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Abstract

We analyze the design of an environmental policy programhiclwagents are com-
pensated for the amount of environmental services theyiggowVe assume that agents
differ only in the rate at which they discount the future. €ipreference heterogeneity
implies that agents value specific environmental policiferéntly for two reasons. First,
differences in discount rates imply that agents differ iwlioey value a particular stream of
per-period benefits and costs. Second, decisions like has maunvest in abatement tech-
nologies or in land quality are influenced by time prefersnemd differences in specific
abatement technologies or land qualities can make enveatahprotection more or less
costly — and hence the stream of per-period benefits and iwastsliffer between agents
too. Contrary to conventional wisdom, we show that the cetepinformation menu of
environmental policy contracts can be incentive compatiblthe presence of information
asymmetries, and we determine the circumstances undehigis the case when in-
vestments are sunk at the time the government initiatesrvieoamental policy program,
and also when they can be adjusted.
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1 Introduction

Subsidies are frequently used by governments to achieveoanvental objectives — to stimu-
late firms to invest in abatement technologies in the presehadoption spillovers, to induce
farmers to supply nature conservation services on thed,latc. (Parry 1998, Engel et al.
2008). Participation in subsidy schemes is typically vtduyy and hence governments need to
ensure that the subsidies offered are sufficiently gendhaisll agents who should participate
in the program decide to do so — subsidies offered to thesgsgaust not be smaller than the
costs they incur when providing the environmental serviget the payments should also not
be too generous because raising funds for subsidy progrgrtally gives rise to efficiency
losses elsewhere in the economy — after all, one of the mastriaint sources of public funding
is the (progressive) taxation of labor incomes that disi@nong others, labor-leisure decisions
(Mirrlees 1971, Browning 1987, Ballard and Fullerton 1993)bsidies are thus not just mere
transfers from the tax payer to the agent, and hence the yoesrt faces a trade-off between
environmental benefits of a program and the associated @bdistortionary taxation.

Uniform subsidy schemes tend to be quite inefficient as tleegssarily result in overly gen-
erous compensation payments to agents who can supply thesteq environmental services
at relatively low cost. A menu of incentive-compatible qawts can be designed to mitigate
this inefficiency. Here, agents can choose from a menu ofdybshemes, where each scheme

(or contract) specifies the amount of environmental sesvibat should be realized, as well as

10f course, economists typically prefer taxing pollutioriamd conversion rather than subsidizing abatement
or conservation, yet for political economy reasons govemisitypically prefer subsidies over taxes. While taxes
would be able to trivially implement the optimum, we focushwow inefficiencies can be mitigated when agents
cannot be taxed.



the amount of compensation the supplier would then recéiVe design of these incentive-
compatible contracts has received a substantial amourttesft@n in the literature, and opti-
mal schemes have been identified that provide substarntieieaety improvements compared
to uniform subsidy schemes (Wu and Babcock 1995, 1&@sraro 2001, 2008). Still, two
inefficiencies typically remain. Low-cost agents (thattigse agents for whom providing en-
vironmental services is relatively cheap) are overcomgienisfor the services specified in their
contract (they receive so-called ‘informational rentsipd the amount of environmental ser-
vices required from the high-cost agents is distorted bé@complete information level (see
also Laffont and Tirole 1993, and Macho-Stadler and Perastililo 2009). To our knowledge,
all but one study (Arguedas and van Soest 2011) analyze #igrdef these environmental
schemes assuming that there is a single source of heterygtvat causes agents’ participa-
tion costs to differ — the efficiency of technology they usethe quality of their land. Some
production technologies are better suited to abate emissi@n others (for example because
they are more energy efficient), and hence the technologgeénisia firm characteristic that
affects whether a particular firm is a low-cost or a high-aister. Similarly, whether or not
a farmer is a high-cost or low-cost supplier of nature coretén services on agricultural land
may depend on the quality of that land — for example becawesegportunity costs of conser-
vation differ.

The key point we want to make in this paper is that the assamphiat agents are identical
in respects but one (the quality of their land, or the typerodpction technology they own)

implies that the allocation of land and technologies ovemdg is assumed to be the outcome

2Examples of studies focusing on a single source of hetesstyeimclude Bourgeon et al. (1995), Smith
(1995), Smith and Tomasi (1995, 1999), Wu and Babcock (19986), Rochet and Choné (1998), Moxey et al.
(1999), and Mason (20133ee Chambers (2002) and Ferraro (2008) for overviews.



of an essentially random process — and this is not very pgdusie analyze how the optimal
design of environmental programs changes if we assumehaigents’ production technolo-
gies (land, or the vintage of capital employed) are not ramgalistributed over the agents’
population, but that they are the outcome of each individg@nt’s decision making process.
Suppose that agents differ in their preferences with ragpeice rate at which they discount the
future. More patient entrepreneurs are likely to purchaseemexpensive abatement technolo-
gies that have lower marginal abatement costs — now, an@ ifutbre. And if land markets are
not too imperfect, farmers with relatively low (high) ratefstime preferences are more likely
to end up on high (low) quality landsThe notion that agents with different rates of time pref-
erence end up owning different abatement technologiesndr daalities is important because
it implies that agents actually differ in not just one, buttivo respects. They face different
per-period (marginal) benefits and costs of offering emnmental services depending on the
type of technology or the quality of the land they own. Andytlaéso differ in how much they
value a specific stream of per-period benefits and costdtirggsin different net present values
of environmental cost and benefit flows.

In this paper we show that if agents differ in more than onpeet the complete information
solution of the government’s environmental policy problesn be incentive compatible even if

the differences are caused by the same fundamental factterolyeneity in time preferences.

3Consider the following toy model. Assume that the per-kagricultural profitsr are an increasing function
of land quality,c: m = f(«, e), withdf/0c = f’ > 0. Usingp to denote the farmer’s discount rate, the net present
value (over an infinite time horizon) of agricultural landkviand qualityc is V = f(«, ®)/p. The marginal value
of land quality isOV/da = f’/p, and this value is higher the lower jis(becaus&?V/dadp = —f'/p* < 0).
Hence, if land can be purchased and sold, the more patienéfar(i.e., those with a lower discount rate) tend to
be willing to pay more for high quality land than impatientrfeers. Theory thus predicts that farmers who own
higher quality land, have lower rates of time preference.piggal support for this prediction can be found in
Bocquého and Jacquet (2010), who show that in moving froraditibnal cropping system to the production of
biofuels (which requires large up-front investments) tpneferences significantly influence investment decisions.



