities (intra lot
heterogeneity). Thus, lots are not only differeotf one another, but there are also made up
of heterogeneous wood. These issues of inter- @na-lot heterogeneity are related to the
nature of the good and persist with any sale mashmnHeterogeneity raises various
guestions about the valuation of the different kbigt are put on sale, as well as about the

allocative efficiency of a sequential mechanism.

Another problem arises in timber auctions from féoe that many lots remain unsold
at the end of the sale. The percentage of unstddinoFrench timber auctions can reach 50
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percent and represents a non-negligible phenomenadne study of the sale mechanism.
Which are the characteristics that determine dtamill be sold or not? What is the impact of
the heterogeneity on the auction price? How shbeldletermined the reserve price? This

paper attempts to answer these gquestions.

Most empirical studies on sequential auctions amalyrice evolutions (Ashenfelter,
1989; Ashenfelter and Genesove, 1992; Vanderpori®92; Lusht, 1994; Beggs and
Graddy, 1997; Gandal, 1997; Deltas, 1999; Deltas ltosmopoulou, 2000; Lambson and
Thurston, 2003, Ginsburgh and van Ours, 2003; Ric8icorcu, 2003). Most of these studies
find that prices for the same items decrease aaubgon proceeds, with price premiums to
items sold early during the auction. However unstdchs are rarely taken into account. To
our knowledge, there are no studies that test vehnebie decreasing price phenomenon is also
observed in timber auctions. It is true that thalgsis is complicated by the presence of

heterogeneity and by the fact that unsold lots havee taken into account.

The data set built by Costa and Préget (2004) mbdr auctions allows us to study
the impact of lots heterogeneity on auctions framemnpirical perspective. Econometric
studies can help to better understand the aucteehanism and test assumptions used in the
theoretical literature. Costa and Préget's dataiseudes timber auctions in Lorraine
(Eastern France) carried out during the fall of 200his data set is particularly rich and

includes many lots characteristics.

Heterogeneity makes the hedonic price function @ggr useful in order to infer the
appraisal timber value. Many characteristics mdluémce the stumpage price. A hedonic
price function allows to predict the market valdeaovood lot, but it also gives the relative
importance of the various characteristics of th@aviots. Indeed, the hedonic price method

is based on the implicit marginal price of eachrahbteristic.

We propose to study the impact of inter- and ihdtaheterogeneity not only on
auction price level but also on the probabilityttiaalot will be sold or not. Indeed, the
percentage of unsold lots in French timber auctisngarticularly high. Taking the unsold
lots into account is therefore a fundamental amgircal element of our econometric analysis.
Contrary to North American timber auctions, theerge price of the seller is not announced
in French public timber auctions, which raises haotfproblem. A reserve price is reported
for each lot in the data base, but that price tstim® real seller’s reservation price since many
lots are sold at a lower price. This means thatfteeach public Forest Service decides to sell
or not a lot at the last moment and does not contorahy reserve price before the auction.
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In the United States, most studies on timber anstanalyze the comparison between
oral and sealed bid auctions (Johnson, 1979; Hai886; Brannman, Klein et Weiss, 1987,
Brannman, 1991, 1996; Athey et Levin, 2001; Athegvin et Siera, 2004). But this topic is

not a current issue in France where almost als#ihes are sealed bid first price auctions.

Our analysis is closest to the timber stumpage aaggr literature. Prescott and
Puttock (1990) and Puttock, Prescott and Meilké®Q)3ropose a hedonic price function to
forecast stumpage prices in Southern Ontario tindaes. Their model and estimation
procedure are simpler than our methodology sineg tto not have any unsold lots in their
data base. Huang and Buongiorno (1986) proposeaasdction evidence appraisal of timber
market value taking into account unsold lots usingpbit model. Boltz, Carter and Jacobson
(2002) did the same for timber auctions in Northhdlaa. They highlight the importance of
intra-lot heterogeneity on auction prices of mixguecies lots. Results, corrected for the
endogenous patrticipation of bidders, for marketditions, for production costs and for the
quality and species characteristics, show thatessxd heterogeneity leads to lower sale
prices. Their study gives in some way an estimatibthe opportunity cost for biodiversity.
The Tobit model is not applicable to our data setesthe reserve price is not announced in
French public timber auctions. We correct the loias to the existence of unsold lots using

the sample selection model of Heckman.

