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In reéent decades, salés oflpublicly'owned naturdl-resourcesbhave expanded
significantly.%. These sales have generated subsfantial revenues for the
.pub;ic sector, For éxamble, more than $5.7 billion aés paid for federal
éimbar and mineral leases ip 19§0 Rith staﬁes and coﬁhties éeceiving 8699
'ﬁillion of these funds throhgh revenue shaping arrangémehts,z In thoée
states and counties with large shares'of'federéily owned land, revehues-f;om
the sale of natural resources constitute an important paftvof toﬁal govern—
ment funds, State and 'county gdvernments in Oregoﬁ, for éxample, réceived
roughly $180 million from federal timber sales revenues in 1980,

Bgonomists have devoted éubstantigl research effort to stqdying the
environﬁgntal consequences aﬁd the competitiveness of alterpative sa;es

techniques. ¥

vThare has, however, been little attention paid to the potential
for extreme fluctuations in révenues as_‘a result of the "optiocn® nature of
bub;icvrésoﬁrce sales. FHhile economists‘have analyzed the revenue stability
of iﬁcome, exﬁise, sales, and vaiue added taxes,-we are unaware of a single
study of the pdtentiai instability 6? revenues from publicvresourcg sales“an&
the effects of this‘instability on state and local econom;es‘4

That this instability can have serious effects has been demonstrated: by

‘ recent eventé in the Pacific Northrest. Lumber prices in that region fell: by

' 1See Clawson (1983, Chapter ’3)'

o 2USDA, Report of the Forest Serv1ce, Fiscal Year 1980, énd USDOI, Publie

Land Statist1cs, 1980.

N

. 3see, for example, Hyde (1981), Johnsen (1979b), Leland (1978), MHcDonald
(1979), Mead (1967), Mead, Schniepp, and Hatson (1983), Reece (1979), Riley
and -Samuelson (1981), and Smith (1982).

*Boskin et al, (1985) demonstrate that the value of federal mineral
rights and land fluctuate greatly over time. They “do not, however, address
the:question of how different provisions of public resource sale and leas&
arrangements affect the stability of revenue flowus.



asimueh ésisd peréent in the early 19803;.‘s Pfi?ate operators who had
purehaéed cutting"rights to public.tiﬁbér in the late 1970s EQUnd themsél?ee
with obligatidné to pay pricés forvétumpaéé far_in excess of'its value‘.'They
. pesponded by .delaying harvesting. 6perations and claiming that unless relief
'from‘their contractual obligatiqns wérelto be gbaﬁted, massivé déf&ults ahd,
.widespr@ad bénkrupteieé mould be inevitable. The 1mpécts of these eavents were
widespread.. Half of the sawmills in thelwest either curtaiied Qperatgona or
shu§ down duriﬁg hosi of 1982; thevunémployment ‘rate'ih Ehebwood prodﬁéts
industry‘nas 22 peréenﬁ invbctober bf 1982; and thé value of féderal timber
havyested ink Hashingtoh and 'Orégqn. declined from' 3737‘ ;n 1979 to 32??
million in 1982, o N
| EIn responSG to thése problems,_publig agéncies‘havevinstituted cﬁanges:in
vthe;baaih vprévisions of their timber véales contracts 'that are designed to
pbeyené cdntract‘defauits and stabiliéé revenues, 'ﬁﬁfbrtunatély, the e??ects
6?;these‘changes on the bidding and cutting'behavior‘of fimber pﬁrchaseré,afe.
notiknawn with any degfee of cértainty. : in pﬁfticdlar, the 'eéfecté of
difﬂérent pdliciesvand provisions ;nﬁéugting behavior have ndﬁ béeﬁ subjected
té'éystémétic analysis. We provide such an analysis in this paper.

In Sectioﬁ I, we develop a model 6?1 timber contracting in which the bid
price and the probability pf»default» are endoggnous._.neﬁbegin the section

Jﬁithvan overvier of United States Forest Service timber sales contracts, then

?Rudérman (1982).

. %See "Reagan = Looks at NR Timber Troubles,” Seattle Post-Intelligencer,
March 6, 1983; "Timber Woes Crimping State Trust Funds," Seattle Post-Intel-
ligencer, October 22, 1981; "Future of Timber Relief Legislation Seems Dim, "
Great Falls Tribune, September 6, 1982; USDA, Report  of the Forest Service
(Fiscal years 1979 and 1982); and USDOI, Public Land Statisties (1979 and

1982).
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model the éffeqts of important feétures ofvsqéh"éohtraéts, apd conclude nith
a series of empirical propositions developed from the model. Ig‘Sectiun i1,
me present _éh empirical examination of cutting behavidr .on'?prest Service
timbér salés contracts. He Find general support for the.agalyﬁical approacﬁ‘
taken iﬁ the fibst seqtion and develop estimates‘ of the actﬁallimpact of
various policy c¢hanges that have been discussed fér contpolling the default
problems. | | |

B  Analysi§ of the Cuttiﬁg and befault Incentiveé
in Timber Contracting

The vai@e of the timber’on a tract of land‘ is subject to substaﬁtialv
uncgrtainty. In addition to thebuncértainty about ;he price of the harvested
logs, the quantity and qualit§ of the lumber ' products that can be produced
_ﬁfrom standing timber is costly to détermine. If the owner of tihber sells
£he§cutting right for é lump sum, the pdtential bﬁyers “‘have incemtives to
expend cohsiderabléb reséurées e?aluating the timber étand;‘ This prepuvchase‘
measurement expense 'ddés not increase the reécurce's vélue, and under

éompaﬁition, will be expectéd to reducé the seller's sale revenue.’ |
Sellers; df. timber can captﬁré the resource value that might be dis-
' sipated in exééésive brepurcﬁase measurement‘bﬁ offerinéuahtySe,of contfngent
sale, known aé é scalevéalé;h In ﬁhesezsales; tﬁeybu;er agrees on:a pricéﬂpér
unit of harveéted timber, The total . payﬁeht is then §ontingent on the
‘v:f'fquélity'ahd véluﬁe:gf‘harvégg‘which is *écaled"bcheaply during transpovtation

- to ﬁhe mill. Scale sales are the dominant sales technique of several

7See Barzel (1982) for an éxtended discussion of the pctential waste
induced by "excess" measurement incentives. See Johnson (1979a) and French
and McCormick (1984) for discussions of the effects  of presale measurement
expenses on sellers' revenues, ' ‘ ’



federal and state ééencies,-.and are aiso used by private tiﬁber sellers.
- 3imilar contingent sales contracts are used by public égénciéé and private
landowners td sell petroleum and minéral.rights. These'sales grévisiens méke
-the revenues from the sale depéndent‘ not only  on the 'actual’vblume of the
_resource, but aiso on purchasers' decisions concerning if and wheh t6 ?har-
yeat," Below we analyze in detail the ihcenti#es of the purchasers of United
States Forest Service timber to actually cut and pay for timber "purchased”

"in. .scele contracts.

v ?érest Service Timber Sales Prpcedures and Contracts®

fThe first stepktaken by the Fﬁrest Service in preparing a timbér tracfrfor—
s#févis to conduct an inspection>qp "cruise“ of the site. Informafio&zfrom
thfs‘crﬁise on the volume and Quality of timber and‘ on various phyéicai
réhéracteristicé of the tract is used to obtain an "appraised price.” 'fhis
vpfice is the Forest Service's estimate of current stumpage valuegr and is
| aigglthe minimumvﬁid they_will accept for the timberron thertr§¢t..Follc§ing
tﬁé completion of the cruise and abpraisal, the sale is advertisgd and é
pﬁblic‘auetidn is heid at which the trac£ is sol¢ to the higﬁést piddgr.'