The analysis of endogenous technology choice (land qualigbatement technology) is inter-
esting in itself because it contradicts the informationregnics literature’s typical conclusion
that the first-best (or complete information) solution aatrive implemented in the presence of
information asymmetries. But if technologies and land djeal are non-randomly distributed
between agent types at the moment at which the governméatasiits environmental program,
one can wonder whether agents will not adjust their teclgyotdhoices or land management
decisions as soon as the environmental policy is in placeafp given menu of contracts of-
fered by the government, agents may decide to purchase ragenaént technologies, manage
their lands differently, or relocate to different lands. e question is whether the complete
information menu of environmental services contracts tififbe incentive compatible if we as-
sume that agents can adjust their production technologiessponse to the introduction of the
environmental program (so that all decisions are truly gedous). Answering this question is
the second contribution of this paper.

Other studies have analyzed the role of preference heteedgén mechanism design prob-
lems see for example Wirl (1999, 2000), Peterson and Boisvefi4R@&nd Mason (2013). We
contribute to the insights obtained in these papers by gdhiat this heterogeneity implies that
agents differ in two respects — not just in how they value éiQ@dar stream of profits or what
technology (land quality, or capital vintage) they own, both. Our paper also builds on earlier
research on ‘counterveiling incentives’ (see for exampvis and Sappington 1989, Maggi
and Rodriquez-Claire 1995) that shows that informatioeaks can be avoided if fixed and
variable costs are negatively correlated (see also Bardivigerson 1982, Araujo and Moreira
2000, Rochet 2009, and Arguedas and van Soest 2011). Indper pve show that the com-

plete information solution can be incentive compatibleretféhe upfront investment costs are



endogenous — as long as the regulated agents differ in ghatrathich the discount the future.

Our paper is also related to the literature on ‘advantageelestion’ in insurance markets,
which addresses the issue why low-risk individuals may Ipase more insurance than high-risk
individuals. One explanation of this negative correlai®that risk-averse individuals are more
likely to reduce the hazard so that they are low risk, butttiney are also more likely to purchase
insurance (Hemenway 1990, p. 1064). While other explana#xist, preference heterogeneity
can thus explain the empirical observation that people higher insurance coverage are not
found to be more accident-prone (in case of automobile arm&, see Chiappori and Salanié
2000, Saito 2006), or are even found to be less accidenedinrtase of credit card theft, life
insurance and health insurancé de Meza and Webb 2001, Cawley and Philippson 1999, and
Finkelstein and McGarry 2006). This literature focuses xplaning why insurance markets
exist, whether or not there is room for ‘cherry picking’ (bese of the high profits associated
with selling more insurance to low-risk agen@hiappori and Salanié 2000), and whether or
not pooling equilibria exist (compare for example de Mezd &vebb 2001 and de Donder
and Hindriks 2009). Our paper is complementary to thisdiiere as we analyze whether the
‘double cost of separating’ (with one type of agents recgivnformational rents, and the other
type undertaking less of the socially desired activity thdsent information asymmetries) is
unavoidable in contracts between a regulator and the risglidayents.

We believe that the idea behind our paper is sufficiently gettieat it applies to a wide range
of environmental problems — and maybe to non-environmgmtddlems as well. However, for
ease of exposition and because of data availability, waldddb couch our model in the “nature
conservation” literature. Conservation payment prograage become increasingly popular

as an instrument to protect nature (Pattanayak et al. 20Rfiyate landowners, most often



farmers, are offered financial compensation in exchangehi®mprovision of environmental
services such as creating habitat for plants and/or waéldpfanting specific shrubs and trees to
sequester carbon, etc. As discussed above, the designsefdbaservation schemes has been
studied assuming that there is a single source of heterdagendifferences in land quality —
that causes the farmers’ participation costs to differ. Wmsthat if land quality is endogenous,
the complete information solution can be incentive contgh@tunder asymmetric information
even if farmers differ in essentially just one variable —téie at which they discount the future.
The setup of the paper is as follows. In section 2 we preseigfrdytstylized model, which
assumes that land quality is ex-ante homogenous but caar dXfpost depending on the land
owner’s investment decisioridn section 3, we solve the mechanism design problem assuming
that farmers move first, so that the government can take @fengnce-induced differences in
land quality as given. In section 4, we consider the altéreacenario in which the farmers can
adjust their land quality decisions in response to the gowent's announcement of the specifics
of the conservation program. That means that in this setiimgovernment is assumed to move
first, and the farmers second — and hence the government teegelsign the menu of contracts
taking into account the farmers’ best response. We find Heatomplete information solution
can be incentive compatible both when the farmers move éissifalyzed in section 3), but also
when they move second (as analyzed in section 4). Next, wiokt assumptions in this paper
are well-grounded in economic theory, it is interesting ¢e svhether we can find empirical

evidence supporting them. For this purpose we make use dhadacollected by Tesfaye and

“Hence, we do not explicitly analyze the consequences ofdaatity being ex-ante heterogeneous. Compared
to just assuming that land itself is homogenous while laraitjuinvestments are endogenous, modeling a land
market with plots of differing quality is much more involvedhile the results are not likely to be qualitatively
different. Whether this is indeed the case, is left for fatigsearch.



Brouwer (2012) that allows us to test whether the most ingmbrassumptions (among which
the relationship between a farmer’s rate of time prefereamzkthe quality of his land) hold in

practice. Section 6 concludes.

2 Themoded

We consider a group aN farmers who differ in the rate at which they discount the fetu
Farmeri’s rate of time preference (or discount rate) is denotegd,by 0. Time preferences are
a private characteristic of farmers. For simplicity, wewsss there are two types of farmers,
patient farmers (identified using subscript P) and impatemmers (subscript I), such that <
pr- The number of patient (impatient) farmers in the poputatgogiven bygp (¢7), such that
qp+qr = N.

Each farmer owns one plot of land. All plots are assumed tekeafte) homogenous, but
farmers can improve the quality of their land by, for examsletting up irrigation systems,
investing in mounds and ridges to better retain top soits, &k usey; to denote land quality,
which is thus a decision variable for farmier

Land quality affects the returns to agriculture. For simipfi we assume that the per-period
returns to agriculture equata; (whereP is the sales price of agricultural produce) while the
investment costs in land quality ané/2. That means that the net present value of the returns

to agriculturey; (), is equal to

2
Pa;  af ¢

(1)

ri(ay, p;) = Py o

The government aims to set up a conservation program. Togggm requires each farmer

SNote that the net present value of the agricultural reveisiealculated using farmer-specific discount rates.
We thus implicitly assume that access to capital marketsisthan perfect.
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i to provide a certain amount of conservation services (@hbyb; > 0) in exchange for a
compensation payment or subsidy (denotedpy 0).