Thus, our study contributes to the literature ambtr value appraisal since we
propose an empirical model to asses the value tdrdgeneous goods from sequential
auctions with secret reserve price and unsold Wis.confirm that lot heterogeneity leads to
a lower price and we determine the factors thami@nfce the probability that a lot will be sold

or not in French timber auctions.

In the next section, we describe the institutidinanework of French public timber
auctions. Section 3 describes the data set. Thaowelogy is detailed in section 4 and

section 5 presents the results. Section 6 concloglesesearch.



2 Institutional framework

Competitive bidding is widely used in timber salasFrance. In particularly, the
French National Public Forest Service (ONEses sealed bid first price auctions to sell
timber from public forest. Timber auctions of th&B which represent 40% of the timber
sold each year in France, generally concern stgntimoer. The auction mechanism seems
to be the best way to determine an "objective" fairamarket value for such a heterogeneous
product.

2.1 Presentation of French timber auctions

French timber auctions are different from auctidreditionally analyzed in the
economics literature for several reasons. Finsthéir auctions are sequential since many lots
(usually more than one hundred) are put on saleaftee the other; the result of the auction
of a lot is given before the next lot is put oresdihe first lot is usually randomly drawn, and
then the auctioneer follows the catalogue ordee Jdle catalogue details one by one all the
lots. Nevertheless, no information is given abtwat $eller's reserve price. That price is kept
secret to preserve the private information of tekes so as to avoid bidders to eventually
lower their bids. This singular practice has beerlied in the literature, but is difficult to
justify theoretically. Elyakime, Laffont, Loisel dnVuong (1994) show in an independent
private value auction model that it is strictly eetfor the seller to fix a minimum bid instead
of keeping the reserve price secret. Accordinghtartmodel, the seller is always better off
announcing his reserve price, but if the reserueeps kept secret, then it is optimal to fix it
to his reservation value. The practice of secre¢mee price is sometimes justified either by
the fact that announcing a reserve price reducesp#rticipation of the bidders or by a
common value component (Vincent, 1995). Risk avarss also mentioned to justify a secret
reserve price (Li and Tan, 2000). There is no clrewer to justify a secret reserve price.
However, a lack of competition for some lots and willingness of the ONF to maintain a
reasonable timber price may also explain this practA secret reserve price may also be

used to prevent collusion between bidders at therve price. In fact, we guess that a good

1 ONF stands for Office National des Foréts.



reason to keep secret the reserve price is bedaisseasier for the seller since he does not

know the exact value of his reservation value ataiction time.

There is no commitment from ONF to stick to theerge price (unknown to the
bidders). Indeed, the reserve price is estimatéorde¢he sale, but it may be changed during
the sale and even when the bids are opened. Sagelilee can lower the reserve price if he
sees that many lots remain unsold. With that mgel the seller keeps a certain flexibility to
manage the sale, but that practice may lead to sosts for the seller from an auction theory
point of view. Indeed, without firm and crediblensmitment, the auctioneer may lose a part
of the benefit of an auction. If the bidders ampi@te that the seller can modify the rules of the
game, then bidders will take this into account whiggy determine their bidding strategy,

which may be costly for the seller and/or may lotiner efficiency of the bidding mechanism.

Nevertheless, the indetermination of the selleraserve prices shows his difficulty to
estimate the value of a lot.

During a sale, bidders are not interested in el@ryEach bidder has a more or less
precise demand about species, volume, and qudliiys, the number of bidders for a
particular lot is fairly small and it is quite usulat there is only one bid or even no bid at all.
Besides, bidders are asymmetric: they have diftegeals (sawyer, merchant, etc.), different
business sizes, different needs and different iloaiadns.

2.2 Heterogeneity in timber auctions

At harvesting time, the ONF does not choose theadheristics of the products. It has
to sell what came out of the forest, which is hegeneous by nature. Thus, lots are
heterogeneous (different from one another), buy thee also made up of heterogeneous
wood. In particular in standing wood sales, a layntontain many species of different
diameter and of different quality. Auctioning suelproduct raises the problem of the optimal
lot composition. The successive auctions corresgondifferent lots, but there might be
interrelated. Some lots may be close substitutes.tli® contrary, others may present
synergies. For example, it may be only profitalblesome buyers to harvest two or more lots
that are close to each other.