Foreét Sérvicé contracts typically provide buyers nith two to fquf yeérs

ta:cohplete'harvesting operations, - Contract length varies directly with:the

_ 8The features discussed below are those that play central roles in
affecting bidding and cutting behavior. Actual Forest Service contracts are
considerably more detailed and contain numerous requirements and provisions
not described in this  section. Procedures, policies, &and provisions. for
Forest Service .sales are - detailed in the U, 3. Forest Service Manual and
U3SFS Contract Form 2400-6. : - ' :

N ?The term "stumpage value" refers to the net value of timber on the
stump, i.e., the difference between the value of the lumber products produced
from that timber and the costs of transforming standing timber into final
lumber products. ‘ : ' '
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voiume of tiﬁber on the tract and is geheﬁélly agreed to be éohsiderably
greater than the minimum time required to complete oéerations.‘°

Aith the exception of a relatively small cash deposit (currently 10
percent), purchasers pay for contracteﬁ timbef as they. cut. ﬂnder a flat
rate payment scheme, the per unit price offered by the winning bidder is the
- price he actually pays when he cuts the . timber. Some Forest Service con-
traets contain escalation provisions ‘(stumpage rate adjustment clauses)
speei?ying quarterly adjustments in the pdrchase price of stumpage in
response to changes in an index of éhe value of final lumber products,

| purchaser who does not complete harvestiné operations by the séheduled
termination date has two options. The firét isrto request a contract exten-
sion, Eiténsions are granted omly if a specified percentage of the adveriised ,
volume of timber on the tract has been ﬁarvested by the contracted term-
ination date.''  Hhen an extension is requésted, the Forest Service. re-
abbhéises the traét. If the hew estimate - of stumpage .value - exceeds the
original estimate, then fhe price paid‘ under the ekfension igs the new
estgmate pius the difference between the bid price and the’ original esti-'
mate., Otherwise, the price paid with an extensién is simply Ehe original bid
Jprice. |

. The second alférnativevﬁo harvesting is to defaglt on. the contract.

If a purchaser of a Forest Service cdntract defaults, the unharvested porticn

 1%gee, for example, Mead, et al. (1983, p. 16) and Dowdle (1983,vp. 26).

$1The normal requirements for extensions were. waived between 1980 and
9984 in response to purchasers' pleas for relief from adverse market con-
ditions. Between 1978 and 1980, the minimum cutting requirement was 75
percent. The policy in effect between 1971 and 1978 required extension
appiicants to have cut at least 50 percent of the advertised volume of timber
on their tract. Prior to 1971, there were no minimum cutting requirements
for extensions. ' '



of fhe traot is resold. The defaulting purchaser must pay damages equal teo
the administrative costs of the resale auction plus the difference between .
ths original bid (multiplied by the fraction of tme:tract net barvested) and

the bid when the tract is resold.'?.

ng apd Cuttine Incentives
.?wo intuitive prépositioné are 1mportant in understanding the incentivea
' cré&téd in séale sales by delaylng payments untll the timben/ is harvested
'.Firéﬁ, bid prices ®ill reflect aﬂy anticipated 1ncreases in stumpage valuas.
 $@@6&&, the purchaser in effect buys an option that includes ths alter-
natives ﬁf cutﬁing, extending, and defaultxng 13
To faeilitate the analytical model;ng of thésé features"of timber con-
ﬁraets, we make the following simplifying‘éssuhptions. “
 >1§i. Foréét Service timber aﬁctions:ave7competi£ive,
vfaz; ?fospectxve purchasers are risk ﬁéutral aﬁd'homogenéous' with respect
to both: production costs and. expectatlons ccncerning future stumpage

values.

43, The initial stumpage - value (So) is iknoﬁn with Ceﬁtaintyv by all
: buyers. FRe normalize by setting S, equal to one, ' . .

: ‘a-until recently, the Forest Service required no interest payments by
defaulting operators, even though the beceipts from the resale of a defaulted
contract are delayed until the winner of the resale auction harvests the
- timber. A poliecy ehange, in effect on sales ‘'since July {982, requires
defaulting purchasers to pay interest on the unpaid balance on thelr con-
tracts for half the resale contract period and for the period between the
initially specified termination date and the date that the resale contract is
awnarded. This modification increases the cost of defaulting, but still does
not cover all the costs resulting from .delayed receipt of the rebid.

. !37imber sales contracts differ .from standard options because the cest:
of not exercising the option varies with the realized value of the stumpage.
- In a standard call option, the cost of not exercising the option is zero
( because the price paid for the option is a sunk cost), regardless of the
end-of -period value of the stock or commodity. - Discussions of option .pricing
models for such contracts can be found in Copeland and Reston and Cox et al




44, The rate of growrth in stumpage values is a random variable (R) whose
density fumction, h(p), is symmetric around its meaﬂ'(p) and has a
nonzero variance, (02).“ The transformation of variables relating R
and the end of contract stumpage value (3) is 8 = So(1+R) = (1 + R},

A8. The expectation of bidders at the time of the initial sale is that

: (independent of the realized stumpage values at the end of the first
contract period) the distribution of random growmth rates in stumpage
values over subsequent contract periods is the same as during the
initial contract period. '

Cdntractual.arrangements for Forest Seryice flat rate pay~-as-cuat scale
sales are characterized in the follbwing manner. The purchaser of a timber
contract can elect to cut the 1tihber, defauit, or request an extension.
Assuming a positive expacted‘fate of growth in timber prices, this decision
Will tend to be delayed untjl'tha‘end of the initial contract period, If a
'purchaser‘elects to défault, the tract is resold and the defaulter pays .the

difference between hisgs bid price and the rebid price, plus any "fixed cost”

of default (D).'® Defaulting purchasers do not keep the difference if the

. ~ **Host of the timber sold by the Forest Service in the Pacific Northmest
is old growth whose rate of = physical growth iis zero, . Insofar as lumber
produced from o©ld growth has unique attributes, it is appropriate to analyze
this timber as a nonrenewable resource. Assuming (as seems reasonable) that
there are no stock effects associated with harvesting . old growth timber, then
stumpage values will increase at the rate of interest in equilibrium, See
Fisher (1981) for a review of exhaustible resource models. ‘

'%These fixed costs include the administrative costs of conducting the
resale, potential costs imposed by future noncooperative Forest Service
actions, and possible increased future contract costs from increases in the
price of performance bonds. The Forest Service will not sell a tract to a
purchaser who has defaulted and not paid the associated penalties. After a
defaulting purchaser has paid the specified penalties, he is again eligible
to bid for Forest Service tracts. He speculate that "noncooperative Forest
Service actions" may take such subtle forms as closer monitoring of a
purchaser' s compliance with his future operating schedules. '



rebid prieeA is greater ’than,:the"obiginal  bid. pricé.‘iMplyingvthaﬁ the

‘.'minimum,moaﬁvoﬁ default is D, '¢ v
o , ‘ ‘ S o ‘

A Peque&t for a contract extension is granted only if a’spaaifieﬂﬁ

portion of the timber is fivst  harvested; Iflan'extehsiOn'is granteﬂ,’the .

purehaser pays the orlginal bid price plus a ?fixed: cost” of extension

(E). 7 in addition, extenéions are granted ionly if tha pealized pvica7isi
below the bid price. *® | | o

Thé determination of equilibrium bid prices and harvest prabébilifies.on
flat réte contracts  can vncw bei deseribed. Supposé'a t#ﬁberﬁconé%act;is
purchased at a bid of B and at the end of the contract ‘the fealizédbatumpage
'value 13‘_3, if s 1s less than B, the loss from harvestlng, LH, gillfbe thatv
difference. Thus, R
-»(ia2  ’>:LH»= B-s

ir @éf&u;t‘is chosen, the loss, LD, xillybe:the .maximum of (1) thé fi3eé
costs of deféulting (D), ﬁr (2)_.D plus the difference betreen éﬁ@ éfigiﬁal
ﬁidmphiée and't;e regsale ﬁrice (B").. Thué, | | B | |

(ib) LD = max(B - B" + D, D)

- '%pecause the rebid price will include  expected increases ~in stumpage.
vaiue during the new contract period, the rebid price may exceed the original
bid even if the stumpage value at the end of -the initial contract period is
less than the origlnal bid. v , e

, ’7The Forest Service does not appear to 1mpose any aﬁditianal cos@s on
purchasers receiving extensions. through "noncooperative actions, " suggestimg‘
that E 1s cloae to zero, - : : ; :

“i*aThe Forest Service has no stated policy of refusing to grant exten-
sions if the realized stumpage value is above the bid price. This seenms,
 however, to be a reasonable approzximation because under the actual Forest
Service policy (of increasing prices to be paid for timber on extended
contracts under certain circumstances), purchasers ®mill not find it profit-
“able to extend if realized prices exceed bid prices by a significant amount,



If extension is chosen, any fixed costs of extension (E} are incurred and
the wminimum percentage (M) of the . timber must be cﬁt. In addition, the
contract must be completed by the end of the extension peried.*§ ?hé
expactedv loss on timber vremaining on the tract at that time wmill be the
present value of B -~ ES2 where ESz2 1s the expected end-of-extensicn-period
stumpage value. The "loss" from extending (LE) is therefore, ‘
(1e) LE = (B - s) + (1-M)I(B -~ ESz)/(1+i)]b+ E
where i is the rate of discount.