On-farm conservation typically gives rise to two types oétso up-front investments (for
example in creating suitable habitat), and per-period teasnce costs. We assume that the up-
front investment costs are a function of the amount of caradiem services provided by farmer
1, b;, but also of land qualityy;. More specifically, we assume that the up-front investment
costs are equal tf (¢ — a;)/2 > 0, wherey is a technical parameter that is sufficiently large
such thatp > «; for the relevant range of land quality levels. Investment costs are thus
increasing and convex i, and for given, they decrease linearly in;.° An example in point
is nature conservation in arid regions or in regions withrpgmls — better irrigated lands or
better preserved soils facilitate creating valuable laalfftee for example Garrido et al. 2006
for the case of Spain). But conservation also requires aicestmount of maintenance in every
period. Assuming that the per-period maintenance costs peg unit of conservation services
supplied, the net present value of the conservation expgerdias evaluated by farmeds equal
to

2

ci(bi, o, p;) = D) (o —a5) + 7' : (2)

For any level of conservation services providég,(the net present value of the benefit

81f » < a; for some realizations af;, the up-front conservation investment costs would deergethe amount
of conservation provided{) — and this is not very plausible. The minimum levelofgiven the other assumptions
and specifications) is formally stated in conditions (9) &%) below.



and cost flows as perceived by farmiés equal tor;(b;, as, p;) = (0, p;) — ci(b, i, p;)."*8
Farmer participation is assumed to be voluntary, and thansé¢hat farmef only wants to
offer conservation servicés > 0 if the value she attaches to the stream of net payoffs when
participating, is larger than the value she obtains wherpadicipating. Using; to denote the
amount of compensation received by farmaevhen she participates in the program, her total
payoffs are equal t8; + m;(b;, o, p;) when supplying; > 0. And let us user? = (0, o, p;)

to denote her profits when she decides not to participatecéjdor any required level d@f, the

government must provide subsidigssuch that
Sy > m) — (b, iy p;),s (3)

and this is the program’s participation constraint foriall { P, I'}.

The government aims to maximize a social welfare functiat tdonsists of three compo-
nents. First, conservation yields benefits to society. Vgeirag the net present value of the
associated conservation benefits are equél t&b;) /pg, Wherepg is the social discount rate
and whereF (o) is the function that translates the total amount of consenvaachieved by

the agricultural sectob.b;, into an amount of per-period benefits obtained. For sintpliwve

’Specifications (1) and (2) are chosen for simplicity, notause they are particularly realistic. For exam-
ple, these specifications imply that higher output pricB$ do not increase the opportunity costs of provid-
ing conservation services — prices only affect consematiosts indirectly because they affect land quality in-
vestments. A specification of the revenue function that dgdure these opportunity costs is the following:

ri(bi, iy p;) = %ﬁ (1-b;)— %12— andb can then be thought of as the share of fari'eeland that is allocated to
conservation. All insights obtained using (1) and (2) cawgr to the case in which (1) is replaced by the above
revenue function. We will come back to this in both sectioiffo8tnote 12) and 4 (footnote 16).

8Differences in rates of time preferences thus affect homéais value money flows differently, and also their
optimal investments. If, for example, the impatient faremean borrow against their future income flows, they
would choose the optimal investments based on the pregagial interest rate, and then borrow money from the
bank to increase their instantaneous consumption levéigioGsly, such a mechanism would give rise to all sorts
of moral hazard issues, and hence the assumption of impedpital markets is quite likely to be met in practice.

%Note thatpg is not directly related tg; and pp — at least not necessarily so. Farmers make up only a
small share of society, and the (properly weighted) avediggount rate in society may be higher than that of the
impatient farmersd{g > p;), below that of the patient farmerg{ < pp), or anything in between.

10



assume that the conservation benefits are linear in the @mboonservation supplied by all
farmers, so that’ (e) = kZiG{P’I} q:b;, wherek denotes the constant marginal benefits of
conservation services provided.

The second component of the social welfare function is tine githe net present values of
the farmers’ profitszie{m} q;m;; cf. (1) and (2). The highel;, the larger the conservation
costs, and hence the loweris!® The third component arises because we assume that the com-
pensation payments (or subsidigg,are not mere transfers from the tax payer to the farmer, but
that there are non-zero costs of raising funds. Raisingddmdthe government budget usually
requires imposing distortionary taxes, and we assume lieatnarginal costs of raising funds
are constant and equal tqMirrlees 1971). Hence, the third component in the govemtae
social welfare function is a cost equal Eie{m} tq;S;. Summing up, social welfaréi() is

defined as

W =k Zie{PJ} qibi/ps + Zie{m} Qi — tzie{]ﬂ} 4S;. (4)

Under complete information, the government would set theseovation policy(S;, b;) to
maximize social welfare (4), subject to the participationstraints presented in (3). However,
as stated above, (im)patience is a private characterisferimers that is unobservable to the
government, and the same holds for the quality of their lasdis typically assumed in this

literature!! We assume the government knows the proportion of farmetsdigtount rateg

ONote thatr; denotes the net present value of land use as perceived byvwarets of type (cf. (1) and (2)).
One can also argue that producer surplus should be evalusitegithe social discount rated) rather than using
the type-specific ratep; ¢ = P, I). Because land owners’ participation and their choice otrext is based on
their individual discount rates, it is mathematically momavenient to includer; in the social welfare functign
evaluating profit flows based gny complicates the analysis without affecting the qualigtiesults.

n general, managerial decisions such as setting up iiwigaystems, investing in mounds and ridges to better
retain top soils or deciding on pond depth for undergrountemeollection clearly affect land quality, but can
only be observed at (prohibitively) high cost to the requiaiee for example Llamas and Martinez-Santos (2005)
and Martinez-Santos and Martinez-Alfaro (2010). Thesfare assume that (ex-post) land quality is also private

11



andp; in the population, and also the type-specific cost and rev&mctions (1) and (2). The
challenge the government faces is to design a menu of catgemcontracts targeted at each
type((Sp,bp), (Sr, br)) that maximizes social welfare function (4) while not onlysaring that
all farmers participate in the program (see (3)) but alst ¢agh farmer (weakly) prefers the

contract targeted at her type. These incentive compayiloitinstraints are:
Si_l_ﬂ-i(bi)aiapi) Z S]_l'ﬂ-l(b]?ahpz) (5)

foralli,j = {P, 1} andi # j. We assume that if (5) holds with equality for farmers of type
they choose the contract designed for their tyfied; ) .

We are interested in analyzing under what circumstancesdh®lete information con-
servation policy satisfies the incentive compatibility ditions expressed in (5). Clearly, the
solution is trivial if it is socially optimal for either no qust one farmer type to engage in con-
servation. A necessary condition for the problem to be minrat is that the discounted marginal
social benefits of conservation (taking into account theéscofraising funds)(pg(1 + t)) 'k,
are larger than the discounted value of the first unit of couag®n costs incurred by either type
of land owner,dc; /0bi|, _, = v/p;; cf. (2). UsingG to denote(ps(1 + t))~'k and noting that

p; > pp, We assume throughout the remainder that the following itilemdalways holds:

k gl
G=—" 7 (6)
ps(1+1t) = pp

We can envisage two scenarios regarding the timing of thedes’ investments in land
quality. The first scenario is the case where conservatiticig® are introduced while farmers

chose their land qualities sometime in the past. This scenaughly reflects how conservation

information for the farmers involved. If the regulator cobtostlessly) verify land quality, she would be able to
infer the discount rate of every farmer, and could triviathplement the complete information solution.