Taking into account the heterogeneity of the la@ises many practical issues. First,

although there is a catalogue published befores#ie that detail the characteristics of the
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lots, potential buyers visit themselves the lotsytmtend to buy. Moreover, since bidders are
not guaranteed to obtain the lots they want, theyehto prospect 5 to 10 times more lots.
That leads to non-negligible prospecting and egtomacosts for the bidders. These search
costs, which are directly linked to the heteroggnei the product, are wasteful from a social

perspective. Reducing the cost of preparing arbttmber auctions may increase the number
of bidders. It is then possible that the seller lddae better off sharing all the information he

has. Anyway, the seller also needs to assess eextipras possible the value of any given lot

So as to define a relevant reserve price.

2.3 Unsold lots and their negotiation

An interesting feature of French timber auctionghis high percentage of lots that
remain unsold at the conclusion of the sale. Thegmtage of unsold lots can reach 50%.
This raises questions about the adequacy betweesuibply and the demand and about the
relevance of the auction mechanism. If supply edsedemand, an auction sale does not
seem to be a priori the best procedure to maxirtigerevenue of the seller. We may also
think that reserve prices are too high, or thatsésguential aspect of timber auctions does not
allow an efficient allocation. For example, somddars may neglect first lots in order to

reserve themselves for following lots.

The importance of unsold lots and the intuitionttha efficient allocation may be
difficult to reach with sequential auctions of lregeneous goods lead the ONF to negotiate
the unsold lots. Although that practice aims taumdthe number of unsold lots, it may have
a non-negligible impact on the auction results. ually, bidders may anticipate the
possibility to negotiate unsold lots and adaptrtb&lding strategy, which may be bad for the

seller.

Some lots receive no bids. This fact is particyldeplorable in an auction and seems
to show a priori that such lots have no demand. Nawne of those lots are nevertheless
negotiated after the auctions. This fact suggesasynstrategic actions occur during the
auctions. For example, a potential buyer who skas there is no bid for a lot may not
propose a price so as to keep his private infoonaind let the seller think that his lot has no

value in order to start the negotiation with an adage. To sum up, the practice of



negotiation after the auctions and the non-commitnie reserve prices may have important

conseqguences on auction results.

3 Data

The data set we use in this article is part ofda&a collected by Costa and Préget
(2004).

3.1 Fall 2003 Lorraine timber sales

The data set of Costa and Préget (2004) relieheratiction results of the ten Fall
2003 timber sales of Lorraine, a Region of theezagpart of France. During those ten sales,
2262 lots have been put on sale between Septerfiban® October 28 2003, for a total
volume exceeding 1 million cubic meter¥mwhich is about 750 000 hstem volumé That
volume is composed of more than 80% by the prin@pacies, which are the oak (20%), the
beech (30%), the fir and the spruce (30%). Thueetigea relative homogeneity in the total
supply. Nevertheless, it is not necessarily the @ghe lot level. Actually, lots may be very
heterogeneous and made up of many species. Codt®raget (2004) propose to use the
Herfindahl index so as to measure that intra |o¢fogeneity’.

Since there are many differences between hardwaddsaftwood valuatioris we
select only pure hardwood lots, i.e. lots thata@mmposed of more than 99% of hardwood.

2 Stem volume is the total volume minus the volurhihe crown and the coppice.

% The Herfindahl index is the sum of the square m@proportion of each species. Here the numbepediss
is limited to 7, then the Herfindahl index variesri 0.14 to 1. The more homogeneous is the lotclibwer is

the index to one.

* We have first tested the stability of the hedopiice function for the different types of lots. Aftest
indicated us that the price functions were differéar Hardwood (1205 lots), Mixed lots (370 lotshda
Softwood (687 lots).



Out of the 1205 pure hardwood lots put on sale, 26%e from domainal forests and
74% from communal forests. Moreover, only 48% e@f libts are put on sale for the first time;

thus 52% of the lots correspond to previously whsats.

At the end of the auctions, lots may be first dfees$ according to the auction results.
A lot sold during the auction is said to be “auc@d”, whereas the others are what we call
“unsold lots”. The total percentage of unsold lotsthe ten sales is 45% and shows a

relatively difficult wood market conjuncture in therraine area during that period.