If the realized stumpage value is greater tham the bid price (s > B}, then
harvesting is—preéerred to defaulting because the geirs from harvesting are
: positi;e whereas .purchasers always lose at least D if they default. By
aasumption, extensions are not granted if s > B. Harvesting is therefore
ﬁhe;profit maximizing choice mith a net gain given by
(). GE=s-8

The present value of expected profit at the time a timber contract is
awarded is fhe discounted probability-weighted average of the gains or losses
(corresponding to  the optimal strategy) at each possible end-of-contract
~stumpage value. The discounted expected net revenues (En) are thus given by

: Seax
(3) Em = (1+i)7¢ S‘W(B,s,@f(s)ds

- Satn -
where f(s) is the pdf of .S, the end-of-initiél—contract-period stumpage
valge, #{B,s,¢) is the ‘net revenue corresponding to the profit maximizing

strgfegy, and ¢ represents a vector of policy parameters (the .rules of the

'?pgain, this characterization of extension policies represents a
simplification. In our data set, several contracts written in the 1960s
(before minimum cutting requirements ®ere in effect) received more than one
extension and rare instances of purchasers defaulting after receiving an
extension were found.



vi@;
-gaée‘ fér tné cohtr@cti and"factdrs .exogendus to the‘cohtréc;ing éroﬁeSs_
v (@.g.,»the rate of gboﬂth in stumpage values). | | |
| >We can rewsrite the eipfeésion fob  £hé expécted’ net }évepues from't§§‘ 
' eontéautvas | | o
" Saax O

(&) Ew = (s@i)".g GA( s, B, ¢)f€s)ds o

NEETIRN §3m1n{LH(s,B 0, LE(s, B, 3, Lp(s,s,¢>}f(s$és
- Smin_ T k R : o
bfThis forﬁ emphasizes that purchasers always harvest for vealizéd etumpage
valuea greatev than the bid price '» For stumpage valpeé less than the bid.
grice, they cheose the loss m1n1miélngéaétions}v> | | o o
| Under the assumptions of competition (A1) and pisk neutrallt§ (52), ihe
equilibrium bid prlce (B*) will be that bid price for 'which expegte@'prafits f
. are equal to zero. That is, | - » :
o Saau - ' Bx . _ o St
: (5)’v” 3 GH(S,B*,@)f(S)ds b g minfLﬂ(S,B*,¢),}LE(S,B*,¢),-LD(S,B*,@)}?(S)GS
R / B* _Sgin» = S SIS
o gifficulty in solviﬁg explicitly for B* is that the quilibrlum bld;
.dépends on the expected end- of extensxon period stumpage value if a purchaserb
chooses to extend, and on the expected rebiﬁ price if a purchasev chooses to
_default. The ;solution.to,this_aiffithty is embodied in (AS5) wh;ch‘implies_
that ESz = (1+4@)s and that the expected equilibrium rebid price mill be B'* =
v (é{sa)B* ; éB*;'vThat is,bif thé realized end-cf—confract siumpage Value is
10 percent greatér.fhan fhe initial:stpmpage value, ﬁhen;the‘rebid ﬁill Be %ﬁ

. percent greéter,than the origfnal.bid price.2°

- 207pe relationship between B"* and B* is derived in Rucker (Appendix A).
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Using expressions (1a) - (1ec), and (2), and the relationships among s, -

Bf %, and B*, the equilibrium condition, (5), can be rewmritten as

Saau B*
(6) S (s-B*)f(s)ds = S min{B*-s, M(B%*-s) + (1-M)(BX-(f+uls)/(i+i) + E,

max(D, B* - sB* + D)}f(s)ds

An obvions implication is that if E and‘D are large enough, it mill naver be
optimal tp extend or default, and the. equilibrium  bid price will be the
expected end-of;contract price. If D and E are sméll enough that defaulting
\Qr extending are optimél for some price ranges, then the equilibrium bid
price will be gréater than the expected futufe value of stumpége.21 In
this case, purchasers ®ill harvest if realizéd stdmbage values exceed the'bid
price and wili either extend or default fof all re#lizations less than the
bid price.22 Thus, if ﬁhé-realized sthmpage value iies betaeéh the expected
valué of stumpége ané the bid price, purchasers of timber sales contracts
will noﬁ exercise their option to harvest evén thoﬁgh 'bealized stumpage
vvalues‘exceed their.expected values at the time of sale;‘

4 number of testable proﬁééitions cbncerning fhebpropevties of equi-

librium bid prices and cutting probabilities .can be derived from the preced-

2170 see this, suppose initially that E and D are "prohibitively Eigh."

In this case purchasers always harvest and B* = ES = (1+p). If.E and D fall,
purchasers can reduce their losses by extending or defaulting for some end-
of-contract stumpage values, This . implies that expected profits will be

positive for a bid price of B = ES and that the new equilibrium  bid price
must be greater than ES. :

- 227That purchasers ®ill choose not to harvest for 'a11 stumpage values
less than B* is demonstrated by the following. From (1a) and (1c), LE - LE =

(=M (i-p) s=iBX}/(1+1i) - E, For Ex0 and p=i, "LE - LH = (1-M)L-iB*)}/{(1+i)
<0. oo . .



i2
ing framemork. Several of these, each Jaécompanied by. a bfiai Qisaussidn

designed to provide intuition for the result, are stated below. 2%

position A4 change in initial stumpage value will - rasult in an
@qual proportional change in the equilibrium bid price and no change in

, the probability of harvest during the initial contract period. v
Diseussiag° For a given distribution of expected growth rates, an lncrease
_in initial stumpage value results in an equal proportional increase in
the mean and standard deviation of the distribution of future stumpage
“ - values, Because this new" distribution - of ‘end-of -~contract stumpage
‘values is simply the original distribution with newly defined units of
- measurement, the solution for the. nes equilibrium bhid pvlce is the -
“same" im terms of its standardized distances from both the xnitial

" stumpage value and the expected future price. v

- Proposition 2: An increase in the costs of an extension, e.g., via an
' increase in minimum cutting requirements (M), will lead to a decrease in
_ the equilibrium bid price and an increase in the cutting probability. -
Discussion: Suppose extending is initially optimal for some end-of-contract
stumpage values.  An increase in the costs of extending will result in
negative expected returns at the original equlllbrlum bid price,implying
that the equilibrium bid must fall and that the probabllity af harvest
must'increase . . o .

 Propogition 3: An increase in the expected rate of growth in stumpage values
‘  {i.e., a variance-preserving. rightward shift ‘in the distribution of

. end-of-contract stumpage values) will increase the bid priee and reduce

 the imitial period harvest probabil;ty v -

Discussion: Suppose the expeeted .end. of coatract stumpage value increases'
from s to pp + k. If the equlllbrium bid price also increases by’ kK to

BA + k, then there is no change in the probablllty of harvest. However,

" in the absence of appropriate ‘interest charges for extensions_and

" defaults, a bid price of B* + k yields positive expected net revenues.
The equilibrium bid price must therefore increase by more than k and the

- 237he implications presanted below are limited to those that are tested
empiricaliy im 8ection II.. Formal proofs can. be “found | in an dppendix
avallable upon request- from the authors, aaditlenal prop091tiona can be
found in Rucker, ' a S S S

2%This assumes that the extension and default costs, E and D, are a
"fixed“ proportion of the stumpage value If this assumption is not agcurate
empirically, then Proposition 1 must be modified. For example, if E and D
are fixed in dollar value, such that they increase less than proportionately
with stumpage values, then bid prlces :are predicted to. lncrease more than
proportionately with increases in stumpage values and the harvest probabllity_‘:
uill fall, :
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probabiliﬁy;of cutting must fall as a rpresult of an increase in the
expected rate of growth in stumpage values,

Propogition 4: & proportiornal increase in the mean and standard deviation of
the distribution of end-of-contract sfumpage values will increase the
equilibrium bid price and reduce the initial period harvest probability.