12



programs are currently introduced — they are still a reédgyinew policy instrument. Farmers
are endowed with land of a specific quality because of thesinvent decisions they made in the
past, and the government introduces a conservation proghala taking heterogeneity in land
quality as given. In the second scenario we assume the goeetrdesigns the program taking
into account the possibility that farmers adjust their lgndlity investments in response. This
is likely to be the case in the future, for example when fasmered to renew their land quality
investments while the conservation program is still in plaghe two scenarios thus differ in
who moves first: with the farmers first choosing their landligyand then the government
introducing the conservation policy in the first scenaree(section 3), and the reverse in the

second (see section 4).

3 Optimal conservation when land quality is predeter mined

3.1 Land quality investment

The government designs and introduces the conservati@rggrowhile farmers chose their
land quality o; sometime in the past. We assume that at the time farmers rhadeland
guality investments they were unaware of the possibiligt the government might initiate a
nature conservation program. That means that they chosedb; to maximize the net present
value of land usecf. (1) and (2). Conservation is costly while it does not ¢iahy private
benefits, and hence all farmers chobse: 0 independent of their rate of time preference. That
means that maximizing the net present value of land usenesjahoosingy; to maximize (1).

In this scenario, the optimal land investments and assstia¢t present values of agricultural
returns and profits are

o = , T, =T, = — (7)



where superscript’ indicates the optimal value when every farmer’s land quaditfixed
(or predetermined) when the conservation program is arvezlirRecall that! denotes farmer
1's profits when she does not participate in the prografmn (3). In that case, her profits are
equal torr? (cf. (7)), and hencer? = #I" = rI". If she does participate, the net present
value of her revenues are still’, but she incurs the costs associated with conservationt effo
b; > 0. That means that in this case with fixed land qualities, tlegone profits associated
with conservation effort are equal to the conservationscasturred: 79 — 7;(b, al", p;) =
ci(b, ol p,); cf. (1) and (2). Substituting” from (7) into (2), we see that one single source
of heterogeneity, differences in time preferences, catmesost functions of the two types to
differ in two respects. Land qualitiea{) are type-dependent and hence the investment costs
of conservation(b? (¢ — of") /2) also differ between the two types. And differences in the
rate of time preferences imply that farmers also differ ia Way they evaluate the flow of the

per-period maintenance cost®{/p,) associated with conservation. The farmers’ participatio

constraints (3) can hence be written as:

b? P b;
Si(bi) = ei(bis o, pi) = = <<P - ;) + Vp : (8)

Regarding (8), note that! = P/p, (cf. (7)), while the conservation cost function (2)
assumes thap > of". Becausey; > pp, we assume that the following holds throughout the
paper:

P
0> o 9)
P

Combining (9) and (6) implies that a necessary conditiortliermodel to be valid in this

first scenario is that

P
pp>max{z,%}. (20)

14



Our strategy is as follows. We first derive, in section 3.2, diptimal solution of the gov-
ernment’s maximization problem under complete informatiothat is, when incentive com-
patibility is not (or is assumed not to be) an issue. Nextgeiction 3.3 we analyze under what
circumstances the complete information solution is ingerdompatible if the government only
knows the distribution of discount rates, but does not krfeevdiscount rate of each individual

farmer.

3.2 Thecompleteinformation solution

Absent information asymmetries, the government would se@menu of contract§Sp, bp)
and(Sy, by), to maximize social welfare (4), taking into account therfars’ participation con-
straints (8). The menu of contracts that solves the govemtismmaximization problem under

complete information is given in Proposition 1.

Proposition 1 The complete information menu of conservation levels and subsidies when land

quality is predetermined, (537, b3F") and (S3", b3, is given by:

1 q— G —
pf o= = (220} S BT T and (11)
pi \ P — pip — P
: br L BF)
SiF = Vp‘ A 2) (o —al) (12)

where o = P/p, and G = (pg(1 +1t)) k.

Proof: see Appendix Al

Note thath:’" > 0 because of (10). The complete information conservatiarisfy;, b3)
satisfy the familiar condition that the marginal conseiatosts of each type are equal to the

marginal benefits of conservation. That implies that theseovation effort is such that the

15



marginal conservation costs are the same across the twerféypes:cp (b)) = ¢ (b;F) = G.
And because the costs of raising funds are strictly positive complete information solution
also requires that the subsidies offers@/(, S;%') exactly cover the conservation costs incurred

(that is, participation constraints (8) are binding).
3.3 Is(SE, b)), (3, bit") ever incentive compatible?

Information about each farmer’s type is private, and heheegobvernment can not just max-
imize (4) subject to (8)the incentive compatibility constraints (5) need to hold.tdn this
subsection we analyze whether (and under what circumstaticee complete information pol-
icy ((11) and (12)) is incentive compatible in the presentthese information asymmetries.
Using (1), (2) and (7), we have;(b,al, p,) = zP_ng — % <<p — p£> — pl” Substituting this

expression into (5) and cancelling terms, we have:

S - (o —ai) (13)

W B e BT (B5)
Py 9 (p—aj) = 5] 0 9

foralli,j = {P, 1} andj # i.

Substituting (11) and (12) into (13), we obtain the follog/iresult:

Proposition 2 The complete information conservation program, (S3¥, %) and (S, b3, is

incentive compatible if and only if:
2
bl < = < (14)
P
Proof: see Appendix Bl

The intuition behind this result is straightforward. Besat > 0, the complete informa-

tion solution requires that there are zero informationatsécf. (12)) S;¥ = ¢;(b:F, ol p,).

16



Next, the incentive compatibility constraints (13) reguihatS;” — ¢;(b;", af , p;) > S;F —

(03", af , p;). Combining the two, we haved > ¢; (03", af, p;) — ci(b5", o, p;) for i, j =
{P, I} andj # i. Hence, the complete information solution is incentive patible if and only

if () (b, ok, pp) < cr(bF, af, p;) and (i) c; (b3, af, p;) < cp(bi, o, pp). That means
that the cost functions of the two types should intersedt) tne patient farmers having lower
(higher) total conservation coststf’ (b’;F ) than the impatient farmers. Viewing (2), we see
thatc; = cp if b = 0, but also possibly fob > 0. Patient farmers have lower up-front conser-
vation investment cost$? (¢ — a!") /2) for every level ofb (because! is larger the lower is
p;; Cf. (7)). But patient farmers also have higher (valuation€onservation maintenance costs
(becauseyb/p, is higher the lower ig;). So, forb sufficiently small (large), the total conserva-
tion costs incurred by the patient farmers tend to be lagma(ler) than those incurred by the
impatient farmers. Indeed, substituting (7) into (2) we finatcp (b, ok, pp) = ¢; (b, af, p;)

if b= {o, b= 27/13}.