It is useful to distinguish between lots that goe @r more bids but have nevertheless
been withdrawn by the auctioneer and those thahgdiid at all, referred to as the “no bid”
category. This first distinction corresponds to thietermediate status”. A second
classification, referred to as “final status”, degmses unsold lots in two other subsets: the
“negotiated lots”, i.e. sold by negotiation aftke tast sale on October28nd the “not sold
lots”, which are still unsold at the end of theesshmpaign arbitrarily fixed to December'31
2003, more than two months after the date of thiesale.

Table 1 is a synthetic way to present sale reshitice that a non-negligible number
of lots without any bid (28) are nevertheless nieged (they represent 27% of the negotiated
lots), besides, most of the withdrawn lots (77%naer unsold at the end of the sale
campaign. 62% of the unsold lots remain so becthesseller has withdrawn them and 38%
did not receive any bid. Nevertheless, 20% of tids®unsold lots are then negotiated.

Table 1. Lot repartition according to their status

: Final stafus Sold lots Non sold lots Total
Intermediary status Auctioned lots| Negotiated lots
Auctioned lots 695 (58%) 695 (58%)
Unsold lots Withdrawn lots 74 (6%) 244 (20%) 318 (26%
Non submitted lots 28 (2%) 196 (14% 192 (16%)
Total 695 (58%) 102 (8%) 408 (34% 1205 (100p0)

3.2 Database

The database of Costa and Préget (2004) includes than one hundred variables
that represent a large part of the information igivethe catalogues. It also contains private

information of the ONF (harvesting conditions, qtyabf the lot, secret reserve price), data



about the auction results (the amount of each hitithe identity of the bidder, the auctioned
or the negotiated prices) and computed data (Heafihindex, density, prices in*n This
database is particularly rich since it contains moily detailed information on lot
composition, but also a lot of information on sutied bids associated to each lot. Moreover,
it is an exhaustive database since it containthallstanding timber lots from public forests
put on sale in the region during the fall of 2003.

The following two tables give summary statisticssafiables used in our econometric

study.

Table 2. Descriptive statistics for binary variable

Variable Mean
No restrictions 0,3718
Cutting
arranged cutting 0,5270
other cutting 0,0440
selection cutting 0,0108
accidental products 0,0274
regeneration cutting 0,3909
Previously unsold 0,5178
Harvesting conditions
easy logging & extraction 0,2722
normal logging 0,5876
difficult logging 0,0274
difficult logging & extraction 0,0797
very difficult logging & extraction 0,0315
Mitraille (scrap-iron, grape-shot from the first sebwar)
no mitraille 0,7743
light mitraille 0,1369
average mitraille 0,0598
heavy mitraille 0,0274
Negotiated 0,0846
Stand, crop
high forest 0,2971
conversion of a stand 0,6241
coppice forest 0,0058
coppice with standards 0,0730
Landing area
unarranged 0,8041
arranged 0,1593
none 0,0365
Domanial estate 0,2589
Quality
very good 0,0407
good 0,3485
normal 0,4564
mediocre 0,1261
bad 0,0266
Sales
sale 1 0,0988
sale 2 0,0083
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sale 3 0,0705
sale 4 0,0680
sale 5 0,1801
sale 6 0,1635
sale 7 0,0008
sale 8 0,1884
sale 9 0,0000
sale 10 0,2216

Table 3. Descriptive statistics for continuous vagdbles

Variable Mean Std. Dewv,. Min Max
Surface (in hectare) 12,41 10,38 0,20 104,04
Number of trees 238,27 205,61 21 2254
Number of poles 267,07 663,76 0 11366
Herfindahl index 0,6007 0,1949 0,3337 1,0000
Stem volume of the mean-tree 1,0623 0,7314 0,0596 0,719
Oak volume without crown 94,51 115,98 0 859,98
Beech volume without crown 136,83 164,09 0 1365,80
Other hardwood volume without crown 67,66 97,2b 0 838,6
Crown hardwood volume 166,67 153,64 0 1196 47
Coppice volume 0,33 5,39 0 153,83
Relative order of the auction 0,50 0,29 0 1

Next, all continuous variables are put in log exegpiables define in percentage such

as the Herfindahl index and the variable used ve the relative order of the auction in the

sale and the stem volume of the mean-tree.