Digcussion: Suppose the mean and standard deviation of the distribution
of end-of-contract stumpage values increase from He to ap, and F£rom Gp
to ag, (where a' > 1), If the .equilibrium bid increases to aB%, then
there is no change in the probability of harvest. However, in the
absence of appropriate interest charges for extensions and defaults, a
bid price of aB* yields positive expected net revenues. The equilibrium
bid price must therefore be greater than aB* and the probability of
harvest must fall. ” ’

‘Propogition 5: An increase in the level of uncertainty concerning end-of-
contract stumpage values (a mean preserving spread) has an ambiguous
effect on both the bid price and the initial period harvest probability.

Discussion: 4 mean preserving spread can be viewed as a proportional
inerease in the mean and standard deviation of the future stumpage value
distribution followed by a variance-preserving leftmard shift in that
distribution. From’ propos1tions 3 and 4 these two changes will havei
opposing effects on bid prices and harvest probabilities. L

Proposition 6: @ An increase in the duration of a timber contract may increase
or decrease the probability of harvest during the initial contract.
Corollary: If mean preserving spreads decrease the probability of harvest-

ing a particular set of contracts, then an increase in contract length
, necessarily reduces the probability of harvest.

Discuesion: An increased contract length can be represented by a combination
of a proportionate increase in the mean and standard deviation combined
®ith a mean preserving spread.?® Propositions 4 and 5 therefore gener-
ally imply an ambiguous effect on.the initial period harvest probabil- '
ity. If mean preserving spreads reduce harvest probabilities in a
particular set of contracts, then the effects descrlbed by Propos;tions
4 and 5 both act to decrease harvest probabilltles

Progosition 7: An increase in the dlscount rate (1) Wlll . reduce the inigial
period harvest probablllty

2370 see this, let Si¢ and Sz be the random end-of-contract stumpage
values for one period and two period contracts, respectively. By (44}, the
mean and standard deviation of Si are (1+p) and 0. By (84) and (A5), the
relationship between S2 and R is Sz = (1+2R+R?%). Assuming that R® =z 0, the
mean and standard deviation of Sz are (1+2u) and 20, The difference beatween
the ratios of the mean and standard deviation of Si; and S2 is

(1 + W/0 - (142p) /20 = 1/20 > 0

implying the result stated in the text.
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Diseussion: As a nonrenewable resource ®With no stock effects, the ezpected
rate of change in old growth stumpage values is equal to the rate of
interest in equilibrium, A& change in the rate of interest (i) therefore
regsults in an equal change in the expected rate of growth in stumpage
valueg (w), The remaining discussion of this proposition is esentiaslly
the same ag that of Proposition 3.

Propogition &: Forest Service stumpage rate adjiustment clauses have ambig-
_ uwous effsects on both bid prices and initial period harvest probabil-
ities, .

Discussion: For a given bid price, upward adjustment clauses reduce net
revenues during periods of rising stumpage values, whereas downward
adjustment clauses increase net revenues during periods of falling
stumpage values, The former effect will increase equilibrium bid
prices, while the latter causes them to fall, Similarly, {(for a given

. bid price) downward adjustments . may increase incentives to harvest
during periods of falling stumpage values, while upward adjustments
decrease the incentive to harvest during periods of rising stumpage
values, The net effects of these opposing influences en both bid prices
and harvest probabilities are indeterminate.

II., Empirical Effects of Changes in Policy Parameters
on Cutting Probabilities

The harvest-don’ ¢ harvest decisions by purchasers of public timber Saias
contracts fit into the framework of qﬁalitative response models.?® In this
application, the harvest decision is determined by whether the realized value
of the timber exceeds some “eriticél value” that is determined by tract
characteristics, contractual provisions, agency policies, the level‘iof
competition, amnd various exogenous factbrs.

The specificationm of the logistic_regression equation we use to explain
the decision to cut or not to cut is
{(7)  HARVEST: = @« + «¢SVZERO: + «2DISCRATE: + «3STDEV: + «x4CLENGTH: + «sSR&y

+ «sBETHING + €4

2%piscussions of qualitative response models can be found in Judge, et
al,,and Amemiya. In our empirical analysis, the cutting decisions of pur-
chasers are viewed as a dichotomcus choice.
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The definitions, empirical proxies, predicted effects, and sources for

. the variables in this regression are,

HARVEST,

SVZERO;

i

DISCRATE;

the probability that tract i is harvested by the initially
specified termination date. This variable is assigned a value of
one if the tract is harvested, zero otherwise. Source: USFS
Contract Form 2400-i1%9a (Report of Timber Sale Rate Redeter-
mination), : o

the stumpage value (per mbf) of tract i at the time of sale. The
prozy used for this variable is the Forest Service's appraised
price. From proposition 1, we predict this variable to have no
significant impact on cutting probability. Source: USFS Contract
Form 2400-17 (Report of Timber 3ale).

the annualized rate of discount over the initially specified

contract period of traect i. This is measured using the nominal
annualized interest rate on T-bills with sale and maturity dates
corresponding to the sale and termination dates of individual

" timber sales. Proposition 7 suggests that an increase in this

STDEV,

CLENGTH: -

SRa; -

EXTHIN; -

variable reduces the probability ¢f harvest. Source: Databénk
{P. Rao, University of Washington). : -

the. standard deviation of the distribution of end-of-contract
stumpage values for/a one-period contract. The proxy used for
this variable was an eight quarter geometrically declining
weighted moving average .of the absclute values of changes in
annualized rates of growth in lumber prices, As indicated in
proposition 5, we cannot :predict the direction of the effect of
this variable a priori. Source for lumber price series: Restern
Hood Products Association lumber price index for Dry Douglas
Fir-Larch. : : ; ’

contract length (in months). - Proposition 6 suggests that - the
cutting probability is ambiguously affected by the contract
length. Scurce: USFS Contract Form 2400-17. :

a 0, 1 dummy variable that is assigned a value of one for
contracts with stumpage rate adjustment clauses. From proposi-
tion 8, these clauses may increase or decrease the cutting
probability. Source: USFS Contract Form 2400-17.

a 0, 1 dummy variable thét is assigned a value of one for
contracts written after June 30, 1971 when & 50 percent ®inpimum
cutting requirement for extensions - ®as imposed. He expect this
pelicy change to increase the cutting probability (Proposition
2), :

To estimate equation (7)), we use :dataffrom 679 timber sales contracts

issued between 1965 and 1976 ini two national forests in the state of
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Washington, 27 Contraots Prom this period are chosen becaﬂae (ﬁ) cutt;ng

behavior was not affected by the "after the faot" modlfioatlons o? con" -;_"v

tractual provisions instituted in the early 19808,‘ and (2) tﬁO ohanqes in
‘oontraotual provisiona ‘and policies were made duving this peviod : stmmpoge
vato adsustment clauses were included in many contracts between ?QSS’Snd
1 ?96?; and the minlmumv cutting requirements for an extension were inoreased

,'sram.o -percent’to 50 peroent_in 19?1; o

Eégivioallaesolgg

xbéscripfivo'soatistios Por' fhe"daéao:aro prosented >im Toblev 4. %ho
: coefficient estimates from . the logistlo reoression are displayed in Tobla
2, 28 The Boodness~of - fit chi square statlstlc provides a"suomary measore of
fhéi’@xplanatory power of the mode;.‘ The value of thls statlstzo (37 2&)
31éa&§ to.the ijocﬁion of the nuil:vhypoth991s that the coeff;oxgnts on

?

the explanatory variables are jointly eoual to zero.?

27Because our model does not yield implications for non-competitive

sales, we exclude sales mith only one bidder from our data set. Our MQdel,;p"

is based on the equilibrium relation ‘betwmeen the rate of interest and the
expected rate of growth in stumpage values. In periods of adjustment to

exogenous shocks to the timber market, -this relationship may not hold. He

identify periods of deviation from long run equilibrium by estimating a

series of annualized expected rates of growth in nominal lumber prices (see

Rucker, Appendix B for details). Fe then delete sales for ‘which this proxy

has negative values from our data set. To control for the effects of addi-

tional factors on bid prices, the sample of sales analyzed is restricted to
scale sales with terms greater'than six'months'andvless than five years.