These results are illustrated in Figure 1. The total coradEnv cost functionspr andc;
intersect twice. Fob € <O,Z§> we havecp (b, af, pp) > c1(b,af , p;), and the reverse holds
for all b > b. The complete information solution is thigt” andb;” are such that the marginal
conservation costs incurred by each type are the same arad teqti = £/(1 + t)pg (as
indicated by the tangency lines in Figure 1), while farmdrsaxh type receive compensation
SyF that exactly cover their conservation costgb;”, af, p;). If the complete information
conservation levels are located on either sidé,afe haveS; (b:) < ¢; (b, af, p;) for all
{i,j} = {P,1},j # i, and hence each type makes a loss if they choose the comttexatied
for the other type. That means that the complete informatiemu of contracts is incentive

compatible if and only ift3*" and 3" are located on either side of the conservation level at
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which the two cost functions intersect.

T$

crth, of py )

‘_.---"'-:CP( b, af, pp)

SI:I-F ---------------------- — /

bi'F b bp'F b

Figure 1: An example of a first-best menu of contra&tg’( b:7') that is incentive compatible.

Whether the complete information solution is incentive patible thus depends on whether
the optimal conservation levels are located on either dideroposition 3 states the parameter

values for which the complete information solution is inibemcompatible.

Proposition 3 The complete information solution, (S3, b3) and (537, b3), isincentive com-

patibleif and only if

Py

pp < m < pr- (15)
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Proof. Substituting the complete information conservation Ig\éfl) into condition (14),

we obtain (15)H

Therefore, there exists a (non-empty) set of parameteeséliry, ¢, P, pp andp; such that
the complete information solution is incentive compatit3l&® For the sake of completeness, we
also offer the second-best solution in Appendix D. In thet saksection, we explore how likely

it is that condition(15) holds.
3.4 Graphical analysiswhen land quality is predeter mined

In this subsection, we construct a graphical example to eeelikely it is that the complete
information solution is incentive compatible — what is thegortion of admissiblép,, p;)
combinations for which conditiofil5) is met? We arbitrarily set = 2, pg = 0.1, ¢t = 0.05,

v =0.9, p =15, andP = 1.1. In Figure 2 the shaded rectangle represents the comhmsatio
of pp andp; for which the complete information menu is incentive conitgat while the grey
triangle represents all admissible combinationg0&ndp,. Regarding the latter, by definition
we havep, > pp and hence the admissiblgy, p;) space is above the 45-degrees line. Next,
the values op, andp; cannot be too low because condition (10) needs to hold. lecctibsen

parameter values, this condition requires that- max { P/, v/G} = P/¢ = 0.073.14 While

127 sufficient condition for (15) to be non-empty is that (6) isma binding than (9).

13The current specification means that the first-best solatorbe incentive compatible if there are two farmer
types, but not when there are three or more types — bedaissa constant that does not depend on farmers’
discount rates. When we use the more general revenue sptoifipresented in footnote 6, we find that =

) (pi - %) Considerp; = p; + vi; > p;. Substituting this intd;; (p;, p,), we havedb;; /dp; < 0 —
the non-trivial intersection point of the two cost functsoof any two types of farmers is closer to the origin the
more impatient the reference farmer type is. That meansiittathe more general revenue function, the first-best

solution may still be incentive compatible even if there la@re than two farmer types. For a detailed proof, see
Appendix C.

From (6) and using the above parameter values, we : =19.05.

k
ps(1+t)
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model validity dictates that the discount rates cannot bédw, they do not have a natural upper
limit. Theoretically that means that the area of admissilideount rates is infinitely large, and
hence that the probability that the complete-informatiotutgon is incentive compatible, is
negligible —if all discount rates betweerax { P/ ¢, v/G} andoo are deemed equally likely. To
get a measure of how likely it is that the complete-informasolution is incentive-compatible,
we assume thatp, p; < p, wherep is the maximum “plausible” discount rate. Figure 2 is
drawn assuming that= 0.20.

Within the area demarcated by > 0.073, p; > pp andpp, p; < 0.20, the combination of
(pp, p;) for which the complete information solution is incentivergmatible, is indicated by the
shaded rectangle in Figure 3. The eastern boundary of thisrreeflects the patient farmers’
critical discount rate for which the left-hand side of (1®)lds with strict equality. In other
words, it is the critical discount rate for whiét” = b (for higher discount ratek’ is to the
left of b in Figure 1). Similarly, the southern boundary is deterrdibg the impatient farmers’
critical discount rate for which the right-hand side of (h®)ds with strict equality (for lower
discount rates:" is to the right ofb in Figure 1). Given the parameter values chosen, we find
that in the area for which all necessary conditions in theehbdld, the complete information

solution is incentive compatible for about 40% of all potesifime preference combinations.

4 Optimal conservation when land quality is endogenous

4.1 Land quality investment

Let us now analyze whether the complete information comienv program is still incentive
compatible if land quality is not predetermined — that isewlfarmers can adjust their land qual-

ity after they have been informed about the specifics of theunoécontract$(Sp, bp), (S, br)).
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Figure 2: Range of time preference combinations that meetaibdel requirements (the grey
triangle), and the range of time preference combinationsvfuch the complete-information
solution is incentive compatible (the shaded rectangle).

Using superscript’ to denote this case in which farmers’ land quality is endogen(rather
than predetermined), the farmer’s profit§’§ are equal to-? (cf. (1)) minusc? (cf. (2)). For
givenp, and for everyy > 0, farmeri’s optimal investment levek” can be derived by solving

the following maximization problem:

77 (b,py) = max — — 0T (o). (16)

Taking the first derivative of (16) with respectdgwe obtain

P
O‘f(bv pi) =—+ Ev

%

(17)
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and hence

P2 b4 ’)/b bZ P b2
E = ———— Fhp)=—F+=(o—[—+=

1

That means that for giveln> 0, the profits of farmers of typeare equal to

Pz pt b b2 P v
o= L P (2L Y) s

Note that if a farmer of typeé decides not to participate in the conservation program, her
privately optimal value of is equal to zero, so that”(0, p;) = P/p, andr? = 77 (0, p;) =
0.5P2/p%; cf. (7). For whatever level; required, the returns to participati¢; + 7= (p;, b;))
should not be smaller than the returns to ‘opting duf). Inserting (19) into (3), the participa-

tion constraints in case land quality is endogenous can lieewas follows:

b; v} Pv? b}
SZ - 7TZ 7TZ (b'H pl) pl + 2 2p2 8 ( O)

We follow the same strategy as in section 3. In section 4.2 sgederive the optimal so-
lution of the government’s maximization problem under ctetginformation (that is, when
incentive compatibility is not an issue), and in sectionwe3analyze under what circumstances
the complete information solution is incentive compatibléhe presence of information asym-

metries.