40% of the sold lots are sold at a price lower ttienseller reserve price (36% of the
auctioned lots and 72% of the negotiated lots).s€higgures show that the seller does not
commit to a credible reserve price and takes hgssam to sale or not at the last moment.
Thus, the reserve price of our data set has na slgaification. According to Table 4, lots
that were negotiated above the reserve price adgived few bids compared to the other
lots. Since the seller is not required to reveal gbcret reserve price when no bid has been
submitted, it is possible that some negotiateddogsstill sold above the reserve price. On the
contrary, when bidders know the reserve price ofuasold lot (because it has been
withdrawn), this lot is rarely negotiated at a prlagher than the reserve price.
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Table 4. Number of bids according to the auction rgults

Number of lots Average number of bids
auction price< reserve price 253 3.82
auction price > reserve price 436 4.34
negotiated price& reserve price 73 2.66
negotiated price > reserve pride 22 0.14

4 Methodology

1.1 Hedonic prices

Given that lots have objectively different charastécs, we can apply the method of
hedonic prices that decomposes the price of difteated producty into a set of implicit

prices associated with its characteristics x

Vi=pX)=FGixit ...+ Lcxk+ 4

where indice$ andk respectively correspond to lbfl =1, ...,L) and to characteristids(k =

1, ...,K) and wheref is the implicit price of characteristic and & is an unobservable
component. These implicit prices result from mar&qtilibrium and can therefore not be
interpreted as willingness to pay of the biddeee Rosen (1972) and Epple (1987).

4.2 Sample selection

Assessing the impact of the heterogeneity of aioits auction price is complicated
by the fact that a large number of the lots are sudl and that the reserve price is not
communicated to the bidders before the auctionc@sider two cases: the lot is sold during
the auction (with a price above or below the seoeserve price set by the seller) or it is
unsold. If the reserve prices were announced (#sitJS), we could apply the Tobit model,

which is:
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[ yI=XB+e

L y=max{0,y}

where Y'is the auction price minus the reserve pri¥eis the matrix of explanatory variables
ande is the unobservable component. Howeverdfiectivereserve price is different from
the reserve price stated by the seller since inynesases the seller sold lots for which the best
bid was inferior to the declared reserve pricethils case, it is more relevant to apply the

sample selection model of Heckman. The selectiomton is:

( 1 ifW2=X[32+€2>O
| 0 otherwise

where w represents the value of the lot minus the effectandom reserve price. In the

second step, we observe the auction prigegrythe sample of lots sold during the auction

yi=XB1+& ify,=1

This model can be estimated by the method of maxiriikelihood if we assume that

the unobservable variables; &nde,) have a bivariate normal distribution.

Computing the partial effects are complicated bg thct that some variables that
influence the probability of a lot to be sofuy, = 1), also influence the auction pritE€or a

continuous variable, the partial effgitcan be computed from

E(u | X, Y2 =1)=x B+ 4 &x B2) / &x B2).

® We use the difference between the auction pricetla reserve price to take into account of the thaat the

truncation level varies from one lot to the other.

® STATA only computes marginal effect at the mearihef sample and treats binary variables as coniguo
Partial effects computed in this way did not retaemsible results. Partial effects computed in $kistion are
easier to interpret.
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Thus

P = OE(Yn | X, Y2 = 1)I0%k = SBuc + Wi [¢x1 B2) (X1 B2) Box DX B2) — F(xi B2) B
| @%(x B2)

= L= W Lac Al B2) [xi B2 + Alxi B2)]

whereA(Dl = ¢Xx B2) / &(xi B2) is the inverted Mill's ratio. The average paraékct is simply

obtained by taking the mean across observations:

(L) 2 Bik = W Bak AC B2) [x1 B2 + A B2)] (=I..,L)

For a binary explanatory variablg, the partial effect is simply given by

Elyu | %, Y2 = 1,le =1)-EWyu | X, Ya= 1,X|j =0)
=L+ W [AXBor + ..+ By + .+ Xk Box)
—AX1Bor+ ...+ Xj-1Boj1 + X1 Pojr + o F Xik Box)]

The average effect is again computed by takingrtban across the lots. Formulas for
the standard errors of the partial effects can bwioed by the delta method but are
cumbersome to compute, and thus are reported ieAgpp 1.
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5 Results

5.1 The hedonic price function for hardwood lots in Frexch public auctions

First, we apply the previous methodology on au@tblots only. To take into account
the fact that some unsold lots are negotiated atethd of the sales, we use the same
methodology to estimate the price function of nedet lots. An F-test indicates that there is
no significant difference between the price functfor the auctioned lots and the negotiated
lots. Thus, the implicit price of each characterigt the same if we look at auctioned lots or
negotiated lots. This result shows that our hedgmice function is robust to the selling
method and that we can analyze auctioned and r¢gwtiots together in our regressions.
Table 5 gives the implicit prices of the charastiecs of hardwood lots. The dependent

variable is the log of the sale price.