- %%pg also estlmated speclfioatlons that included a tlme series variable
and -a dummy variable to distinguish sales in different forests The esti-
mated coefficients on these variables were not statistlcally significant, and
their inclusion did not affect the 51gn1ficance_ of the other explanatory
variables._ : N SRR

. %%t a significance level of 5 percent, the critical value for this
test statistic is 15.5 See Judge et al., or Amemiya for a discussion of
‘this statistiec, » : : e S
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As predicted py'our analytical model, changes in initial stumpage values

( SYZERO) do not significantly affect harvest probabilities,  The negative
(and marginally significant) estimated coefficient on DISCRATE 1is also
consistent with our model's predictioms. This _suggests that an increase in

the nominal rate of discount (with a concurrent increase in the expected rate

of growth in stumpage values) reduces the cutting probability. The negative

estimated coefficient on STDEV suggests that a reduction in the expected

variability in timber prices increases the 1likelihood that a tract“will be

harvested by the scheduled termipation date.

The estimated coefficients on CLENGTH, SR4, and EXTHIN provide imnformation

on the effecte of policles that can be controlled directly by the Forest
Service,. Some public  agencies recently have considered shorteﬁimg the

duration of their timber contracts as a way of reducing speculative in-

centives and iﬂpreasing;har?est probabilities. *® The negative and marginally

significant éoefficient on CLENGTE im Table 2 indicates that reduced coan-

tracts do  increase the probability of harvest. This néqétive coefficient

provides support for the corollary to Proposi@ion 6. Thét=ié, \because thé

estimated coefficient on STDEV is negative, the model predicts that the

coefficient on CLENGTH wmill also be negative.
The Forest Service ‘recently reinstituted the use of stumpage rate

adjustment clauses in timber contracts on the west side of the Cascades, The

purpose of this policy qhange was to increase the likelihood of harvest. The

statistically insignificant coefficient on SRA in Table 2 suggests that the

inclusion of stumpage rate adjustment clauses has no significant influence on

3%3¢e for example, "Short-term Timber Pacts Under BLM Consideration,”
The Oregonian, January 14, 1984, - T
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harvest pre:ba?:a.{.‘li.t:ies,3a Finally, the estimated ‘coeffiéient onJEXTnlﬂj
_ indicates thaﬁ the imposition of minimum cutting requirements ?orfextensi@ns
: in i971‘increaéed the probability of ‘harvest during the initiéi contract
'glperiod. | |
-E$timatas of éhé impact of cganges‘ iﬁ the stgtisticallyvsignifieant
'explanatory.variables on the probability ﬁf hérvést aré shown in- the éinal
.qolumn of‘ Table 2. These indicate that a 10 percent increase in the nohinal
. discqunt rate reduces the probability of harvest by 1.4 percentage poi&ts;
that & 10 pebcent increase in expected;stumpage vaiﬂe variability reduces the
_probability of ﬁarvest by .57 pereentégelboints ; that a 10 parcent inerease
~ in contract length decreases the probability of harvest by . 50 percentage
péiats; ahd that the imposition of s 50 perdént minimum cuttihg reguirement

. im 1971 increased the probability of harvest by 12.8 pereentage peints.

conélﬁéions
:%é have developed én &nalyticaI: framerork for investig&ting.v&riéﬂst
féééﬁreé‘of timber contracts. Ourkrframeéork models the end@geﬁ#@sfde-
teb&inétion of ‘the equilibrium bid: for the timber and the expected prgbf‘fi
ability that the comtract will be culfilled by the specified termination
daié. Our empirical analysis focuses on fhé likelihood that the épntraetéb

varezfulfilled,kan issue that has been neglected by. other researéﬁérs,‘..,

: 3‘The stumpage rate adjustment clauses included in Forest Service
contracts in the 1960s stipulated symmetrié upward and downward adjustments
{50 percent up-50 percent down) in prices to be paid for stumpage in response
to changes in indexes of lumber values, The stumpage rate adjustment clauses
currently used by the Forest Service.  call for asymmetric adjustments in
stumpage payments of 50 percent up and 100 percent down. These differences
in past and present stumpage rate adjustment clauses suggest that caution
should be employed in using the results of our empirical analysis to predict
_'the.efrects'of this recent policy change. ’ ' : o
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Recent events in the Pacific Northwest suggest that extensions and de?aults
on federal contracts can havé §ignificant‘impacts.on governmgnt fevemues and
alse on the ﬂértunés of timbeb oompanies‘and-cemmuniti@s whose economies
rely hea&ily on income from publicl& owned natural resources.

>0uf empirical results> provide insights_ into. the dimportant Factors
influencing the decision to fulfill or not fUlfil; Forest Service timber con-
tracts. Our estimates of the impacts of policy variables indicate that
iﬁcreased minimum cutting - requirements for extensions, reduced coatract
lengths, and stabilization of timber prices increase the fulfill rate on
thesé‘ contracts.  Our results do  nqt prbvide( support’for the view that
stumpage rate adjustment clauses increase'the probability of harvest.

. One message ?rom our analysis is Vthat the study of revenue impacts :
of :different management policies» for publicly oéned natural resources
réquires éetailed knowledge of the structure 05 the saleé_contraets for the
different reéources. Government oil and mineral leases, for example? have
features of option contracts. The possibility that the value‘of these rights
may fali suggests thét "defaults" may also occcur on‘tnese>contvaets. . The
poﬁential for such and fhe‘impaqts of alternative contractﬁal arrangements

.can be determined only by analyzing the features of the partipular contracts.,
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Tabie 1
Descriptive Statistics

Standard
HMean Deviation Hinimum Hazimum
HARVEST . 823 . 382 0 . 4
SVZERO 40.0 25,8 2.15 1486
DISCRATE 6. 41 1, 24 4,01 . 9. 09
STDEV 31, 4 17.7 . 7.92 67.7
CLENGTR 27.9 12. 4 : 7 60
Sha .138 . 346 0 §
EXTHIN . 521 . 500 . o 1
Table 2

Determinants onHarVest Probabilities
on
Foregt Service Timber Sales Contracts

% change in probability _
: : of harvest due to 0%
BExplanatopry goefficient asymptotiec . change in ezplanatory

Yariable gstimate t~ratio P-value® variable?
Constant 2. 88 4, 419 .00 -
SYVZERO . 003 .58 S .58 ——
DISCRATE -, 165 ~1. 49 .07 -1.4
STDEY -. 014 -2, 05 .04 -, 57 :
CLENGTH -, 014 -1, 56 ‘ .12 -, 50
3RA . 259 .71 .48 e
EXTHIN .912 3. 51 . 00 12. 8%

Goodness of fit chi-square = 37. 24

Number of observations = 679

Sample period: 1365(1) - 1976(2)
‘p-value indicates the minimum level of test significance for which the null
hypothesis that the coefficient 1is zero (one-tailed test for DISCRATE and
EXTHIN, twmo-tailed test otherwisel is rejected,
27he predicted probability of harvest on tract i is p; = (1 + expl{~Xsa}3~?}
where X; is the vector of explanatory variables for tract i. The marginal
effect of & change in Xix on the probability of harvest is ﬁﬁg/éXau =
ﬁi(%°§s)§k. Hith the exception of EXTMIN (see below), the figures in tChis
column are calculated as a1§k(661/6x1k3, where %x is the sample mean of X
and-ﬁ; is evaluated at the sample means of the explanatory variables. :
‘Because EXTMIN is a zero-one dummy variable, this figure represents the
effect on the probability of harvest of a change in minimum cutting require-
ments for extension from 0 to 50 percent., This effect is calculated as :
the difference between the predicted harvest probabilities when EXTHIN = 0
and when EXTHIN = 1.



Appendix

This appendix contains proofs of the propositions stated and discussed
in section I. The assumptions made to facilitate the develcpment of the
model are stated in Section I and will be referred to occasicnally. To
reduce any potential confusion concerning notation, we define the following
variables: :

R = the rate of growth of stumpage values over the initial contract
period. R is a random variable.

the probability density function of R. R has mean, u, stardard
deviation, ¢, and minimum and maximum values of Rain and Reax.

h(r)v

S = end-of-ipitial-contract-period stumpage value. S, a random variable,
is related to R through the transformation S = S,({1+R), where S, is
the ipitial stumpage value of the tract. S. is observable and assumed
to be known to all buyers with certainty. He normalize by setting 3,
equal to one.

the probability density function . of S. S has mean, us = (1+p),
standard deviation, o0s = 0, and minimum and maximum values, Sesin and
Saax.

f(s)

Bf = equilibrium bid price.