4.2 The completeinformation solution

Absent information asymmetries, the government would se@menu of contract§Sp, bp)
and(Sy, by), to maximize social welfare (4), taking into account therfars’ participation con-

straints (20), and also farmers’ investments in land qudtit- and ;) in response to the
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conservation levelsh, b;) set by the governmert. The menu of contracts that solves the

government’s maximization problem under complete infdramais given in Proposition 4.

Proposition 4 The complete information menu of conservation levels and subsidies when land

quality is endogenous, (S3%, b3¥) and (S3, b3F), is given implicitly by:

G___(gp__)bi — G (21)
Pi Pi 2
. bafE b*E 2 P bafE 2 ba'«E 4
0; 2 2p; 8

Proof: see Appendix Bl

Compared to the case where the investment decision is deedmprior to government
initiating a conservation program, we hay& > v;* for i = { P, I}.1° The intuition is straight-
forward. Farmers take into account the fact that investeentand quality reduce the up-front
investments needed to be able to provide conservationcestvHence, for every level of con-
servation efforb, these up-front conservation investment costs are snwallapared to the case
when land quality is predetermined, and hence the sociptiynal amount of conservation ser-

vices is larger.

SMore precisely, the complete information menu of consémwatontracts in this case should specify the re-
quired land quality investmenta(¥), per period conservation efforts ') and subsidies receive§{¥) by the
different farmers’ types. However, in our setting, thisesded contract is equivalent to the one that specifies the
conservation efforts and compensation payments onlye demeners choose the same land quality levels as the
government would impose if it would possess the informatiiolpe able to do so. Indeed, giverfarmers have an
incentive to chooser to maximize their profits. That means that they thus decrsesamount of compensation
needed, and therefore the objectives of the farmers andotrerrgment are perfectly aligned in this respect. As
a result, the case where land quality is not observable (endehthe government is unable to contract on land
quality) does not result in moral hazard issues exacedp#timadverse selection problem. The formal details can
be found in Appendix E.

This is because the LHS of (21) is the first-order conditioproblem (4) when the investments in land quality
are predetermined. That means that wher= b, the LHS of (21) is zero while the RHS is unambiguously
negative (cf. (11)). To have equality, the LHS must be negatind because > P/p;, for all i (cf. (9)), we have
biE > bt
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Cost function (2) assumes > «;% for all i; using (17) and becausg > pp, this boils
down to

P
0 > . +0.5(b%7)2. (23)
P

Note that this condition is more restrictive than the one weehwhen land quality is pre-
determined (in that case, we haye> P/pp, see (9)). Sincé:’ > vt > 0, (9) is always met
if (23) holds. Furthermore, combining (23) and (6) implibatta necessary condition for the

model to be valid in this second scenario is that

P

O e e -
whereb:¥ is implicitly defined in (21).

4.3 1s(SiE, biE), (S3F, biF) ever incentive compatible?

Inserting (19) into (5) and cancelling terms, the incentreenpatibility condition for farmer

typei (i,j = {P, I};j # i) now becomes:

ba'«E ba'«E 2 P b*E 2 b*E 4 b*E b*E 2 P b*E 2 b*E 4
Pi 2 2p; 8 ’ Pi 2 2p; 8

Substituting (22) into (25), we obtain the following result

Proposition 5 The complete information conservation program, (S37, b%) and (S3F,03), is

incentive compatible if and only if:
2
biF < =L <bif (26)
P
Proof: see Appendix Gl

Surprisingly, we find that the required range for the congplatormation solution to be
incentive compatible is equal tg° < 2v/P < b, s = {F, E} — compare Propositions 2
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and 5. Expressed in terms of conservation effort levels rélg@irement is thus independent
of whether land quality investments are endogenous at ithe tfhe program is announced, or
whether they are predetermined. (14) and (26). The reason for this is technical and naisob
to the way in which the cost and revenue functions were specifComparing (7) and (17) we
havea}” (b, p;) > ol (p;). Land quality is higher when it can be adjusted after the gnogis
introduced because it reduces the up-front costs of coatsenv However, the increase in land
quality investment is equally large for both farmer types® (b, pp) — ok (pp) = aiF (b, p;) —
af (p;); cf. (7) and (17). In Figure 1, this implies that the cost fumes of the patient and
impatient types shift down by the same distance. As a comsagy the cost functions for the
two farmer types intersect at exactly the same conservigiah(b) as in the case farmers move
first.1’

Even though (26) and (14) are identical, the set of paramvataes for which the complete
information program is incentive compatible is differenthgpared to when farmers move first.

We state the result in the following proposition.

Proposition 6 The complete information solution, (S3¥, 03%) and (S5, b3F), isincentive com-

(27)

Proof. Using (21), let us defin&’ (b;", p;) = G — =~ — <<p — p£> b:¥ 4 0.5(bF)3. Equation

(26) states that:® < 2v/P, which requires that’ (2y/P, p;) < 0. Solving, we havei <

"As was the case in section 3, the non-trivial intersectiontpaf the cost functions does not depend on the
farmers’ actual discount rates, and hence this model daegemeralize to more than two farmer types. However,
the more general revenue function presented in footnoteaih agsults irf;ij becoming a function op; andp,,
and hence the incentive compatibility results then geirzeréd the case of having three or more farmer types. For
details, see Appendix H.
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¥ <3€ - p—11> - 4—1;,%3, and hencgypzwfé},uhg < p;. Similarly, b7 > 2+/P requires that

V(2y/P, pp) > 0, which yieldsp < 5Lz

We thus find that when land investments are endogenous, thlete information solution
can be incentive compatible even if each individual farsyeate of time preference is unobserv-
able to the regulatdf Compared to the exogenous land quality scenario, the ozatg®sr cost
functions depicted in Figure 1 shift down. Larger investtsan land quality implies that the
costs of conservation are smaller in the endogenous cas#&@associated marginal conserva-
tion costs are then also lower for every levebof hat means that for any value of, for example,
the marginal environmental benefits of conservation pplicthe complete-information conser-
vation levels are higher when land quality is endogenous Wizen it is predetermined. While
a specific level o may yieldb > vl > pif (that is, a second-best solution, see also Appen-
dix D), that samé: may result in the complete information conservation leegiding up on
either side ofh when land quality is endogenous. But it also means that vehhégher level
of k causes the complete information solution to be incentivepatiible when land quality is

predetermined (as in Figure 1), that same level ofay yieldb < b3¥ < b3F when land quality

is endogenous.
5 Empirical validity of the key assumptions

For our model to be valid, we need to establish the empirigkdiy of three key assumptions.
First, more patient farmers should not have better or wocsess to credit than more impa-
tient ones. Second, the propensity to invest in maintaitiiegquality of their soils should be

decreasing in the farmers’ rate of time preference, anabeataintained and protected soils

BFor a formal proof of the second-best solution when landstiments are endogenous, see Appendix 1.
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should translate into higher per-period profits. Thirdunatonservation should be less costly
to establish on lands with better preserved and maintaiois] s