Nevertheless, the ordinary least squares regressiosale prices with a binary
variable for the selling method (1 if the lot hasebh negotiated, O if the lot has been
auctioned) shows that this variable is signific@itthe 10% level with OLS and at the 5%
with Heckman procedure). In Table 5, the coeffitien the selling method dummy indicates

that negotiated lots are sold between 10-12% kess ductioned lots.

The first two columns give the coefficients estiathtby ordinary least squares
(ignoring sample selection issues) and the standaats. The next two columns give the
estimation results obtained by the Heckman metlmmgolusing the method of maximum
likelihood. The partial effects are either the mesiied coefficient if the variable does not
appear in the selection equation or the expressibtened in section 4 and Appendix 1 for
variables that also influence the selection pracklss selection equation indicates the factors
that influence whether a lot will be sold or not.

Table 5. Estimation results for hardwood lots

oLSs Heckit Partial effects
Variables Coeff. Std. Err. Coeff, Std, Err, Coeff. Stdc.E
No restrictions -0,0787 0,0409 -0,0760 0,0380 -0,0760380(
Cutting (ref. arranged cutting)
other cutting -0,2466 0,0850 -0,1766 0,069 -0,17667&R(
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selection cutting
accidental products
regeneration cutting
Previously unsold
Harvesting conditions (ref. normal)
easy logging & extraction
difficult logging
difficult logging & extraction
very difficult logging & extraction
Herfindahl index
Number of trees
Number of poles
Surface
Other hardwood vol. without crown
Oak volume without crown
Crown hardwood volume
Beech volume without crown
Coppice volume
Mitraille (scrap-iron, grape-shot from
the first world war) (ref. none)
light mitraille
average mitraille
heavy mitraille
Negotiated
Relative order of the auction
Stand, crop (ref. other)
conversion of a stand
coppice forest
coppice with standards
Landing area (ref. non arranged)
arranged
none
Domanial estate
Quality (ref. normal)
very good
good
mediocre
bad
Sale (ref. sale 1)
sale 2
sale 3
sale 4
sale 5
sale 6
sale 8
sale 10
Stem volume of the mean-tree
Constant

0,1815 0,3010 0,7208 0,2Y74 0,284280¥

-0,1139 0,0630 -0,48 0,0558 -0,1377 0,0558
-0,2008 0,0873
1,3293 0,1536 1,0947 0,1566 1,3616 (174

0,4941 0,0436 0,4731 0,0457 0,5204 0,0689
-0,0121 0,01 -0,0027 0,0177 0,0160 01,05

0,0560 0,0345 0,0834 0,0381 0,0375 0,0623
0,0865 0,0201 0,07920182| 0,0792 0,0182

0,2317 0,01¢ 0,01951182 0,0834
0,0693 0,01 0,0155 0,05%8929
0,1294 0,0159 0,1127 0,014912Zr 0,0149

-0,0402 0,0545 -0,0558 -0,0558 1m,05

-0,1187 0,0588 -0,0921 0,0528 -0,0921 0,0528
0,2512 0,0558 0,1922 @0=0,1922 0,0509

0,0653 0,0463 0,0890 0,0%15 0,0618 0,0516
-0,0631 0,095 -0,0079 0,1044
0,0455 0,03 0,0480 8,047

0,2667 0,0774 0,2122 0,0734 0,2122 0,734

0,2032 0,037] 0,2005 0,0340
-0,1002 0,0529 -0,0289 0,0486 -0,0289 0,0486
0,0278 0,1080 0,0334 0,1181
-0,3034 0,22 -0,3586 0,2008
-0,0019 0,09 -0,0388 0,1013
-0,1688 0,08 -0,2126 0,0898
-0,1181 0,0845 -0,0895 0,0745
-0,2542 0,0775 -0,2278 0,0697
0,0988 0,0705 0,1159 0,0700
0,1651 0,07 0,1714 0,0707

0,5126 0,0468 0,5457 0,08/5457 0,0479
2,7755 0,1858 3,4716 0,1967 3,4716 0,1967

Selection equation

selection cutting
accidental products
Herfindahl index
Number of trees
Number of poles
Surface
Oak volume without crown