¢ = equilibrium rebid price (in case of default).

Saau
EGs(B) = S (s - B)f(s)ds

B

= welighted average (for all s > B) of gains from harvesting.

. : B
EL.(B) = S min{B - s, M(B - s) + (1-M)IB - (1+p)sl/(1+i),

Sein

max(Ds, B - sB + D¢))f(s)ds

weighted average (for all s < B) of losses from harvesting,
extending or defaulting.

Propositions amd Proofs

Proposition 9: 4 change in the initial stumpage value of a tract will result
in an equal proportional change in the equilibrium bid price and ro change
in the probability that the tract will be cut during the initial contract
period. .

Proof: Suppose the initial stumpage value changes from 1 to k. Let Y (a
random variable) be the end-of-contract period stumpage value corresponding
to initial stumpage value k, j(y) be the p.d.f. of Y, and By be the associ-
ated equilibrium bid price. The transformation of variables that relates 3



and ¥ is Y = kS. To determine the relationship between B{ and B}, recaill

that By and B}" are defined as the bid and rebid prices such that

Yoax BY
(9. 1) g (y - BY)J(yv)dy = \ min{B} - ¥y
BY : Yain -

HOBS = 93 + C(1-M)(B} - (14w y)1/(141) + By,
maz(B§ - B}" + Dy, Dy)}i(y)dy
and that Bi and B:" are the bid and rebid prices such that
Saax | :H
(1.2 jg (s -~ Bslg(s)ds ® g min{B; - s,
B? ISein
MBS - 8) + [(1-M)(BT - (1+W)s)}/(1+1) + Eq,
max(Ds, Bi - B3" + De)}f(s)ds
where E, and Dy are the "fixed" costs of extending snd defaulting assoclated
with tracts whose initial stumpage value 1is k. The assumed relationships
between these fixed extension and default costs and those on a tract with

initial stumpage value of 1 are Ey = kEs and Dy = kbDs. v
Given the transformation Y = k3, the folleowing relationship holds

o b kb
(4.3} g z{s)fis)ds = % z(y/k) jly)dy
' & ka
(1,2) c&n‘therefore be rewritten as,
} Yean kBg
(1.4) (y/k - Bg)i(y)dy = S min{By - y/k,
- kBg . Yein
M(BE - y/k) + [(1-M)(B] = 1+ (y/K)1/Ci1+i) + By /K,
max(Dy/k, Bs - Bf" + Dy/K)}jly)dy
Factoring 1/k out of each side of (1. 4) gives

Yaaé ‘ kB3
(i.8) 1/k S (y - kB3) j(y)dy = 1/k"g min{kBy- vy,
_ kBE Y Yoin

MCKBY - v) + [(1-M)(KBY - (140 y)1/C1+1) + Ey,

max(kB} - kB{" + Dy, Dy)}3j(y)dy



Because B: and B:" solve this equation by definition, the problem in (1.9) is
solved by By = kBj and B}" = kB:!", Thus, a change in the initial stumpage
value results in a proportional change in the equilibrium bid price. That
the probability of cut does not change, is demonstrated by the following

. { Seax  { KSaax [ Yeax
(1. 86) fi{s)ds = S Hy)dy = S ity)dy
B 13:H By

Propogition 2: An increase in M will decrease the equilibrium bid price and
increase the initial period harvest probability. _ . .
Proof: This proposition can be proved with the following argument. Let BS
be the equilibrium bid for M = M, and E,, Suppose M increases to M. and the
equilibrium bid price remains . At that bid price, the expected gains
(for s > B3) are unchanged, but if it was initially optimal to extend over
some price rpranges, then the expected 'losses {for s < Bi) have increased.
This implies that the new equilibrium'bid price must be less thar B} and that
- the probability of harvest wmill increase.

Egognsitiag 3: & variance-preserving rightward shift in the distribution of
end-of-contract stumpage values will increase the bid price and reduce the
initial period harvest probability,

Proof: Let the random variable S be defined as above, and 1let 8 = S + a
{where 2 » 8). Let £°(s') be the p.d.f. of 8 and note that E{(S8') = u' = .y
+ a and Var(S8') = var(8) = ¢2. Similarly, let R® =R + a, h'(r') be the
density function of R', and ncte that E(R') =y =pn + a If me assume
that B' = Bf + a is the equilibrium bid price for 8', then

S;aax .
% (s* - B')If' (s')ds"

(3,1) EG(B)
: B’

and

(3.2) EL'(B")

B’ o '
S min{B'~ s', M(B'- 8") + (1-H)IB'~ (1+p')s'1/(1+1) + Eg,
Sain ’ o

max(Ds, B'- s'B' + De)}f'(s')ds’

Thegnéture of the relationship between S8' and S suggests that

- ) Saax . _
(3,3) EGBE) g (s - Bf)f(s)ds

Bl

Spaxta :
g (s’ - a=-(B - a)lf(s')ds
Bf +a

Saax ' |
\ (s' - B)f'(s')ds'
B'

EG' (B')



i.e,, if the bid price increases by a, then the expectéd gains are not
affected by this transformation. For realized stumpage values less than Bj,

]

- Bg ‘ : , . . )
(3.4) EL(B}) g min{B: - s, M(B - 8) + (1-M)IBF - (1+m) a8l /(1+i) + B,
- Snin . . . . B "7 )

max(Dgngﬁ - sB; + Ds)}f(s)ds

Bs +a S e

L= ,g min{B' - s', M(B'" - s')
Sainta ' )

T OI-MIBE - a - (i “a)(s ~a)3/(1+i) + Es,

max(Ds, B'- a - (S'-a)(B'~a) * D)3 (s )ds:

B' s .
% min{LH', LE' +_V,'LD' + w}f'(s')ds’
Swin )

where v and‘w can both be shown'fo be posit;ve{‘ implyin§,that;
(3.5) EL'(B') ¢ EL(BS) | -
and thérefore, that

(3.6) EL'(B') < EG'(B')

,Thué, the new equilibrium bid price must be greater than B'. For a bid of B
= By + 8, the probability of harvest is not affected by a variance preserving
shift., This is demonstrated by the folloring,

- Snex Swanta S;ax
(3.7) : f‘(s)dS='S f'(s')ds' = S f"(s)ds
: BS B} +a B

Bécaﬂse the new equ111brium bid price is greater than B', the probability’df
harvest must fall. v : , ' : -

Progasition 4: A proportional increase in the mean and  variance of the
distribution of end-of-contract-period stumpage values will increase the bid
price and reduce the ipitial period harvest probability. :

Proef: Let S be defined as above, let 8' = aS (where a » 1), ‘and let £'(s')
"be the p.d.f. of S'. This change in the distribution of future stumpage
values can be gensrated by a change in the underlying distribution of growth
rates (R). Recall that the transformation relating R and S is 8 = 1 + R,
Similarly, the relationship between S' and its underlying distribution (R')-
is 8 =1 + R'. It can be shown that the transformation between R and R’
that results in a proportional change in the mean and standard deviation: of

" 1This assumes that Saia > 0.



the normalized distribution of end-of-contract stumpage value is R = a(i+R)
- 4. Note that ER' = u' = al(i+p) - 1.

@Given the above, assume that the equilibrium bid price for S§' is B' =
aBi. Then,

{4.1) EG(BY

Saax
A (s - B)f(s)ds
Bs

aSmax
g (s8'/a - B'/a) £'(s')ds’
aBo

#

sﬂ&lﬁ

i/a S (s' - B')f'(8')ds' = (9/a)EG'(B')
B* .

and

]

: BS _
(4,2) EL(BS) S min{Bs - s, M(B} - s) + (1-M)IB} - (1+w8i1/(141) + E,,
Smin

max{Ds, B} - sBI + D,)}f(s)ds

aBsg
g min{B'/a - s8'/a, M{(B'/a - s'/a)
aSuin .