The third relationship is quite straightforward, and anmeleearch indicates that this is in-
deed the case. For example, Asefa et al. (2002) report thditiersity restoration in Ethiopia is
more costly on more degraded lands, and Lal (2004) offergasimsights regarding the costs
of restoring CO2 sequestration capacity on degraded lafadassess the empirical validity of
the first two relationships, we use data collected by TeséageBrouwer (2012) who tried to
identify what drives farmers’ investments in soil conséiom structures in an arid region in
Ethiopia. They did so by means of a choice experiment amoegm@sentative sample of 750
farmers, some of whom already voluntarily invested in suaictures in the past, while others
did not. To estimate the effectiveness of a new policy pnogiargeted at inducing investments,
respondents were offered a range of contracts that diffar@gariety of attributes including the
type of conservation measure to be adopted within the pnogitze length of the contract, and
the monthly payment. We are interested in analyzing (sele@b) past investment decisions,
and hence our focus is primarily on observables like paststments in conservation struc-
tures and other household characteristics such as inaeeenly use the choice experimental
outcomes to infer differences in the rates of time prefezenc

Although Tesfaye and Brouwer did not explicitly elicit thespondents’ rate of time

preference, we can infer them by scoring how often in theaghekperiment a farmer chose
the contract with the shortest duration. The more oftenméaichooses the shortest contract —
all else equal — the more impatient he presumably is. Whitedbes not allow us to actually
measure each farmer’s implicit rate of time preferenceogsdprovide us with a metric of

impatience along which farmers can be ranked. We now reperevidence supporting the
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real-world relevance of the first two relationships.

Regarding unequal access to credit, the first key issueiigeh@bove, the data by Tesfaye
and Brouwer (2012) indicate that only slightly more than 18fthe respondents has access
to credit. The average farmer is thus not likely to have acte<redit, but then some may
have better access than others. We test this by means ofghtftvaward probit analysis of the

determinants of farmer access to credit. We use the follpwspecification:

AccessCredit; = ¢y + cilmpatienceMetric, + c2Z; + ¢, (28)

whereAccesCredit; is a binary variable indicating whether farmdras access to credit, or
not, Impatience Metric; is the variable that allows us to rank farmers from very pat{eow
value) to very impatient (high value), arff] is a vector of household characteristics including
the household head’s age (age itself but also the squared wvhlage) and gender, and also
potentially endogenous variables like household agrcalincome and the size of its land. In
addition, we also include region fixed effects.

The results of the analysis are presented in Table 1. We fatdotlr metric of impatience
never shows up significantly — as the p-value of the coefficl@nthe implicit rate of time
preference is never below 0.900. Hence, the data do not alotwe reject the hypothesis that

access to credit is uncorrelated with farmers’ rate of timefgyence.
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Table 1: Determinants of access to crédit.

(1) (2)

Impatience metric  0.00409 0.199
(0.30) (0.30)
Gender 0.343 0.338
(0.24) (0.25)
Age 0.0481* 0.0466*
(0.03) (0.03)
Age squared -0.0005* -0.0005*
(0.00) (0.00)
Income -0.00000761
(0.00)
Landsize 0.164
(0.12)
Constant -2.178**  -2.100***
(0.66) (0.70)
N 750 721
Wald 2 13.97 19.64

2 Robust standard errors in parenthe$gs<0.10 ** p<0.05 *** p<0.01.

Finally, the second key relationship identified above, the between soil maintenance
investments and profits (income), is not very straightfadita establish. Farmers are credit-
constrained, and hence soil quality investments are not ld@ly to raise income — farmers
with higher income levels are also more likely to be able ¥@#t in soil conservation structures.
Because of these reasons we estimate a three stage leasssgodel, where we allow the rate
of time preference and (the log of) income to affect whethemers undertook soil conservation
measures, and we also test whether the decision to invest icosservation measures affects

the income flow. This gives rise to the following two-equatregression model, using location
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fixed effects and farmer characteristics (gender, age,daga, and literacy) to identify the two

relationships:

In Income; = by + b1 SoilConsMeas; + bsY; + (;, (29)

SoilConsMeas; = ¢y + c1 In Income; + colmpatienceMetric; + csZ; + n;, (30)

Here,SoilConsMeas; is a binary variable indicating whether farmdras implemented soil
conservation measures on his laigis a vector of household-specific characteristics inclgdin
the household head’s gender, age, and the size of his/ligrdad”; is a vector including age,
illiteracy and region fixed effects.

The results are presented in Table 2.

Table 2: Income, soil conservation measures and the fasmae of time preference.

Dependent variable: SoilConsMeas Inincome
Inincome 0.186** Soilconsmeas 0.0854*
(0.08) (0.52)
ImpatienceMetric -0.129* Gender -0.0376
(0.08) (0.09)
Age 0.00461*** Age -0.00850***
(0.00) (0.00)
Literacy -0.0870** Landsize 0.160**
(0.03) (0.07)
Constant -1.096 Constant 8.758***
(0.74) (0.30)
N 721 N 721
Wald y? 27.62** Wald y? 62.98***

#Robust standard errors in parenthe$gs<0.10 ** p<0.05 *** p<0.01.

®Hence, income equation is identified by gender and landaiz®the soil conservation measure’s equation is
identified by the impatience metric and by illiteracy. Alsotethat we include location fixed effects in equation
(30), but not in equation (29). When including them in equaii29) they do not show up significantly, and they
also do not appreciatively affect the results (neitheritptalely nor quantitatively). Because the region dummies
facilitate identification of equation (30), we report thesuks of the model where the location fixed effects are
included in equation (30) but not in equation (29).
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The results are in line with the hypothesized relationsRigst, farmers with higher incomes
are more likely to invest in soil conservation structurest fmore importantly, they are less
inclined to do so the more impatient they are — as measuredubynetric of farmers’ rates
of time preference (with p = 0.035). This is the case when timmihg the relationship on
education — all else equal, illiterate farmers are lesdylik@invest. Having controlled for the
potential reverse causality of income on investments, wethat soil conservation structures

do raise income (albeit at p = 0.086 only).

6 Conclusons

In this paper we extend the literature on optimal environt@esubsidy programs in the presence
of information asymmetries. The extant literature tygicassumes that the costs of supplying
environmental services differ between agents becausegtauction (or consumption) tech-
nologies differ — agents are assumed identical in all otegpects. These assumptions do not
seem very plausible because they imply that it is essentialidom which agent owns what
technology — rather than that ownership is the outcome chgfeat’'s decision making process.
We show that if technology choice is endogenously deterdhinyeagents who differ in a truly
unmalleable characteristic, like their rate of time prefare, the complete-information solution
can be incentive compatible even in the presence of infoomasymmetries. The reason is that
differences in preferences imply that agents differ in ipldtrespects: not just with respect to
the costs of environmental services provided because eétmmology they own, but also with
respect to how they value a specific flow of benefits and cosistone. The consequence is
that some agents can supply environmental services at lmvgts than others for some service
levels, while the reverse holds for other levels of serviaa/igion — in other words, the cost
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functions of the two types intersect. We show that the cotaptdormation solution can be in-
centive compatible if agents’ production technologiesofim example, land) is predetermined
at the moment the environmental policy is introduced, k& &ahen the agents can revise their
technology decisions (i.e., adjust their land qualitiesjdasponse to the program being intro-
duced.