-1,3554 0,432
-0,7672 0,2569
1,0592 0,230
0,1879 0,080
0,0742 0,023
-0,1820 0,075
0,1693 0,0296
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Crown hardwood volume -0,1118 0,0289
light mitraille -0,0470 0,1078
heavy mitraille -0,2676 0,2299
landing area: arranged -0,1058 0,1060
landing area: none -0,2730 0,2024

Domanial estate 0,5691 0,0987
bad quality 0,2211 0,2286
sale 3 0,2411 0,1665
sale 4 0,4197 0,1616
sale 8 0,1333 0,10272

Constant -1,2949 0,3222

rho -0,9194 0,0217

sigma 0,5277 0,0192

lambda -0,4852 0,027(

R2 0,82

Obs. 797 1205

All unsold lots were previously unsold during apoeis sale. In our sample, all new
lots have been immediately sold during the auatioby negotiation. This is why the variable

‘previously unsold’ does not appear in our selecBquation.

The signs and the value of the implicit prices@kerent and intuitive, except for the
variable ‘no restriction’ for which the coefficierst surprisingly negative. The model explains

82 percent of the variance of the sale prices, Wwii@ good fit.
With respect to the main issues of the articlegerglements should be pointed out.

First, the coefficient associated with the inveriidl's ratio (lambda) is significantly
different from zero, which means that the samplecs®n bias can not be ignored for
hardwood lots. Accordingly, implicit prices obtathby ordinary least squares are relatively
different from the partial effects computed frone tboefficients estimated by the sample

selection model.

Secondly, the degree of heterogeneity of the IgniBcantly influences the
probability that a lot will be sold and its salecer Thus, concentrated lots with an Herfindahl
index close to 1 (in other words lots that are meterogeneous) have a sale premium: an

increase of 1% of the concentration index increéisesale price by 1.36%.

Thirdly, the coefficient associated with the relatposition of a lot in the auction is
significantly positive. This indicates that lotddsat the end of an auction have a higher price,
once we control for quality differences. This lestult implies that the decline in prices often
observed in sequential auctions is not presenumtimber auctions and that prices on the

contrary increase for hardwood lots. This coulddbe to cautious behavior of the bidders in
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the beginning of the auction and more aggresside bt the end of the auction before the
negotiation phase.

5.2 Tradeoff between few unsold lots and high reserverige

We now turn to the discussion about unsold lots #yedmechanism to set reserve

prices.

Among the 408 unsold lots, 22% had a highest bavalwur estimated hedonic value.
Moreover the seller sets a reserve price aboveestimated hedonic value for 53% of the
lots. These percentages indicate that the reseree pf the seller could be improved. This
could also explain why so many lots are sold ait@gdower than the reserve price.

Table 6. Comparisons with the hedonic value

Variable Obs Mean Std. Dev Min Max
Reserve price / hedonic value 1205 1,0910 0,4744 0,08384,4097
Auction price / hedonic value 695 1,0841 0,3968 0,1336 ,0260
Seller's estimated value / hedonic value 1205 1,2857 531 0,1761 5,4273
Negociated price / hedonic value 102 1,0808 0,4760 3424 2,5576
Best offer / hedonic value 1018 1,0480 0,4110 0,1336 2690
Probability of a lot to be sold 1205 0,6573 0,1610 0,04 0,9825

From table 6, we see that on average, reservespacetion prices, seller’s estimated
values, negotiated price and highest bids are albovesstimated hedonic values. This is
partly due to the fact that we take into accouatghobability of a lot to remain unsold in the
computation of the expected value. Indeed, theameeprobability that a lot will be sold is
66%, which means that there is a high likelihoodim sample that a lot remains unsold.
Nevertheless, the standard deviations of thesesratie quite large. It also worth stressing
that the estimated seller's value is off our hedomlue by almost 30%.Again, these
percentages indicate that the reserve price ageher could be improved

" Note that the estimated seller’s value does ruresent the seller’s reservation value since teerve price is
almost always fixed under that value. The estimatdlr's value is probably an estimation of thair'f market

value.
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Since many lots remain unsold it is important tetidguish between the revenue

raised during the auction and the implicit valuehaf unsold lots.

First we assess the “ex ante value” of the lotsgousale, which we evaluate to the

sum of the hedonic values of all lots. We get 12 840 €.