+ (1-M)IB'/a - (1+(p' +1)/a - 18" /a)1/(1+i) + Eo,

max(Ds, B'/a - (s'/a)(B'/a) + D) 3£ (s')ds’

il

B '
S min{(1/a)LA', LE", LD"}f'(s8')ds’
’ S;in

" where LE* > (91/a)LE' and LD" > (1/a)LD'.? Thus, if defaulting or extending
are optimal for some price ranges, EL(BJ) > (4/a)EL'(B') and EG (B} >
EL'(B'), implying that the equilibrium bid for S' exceeds aBg.

43 indicated by the following, for B' = aBi, the probability of harvest is
not altered by a proportional increase in the mean and variance

Suax 8Saan : S;an
(4.3) S f(is)ds = f'(s')ds' = £'(e")ds’
S -B: aB; B*

?he result that the new equilibrium bid price is greater than B' implies that
the harvest probability must fall, .

2This assumes, again, that Smin > O.
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- Proposition 5: A mean-preserving spread (mps) in the distribution of future
stumpage values has an ambiguous effect on both the bid price and the
initial period harvest probability. o o v
Broof: Let S8 be defined as above, let S' = (j+a)S - ap, (where a > 0} and
let £'(8') be the p.d.f. of 38'. Note that ES' = u, and that Var(8')
(1+a)?var(8) > Var(S). Mext, assume the equilibrium bid price for & is B'
(1+8)Bg - aps > Bi. Then, o .

SB&X
g (g - Bs)f(s)ds

5.9 EG( B2}
. B2

i

[(s'+ apg)/(1+a) - (B'+ ap,)/(1+a)lf' (s')ds’

' g(ﬁ-aassu ~ aMs
J(1+a)By - ap.

R

Saauv ) ' .
1/01+a) ( (s' - B')f' (8')ds’ = EQ'(B')/(1+a)
) B’ ‘ -

~ and.

Bs S
S min{Bs - s, MW(BY - s) + (i~ M)[Bﬁ - (1+p383/(1+13 + By

(5.2) EL(B})
! ) Sain

vmax(D., B: - sBY + D.)}r(s)ds

L]

min{(B' -s')/(1+a), M(B’-é')/(1+a)_

g(1+a)B. ~ aHs
(1+a)Sain — ape

+ (1-M)IB' +ap, - (1fp)(5 +aug)]/(1+a)(1+1) + Es» ,,;*

- maxl Ds, (B'+aug)/(1+a) - {s' +au.)(B'+aun)/(1+a)2 + Dgl}f'(s )ds"

B® - ’
= g min{LR'/(1+a), LE", LD"}f'(s')ds’

Sﬂd\#

where LE" = LE'/{1+a) + aE./(1+a) - {(1-M)(paps) /(1+a) (1+i) % LE'/(i+a), and
LD® = maxiDs, (B' ~ s'B' + D¢ + apg({1-B'ta(1-pg)-~s') + aDe)/{1+al)] ¥ LD /t1+a).
The ambiguity of the terms for the losses from extending and defaultiag
suggests that EL may be greater than, less than, or equal to EL'/(1ta).
‘The possibility that EL < EL'/(fi+a) suggests that the new equilibrium bid
price may be less than Bj, the original bid price.

As demonstrated by the foliowing, for B' = (1+a)Bi - aps, the probabﬁlity
of hapvest is not affected by a mean—preserVLng spread,

Saan (1+a) Smax v",auﬂ' ,Saau :
(5.3) S f(s)ds = g £ (s')ds’ £'(s')ds'

:H (1+a)Bs - aps B'



The result that the new equilibrium bid may be greater than or less than
B’ implies that the effect of an mps on probability of harvest is ambiguous,

Propogition 6: An increase in the duration of a timber contract may incrsase
or decrease the probability of harvest during the initial contract.

Proof: Let S and S8' be the end-of-contract stumpage values for a one period
and a two period contraet respectively., The relationship between S and R is
S = (1+R), while the relationship between S' and R is S' = (1+2R+R%?), Assum~
ing that R? = 0, the transformation of variables between S and 8' is 8
=28 -1, Let £'(s') be the p.d.f, of 8', Ms = 2us - 1 be the mean of.8',
and 0y = 20; be the standard deviation of S'. Assume that the equilibrium
bid price for 8 is B' = 2B - 1. Then : :

Snnx
(6..1) EG(B3) = S (s -~ B3)f(s)ds
B

230&)("1
= S (s /2 .+ 1/2 - B'/2 - 1/2)f'(s')ds’
J 2B3 -1

Seax

= g (s'/2 - B'/2)f'(s8')ds’ = (§/2)EG'(B")
B L

ang® :

BJ
(6.2) EL(B3) = 5 min{Bs - s, MBS - 8) + (1-M)IBY - (1+Ws)/(1+1) + E,,
‘ Sein
max(Ds, Bz - sBi + D¢)}f(e)ds

2B: -1
S min{(B' - s')/2, M(B'~ s')/2
2Sein—1

+ (I-MI(1/2)(B" + 1 = (1+m) (8" +1))/(1+i)] + Eq, -

max(Ds, (1/2)I[(B' + 1 = (s'"+1)(B'+1)/2) + Dg)}f' (3’ )ds’

]

BO
S min{(1/2)LH', LE", LD"}f'(s')ds’
Snin

where LE" = (1/2)LE' + [Es - p/(14i)1/2 § (1/2)LE' and LD" = max(Ds, 1/2(B' -
8'B' + Dol + 1/4[(1-8')(9~-B')] + (1/2)Dy § (1/2)LD'. Thus EL(BY) may be
greater than, less than, or equal to (1/2)EL'(B'}).

As demonstrated by the following, for B' = 2Bf - 1, an increase in
contract length does not affect the probability of harvest,

He assume for simplicity that one period extensions are granted for two
period contracts. ‘



Spnn 2S8aan -1 ) Snnx
(6.3) fis)ds = g f'(s')ds" = S £'(s’ )df
Ba 283 -1 B'

The rasult that the new equilibrium bid may be greater than, less than, or
aqual to B' implies that the effect of an increase in contract length has
an ambiguous effect on the probability of harvest.

Propogition 7: An increase in the nominal discount rate {(with a concomitant
equal increase 1in the expected rate of growth in end-of -contract stumpage
values) will reduce the-initial period harvest probability.

Proof: Let 1' = i + a be the new discount rate and ' = p.+ a be the new
axpected prate of growth in stumpage values. This effect consists of a

variance preserving  shift in the distribution of end-of-contract stumpage
values, combined with a change in the rate at which future costs and receipts
are discounted. = Assume that the equilibrium bid price corresponding to i°
and.py' is B = By + a, Because i enters only the extension expression, the
effects of this change on the gains and " losses from harvesting and on the
losses from defaulting will be identical to those of Proposition 3 (see 3.3
and .3, 4 above),. -

. To demonstrate that at corresponding stumpage values,® the original
logsses from eztension (LE) exceed the new losses from extension (LE'), take
the difference, : : R,

(7.4) LE - LE' = M(BS - 8) + (i-M)IBS - (1+m)s)/(1+4i) + E
- M(B' - s'i + (1-MEB' - (1+p') 8" 1/(14i") + E

Using the assumed relationships between i and i', g and u', s and 8', and ..
B and B', (7.1) can be rewritten as,

L]

(7.é) LE - LE' = M(B* - 8') + (1-W)IB" ~ a - (1+p'-a)(sg'~a))/(i+i' ~a)

- M(B' ~- 8'") 4+ (1-MIIB' - (1+p')s'}/(i+i’)

TkI{C1+i")[B" - a(i+y' -a)(s'-a)]l - (1+i'-a)[B' ~'(1+u')s'_]}

[kI{alp(1+i') + &' (i-p) + B'1} > 0%

where k = (1-M)/(1+i')(1+i'-a).  As shorn in Proposition 3, this result
implies that the new equilibrium bid price is greater than B', and that the
probability of harvest must fall.

-

*The stumpage value on the new distribution (s') that corresponds to the
stumpage value on the original distribution (s) is s' = s + a. These "cor-
respond” in the sense that the areas under the original and new p.d.f.'s over
corresponding intervals are equal,

S5This assumes that Spin > O.
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Proposition 8a: Stumpage rate adjustment clauses (SRA's) mith symmetric

adjustment clauses will have ambiguous effects on bid prices and imitial

periocd harvest probabilities.

Proposition 8b: An increase in the downmard adjustment factor in SR&'s will

increase the equilibrium bid price and decrease the initial period harvest

probability, ‘ . ,

Proposition Be: SRA's similar to those used by the USFS (i.e., with asym-

~ metriec adjustment factors of 50%up - 100%down) will have ambiguous effects on
bid prices and initial period\harvest probabilities.

Fga@awork for Proofs: In contracts with SRA's, the price purchasers pay'fam
their timber differs from the bid price by specified percentages of the
absolute value of the change in an index of lumber values between the sale
and. harvest dates. He make thrée'simplifying assumptions to analyze the
effects of SRA's, First, we assume that changes in an index of lumber values
perfectly reflect changes in stumpage values. Thus, the SRA's in our model
call for charges in payments in response to changes in stumpage values,

Second we assume that the Forest Service does not allosm purchasers to
extend if end-of-contract stumpage values exceed the adjusted payment price
a2 of the time of harvest (i.e., the current contract rate). This assumpticn
iz the most obvious extemsion of the earlier assumption that for “flat rate”
contracts, purchasers are not allowed to extend if the realized end-of--—
contract stumpage value exceeds the bid price. Finally, #e assume that imn
case of default, purchasers pay the difference between the current contract
rate and the rebid price (plus any fixed costs of defaulting), This assump-
tion corresponds to Forest Service policy (see USFS contract form 24400-6,
provision B9.4). ' :

Given these assumptions, the gains .from harvesting a tract whose contract
ineludes SRA°'e can be mritten as

(8.1) GH®"A = g - CCR

(8. 1a) s - (B} + Au(s - 80)) if s> Sy

where CCR is the current contract rate, Ay, is the specified "up" adjustment
factor, and Sy is the end-of-contract stumpage value above which the purchas-
er breaks even by harvesting. Note that with SRA's, if B§ > 8, there is a
range of stumpage values greater than B} over which purchasers will lose
money if they harvest. It can be seen from (8.1a) that

(8.2) Sn = (Bf - AuSe)/(1-4y)

If 8 < 3n, purchasers will choose the option that minimizes their losses.
The: losses from harvesting, extending and defaulting are, respectively,

(8.3a) LE®®" = B! + Au(s - So) -8 if So < s < Sa

= Bg + Ag(s - S¢) -8 if s < Sq

(8.3b) LE®®® = M(CCR - 8) + (1-M)IE(CCR2:8) ~- (1+p sl/(1+i) + E.

(8.3¢) LD®°R* = max (D,, CCR - B:" + Ds)
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where Aq 1is the specified "down" adjustment factor. E(CCR}:S), the exzpected
payment at the end of the extension period (conditional on the realized
end~of ~contract stumpage value), can be written as, - - -

i ) Qbax .
(8, 4a) B(CCRz:s) 'g (CCR2) gl g)dq

Qain
Sn o o ‘Qnau AR :
= ‘g {Bf + Aa(g-S.)}ag(q)dq + S {Bf + Au{q-S.)}glq)dq
. . Se : S

Qnin

where q'is the realization of the réndom vériable,o, the value of stumpage at
the end of the extension period, and g(q) is the p.d.f. of Q. The relation-
ship among Q, B, and s = 34 1is, x .

Q= Si(1+R)

For the case in which A¢ = &y = A, (B.éé)bcan be rerritten as,

. ) ) N . QB&K [ )
(8,4b) E(CCRz:8) = By + & g (g-S.)g(g)dg = B} + Al(1+ws = Sel
. . Qain . o i ‘ R

'~ We now use the preceding framework to demonstrate the effects of current
Forest Service SRA's (with asymmetric adjustment clauses) on Dbid prices and
harvest probabilities. The approach to proving proposition 8¢ will be to
derive the effects of (1) including SRA's with symmetric adjustment clauses
and {2) increasing the downward adjustment factor. Because the effect of
current Forest Service SRA's (with asymmetric adjustment clauses) can be
thought of as the sum of the effects of SRA's with symmetric (50% up-50%
down) adjustment clauses and an increase in the downwrard adjustment factor
{(from 50% to 100%), the proof of proposition 8¢ is complete once 8a and 8b
have been proved. P ' - : B
Proof - Proposition 8a: For the situation in which A¢ = Ay = A4, suppose the
adjustment factor is increased from A to A'. Suppose also, that we assume
the equilibrium bid price remains Bj3. This increase im the adjustment
factor has the following effects on the break-even harvest price and the
losses and gains from harvesting, extending and defaulting, :

(1) 83,/84 = [~(1-0)Se + By - ASe1/(1-8)?

= (B - s/t1-m% >0

i.e., an incresse in & leads to an increase in the realized stumpage value
above which the purchaser earns positive returns from harvesting. o

 (2) BgE®"%/3) = (s - S,) < 0 for all s> S

From (8.1a), GH®®* is only defined for s > Sa > S.. Thus, the "expected
- gains" from harvesting must fall as'a result of an increase in A. :
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(3) 9Lu®R4%,3,

8 - 8¢ >0 " if 8 > 3o

<0 if s < Se

(4) QLEPRA,8p = W(8~Se) + (1-MII(1+W) s - Sol/(1+1)

=0 if 8 = [(iM + 1)Se) /0 1+ptM(i-w1]

bt Ov if s » v : ‘ | "

<0 ifs ¢ " : "
(5) 3LpPR%/34 = ¢ if 8 % Sa

= (8 ~ Sq) <0 if 8 ¢ S

From (2), an increase in A results in & decrease im the positive
component of ezpected profits, It can be shown that for E =0 and p = i,
purechasers holding contracts with SRA's wWill minimize losses by extending or
defaulting for all realized stumpage values less than the break-even price
{3s). The relevant changes inr the negative portion of expected profits
resulting from an increase in A are therefore the changes in the losses from
extending and defaulting, The ambiguity of the sum of the changes in (4) and
(5) suggest that it is not possible to determine the direction of the net
effects on the equilibrium bid price of an increase in A.

In our framework, if SRA's are included, purchasers will choose to harvest
only if s » Sk, An increase in 4, .given %, leads to an increase in 3Sa.
However, because Sy is also a function of Bj and because the effect of an
increase in A on B; is indeterminate, the net change in Sy and in the
probability of harvest are also ambiguous,

Proof - Propogition 8b; Suppose the downward adjustment factor increases
from 44 to A¢ and that we assume the equilibrium bid remains B;, The
components of expected profits are affected as followrs

(1). 3gH®R*,8ay =0 for all s > Sh

(2): BLE®R%/8a, = 0 if Se < 8 ¢ Sa

i

]

§ - Sa ¢ 0 for all 3:< S,

(3). BLESRA/3a, = [(1-M)/(3+1)11 BE(CCR2: 8) /344) if Se ¢ 8 < Si

]

= H(s - So) + [(1-M)/(1+i)I[ (ECCR2:5)/3aq) if s ¢ So

(4). BLp¥R4,8p, = ¢ for all So < 8 ¢ Sp

=8 — 8. <O for all s < 8.

Again, because purchasers always prefer extending or defaulting to
harvesting for s < 8,, the effects of an increase in A4 depend on the
algebraic signs of (3) and (4). The latter. is unambiguously negative. The
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former depends on the algebraic sign of SB(CCR2:s)/98s. To determine this
sign, rewrite (8.4a) as

. Se ) Qmau »
(8. 5a) B(CCRa2:s) = By + g A4(q - Sa)glqldgq + Aulq - Sadalqds
. Qain Sa ) .

The derivative of (8, 5a) with respect to A4 is,

Sa
,g (g - Sedglqldg
Qain

which ie unambiguously negative., The algebraic sign of (3) is therefore also
unambiguously negative and the effect of an increase in A¢ is to decrease the
losses from extending and defaulting.. At the original equilibrium bid price,
expected profits will therefore be positive (for Aﬁ). implying that the
equilibrium bid price increases when Ag¢ is increased. Because an increase in
- the equilibrium bid price results in an increase in S (the break-even price
for harvesting) and because purchasers only harvest when 8 > Sy, the proba-
bility of harvest decreases, ~ :

Proof - PBroposition 8e: The effect of the introduction of a SRA clause with
asymmetric adjustment factors of 50% up-and 100% down is the sum of the
effects of the introduction of a symmetric (50% up - 50% down) stumpage rate
‘adjustment provision and an increase in the downward adjustment provision.
Because the effects of the former are ambiguous, the effects of the sum of
these changes will also be ambiguous. '

o