Second, we compute the “ex post value” for thees@lhich is the sum of the hedonic
values of the 408 unsold lots plus the sum of thke grices of the 797 auctioned and
negotiated lots. We get 3 422 988 € + 10 425 88018 848 868 €

As we have discussed, 303 lots have been sold b&lewhedonic value whereas 88
lots were not sold although there were bids abbee& hedonic value. So we can propose to
set the reserve price at the hedonic value andrtodf any negotiations after the auctions.
Under these assumptions, the ex post value is heveum of the maximum value between
the hedonic value and the high bid (assuming thatbidders do not change their bidding
strategy). In this case, 686 lots remain unsoldctviiepresent a value of 7 088 040 € and
only 519 lots would be auctioned for a total ret@p8 112 626 €. The total value reaches
then 15 200 666 €.

Although the auction revenue would decreased b2 254 € the new total ex post

value would increase by 1 351 798 £.

So, if the seller has to raise a minimum amounhohey, we suggest that he sets his
reserve price to a fraction of the hedonic valuasdo meet his financial requirements. We
can also use this strategy to ensure that a cdration of the lots will be sold during the

auctions: the lower the reserve price, the lowemiimber of unsold lots.

6 Conclusion

Using detailed data set on timber auctions in lineawe have highlighted the
importance of the heterogeneity of a lot on itst@ncprice. First, we have shown that the
hedonic price equation is different for hardwootsJanixed lots and softwood lots. It is
therefore necessary to group similar lots in ortlerestimate implicit prices of the
characteristics more precisely. Secondly, seveharacteristics of the lots significantly
influence the auction prices, which stresses thgomance of the inter-lots heterogeneity.
The existence of unsold lots does not seem toeanple selection biases for mixed and
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pure softwood lots. On the contrary, we have fotivad implicit prices of the characteristics
of hardwood lots are subject to a sample seledbias that we have corrected using the
Heckman estimation procedure. Thirdly, the most bgemous lots are sold with a premium,
while the most heterogeneous lots are sold at Ipwees. This results emphasizes the impact
of intra-lot heterogeneity. This result is compédealn the finding of Boltz, Carter and
Jacobson (2002). We can use our estimation resoltassess the opportunity cost of
biodiversity. Indeed, the policy of preserving biasity gives priority to lots with different
types of wood. However, our results indicate thathsa policy penalizes the wood
production function by reducing the value of thkde due to their heterogeneity. Lastly, we
have shown that the negotiated lots are sold atdgwices but the hedonic price associated
to each characteristic is the same that the onmasd on auctioned lots. This last result
leads us to suggest that the seller should foregbtiations on unsold lots and should use our
hedonic prices to determine better the reservee mfceach lot. Besides, our hedonic price
function for stumpage value gives interesting infation about the implicit price of each lot
characteristic for the optimal lot composition.
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Appendix 1

In this appendix, we report the formulas for detiive of the partial effects that can be
used to apply the delta method in order to comptendard errors. There ate;
characteristics that influence the probability tadot will be sold. We now assume that the

first K;' characteristics are continuous while the nexbarary. The derivatives of the patrtial

effects,px, with respect t@; are

[ 0 if j 2k
oploBy = 3 k=1, ...K,j=1, ... Ky

| 1 otherwise

Derivatives with respect {3, are given by:

o/ = (L) 2 (=14) {1(i =J) A(xi B2) [x1 B2 + A(xi B2)] +
Lo X (1= [X B2+ AX B2)] [X1 B2+ 2A(x B2} (I1=1,...,L)

For the nextK, — Ky' binary variables, the derivatives of the partiib&s with

respect t@3; are given by

[ 0 if j #k
oplof= 3 fork=Ky+1, ...K, andj = 1, ..., K.

| 1 otherwise
Derivatives with respect {8, are given by:
[ (L) 221y x5 A% B2) [x1 B2 + Alxi B2)] if k=] (=1..L)

opdoBy =
24



| otherwise

fork=Ky+1, ..K;andj =1, ..., Ka.

Finally, derivatives ofy with respect tg; are simply given by

(L) 2 ok Al B2) [X1 B2 + A(xi B2)] (=1..L)

for continuous variables and by

(L) 2 [AX1 B+ oo+ B+ o+ Xk B) — AXB+ oo+ Xij-1 51 + Xj+1 G + oo+ X )]

for binary variablesl (=1, ...,L).
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