The purpose of this paper is to draw attention to the factttitypical conclusion of the
adverse selection literature — that the complete informnasiolution is never incentive com-
patible — may not hold in a world where most contexts and onstances are malleable. We
focus on land quality, arguing that land quality is ultimatendogenous and the outcome of
a decision-making process that may be affected by manyreliftédactors — including the land
owner’s time preferences. Ultimately, and because of add&mpirical evidence, this is just
an example of how selection can result in the complete inddion being incentive compatible.
Indeed, we believe that the insights obtained in this paggesafficiently general that they apply
for many other environmental subsidy programs too.

The reader may argue that our result is a theoretical nicéty only limited empirical
relevance. Indeed, as can be inferred from our analysis;ithaces of the complete informa-
tion being incentive compatible is smaller the larger istihenber of different types there are
with respect to a specific characteristic — extending theehtsdm two to multiple levels of
(im)patience shrinks the range of parameters for which timaptete information solution is
incentive compatible. Rather than viewing this as a sigm ith@entive compatible contracts
cannot deliver in practice what they promise to offer in tlyewe see this as a stimulus to start
thinking about optimal ‘bunching’ and/or exclusion of type starting withn types distributed

over a specific support, can we construct a menwok n contracts that approximates the

32



complete information solutiod? This is especially important because this paper also stigges
that the probability of the complete-information solutibeing incentive compatible is larger
the larger the number of different characteristics ageaws [think of risk preferences resulting

in farmers choosing a specific land quality or a specific tyjperop, in addition to their rates

of time preferences — assuming that the two types of preteseare not perfectly correlated).
Empirical evidence on the relationship between agentdepeaces (elicited for example via
incentive-compatible economic experiments) and (truiyfitevealed) required compensation
levels (think of data generated from a uniform price promert auction) is needed to see

whether this paper’s idea remains theory, or whether iiglms can be applied in practice.
7 Appendix

A. Proof of Proposition 1. The Lagrangian of the government’s optimization problem (4

including the incentive compatibility constraints is tledldwing:

o qibik P? Ybi bzz F
L = Zie{P,I} P +Zi€{P,I}QZl ? , 2(<p o)

Vb b? F
-t Zie{P,I} ¢i%i + Zie{P,I} Ai [Si N 7 9 ((p % )]

2 2

N LI F L F
bt 5= = o) - s T2y B ah)] e

where); > 0 is the Kuhn—Tucker multiplier associated with tyg® participation constraint

cf. (8), andu; > 0 is the multiplier associated with the incentive compaitipitonstraint of

20Bunching is typically stated as a solution to asymmetriofimfation problems when heterogeneity is multi-
dimensional. In fact, it is often claimed that bunching andhe exclusion of some agents at the optimum is a
generic property in multidimensional problems (Armstramgl Rochet 1999, Rochet and Choné 1998, Armstrong
1996, Laffont et al. 1987, and Salanié 2005, pp. 78-82).
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typei = P, I. The corresponding Kuhn—-Tucker conditions are:

oL qpk (7 F) (7 F)
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bp b2 by b2
p > 03 Sp— L - Pp—af) — 5+ L L(p—ab) >0, (38)
Pp 2 Pp 2
vbr by F vbp | bp F}
Si———Zp—-af)-Sp+—+ —af)| =0;
w [51= 20 B af) - sp+ T2+ B2 —af)
by b2 bp b2
=0 8 — Aol Sp+ 2y P —af) = 0. (39)
Pr 2 Pr 2

In the complete information case, we can ignore Kuhn-Tuckerditions (38) and (39)
and setup, = p; = 0in (32)—(37). Now, (34) and (35) imply that, = ¢¢; > 0 so that
S =i Jp; + (0EF )2 (o — af)/2 (see (36) and (37)). Next, substituting (34), (35) and (7)

into (32) and (33), we havig” = L (fa_G—;F”) whereG = k/pg(1 + t); cf. (6).

Pi
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B. Proof of Proposition 2. The complete information solution can be implementedif=
wu; = 0 does not yield a contradiction in (32)—(39). Note thaujf = 1, = 0 it holds that
* *F 2 . .
N\ = tg; > 0, and thusS;¥ = ”i’)—p + @(g@ — of) for i = P, I which does not yield a

contradiction in (32)—(39). Hence, inserting (12) intoY&8d dividing byv*!', we have
N - - le—al) (40)

Substituting and/” = P/p;, into (40) and rewriting, we have

beF
J_0 >J_(£_£>

-— 2 (41)
Pi Py 2 pi Py
Substituting ini, j = {I, P} andj # i, we have
2
b < 2 < b (42)

C. Incentive compatibility of the complete infor mation solution when there are more

than two farmer types and when land quality is predetermined. Assume that the profits of

N

. H N o Pai(lfbi) a? b2 :&
farmers of type are given byr;" (b;, i, p;) = ——= — 5 — 5 (¢ — o) — T*; see footnote

7. Farmers choose land quality before the conservatiorr@nog anounced, and hence they all
chooseh = 0. Thena; = of = P/p,. A necessary condition for the problem to be non-trivial
is that the discounted marginal social benefits of conservétaking into account the costs of

raising funds),G = (pg(1 + t)) "'k, are larger than the discounted value of the first unit of

conservation costs incurre&wfv/abi|b_:0 = P?/p? +~/p;. Hence, conservation activities by

farmeri are socially desired only i = m > ’;—; + pl holds, or rewriting terms:
Y+ /2 + 4GP _
pi > 5 =P (43)

So, the government should design a program such that alefarmithp, > p are willing
to participate. Let us assume there ar¢ypes of farmers withp, > p, > ... > p, > p >
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Pyt > ... > py (ordered from least to most patient). From a societal pdimteav, all farmers
of type{1,2,...,n} should participate in the program, and those of typet 1, ..., Z} should
not participate.

Now, the Lagrangian of the government’s optimization peoil4) can be written as:

L = Zie{lz ..... n} pg +Zie{172 ..... n}q’[ 2 4 Q(QP )

P?%; b b2 p P,
+Zi€{172 ----- n} Zjem ----- iy {Si R i A s 2

vb; b2 P)]

=+ 2 ——

Pi 2 Pi (44
where)\; > 0 is the Kuhn—Tucker multiplier associated with typ participation constraint,
and u;; > 0 is the multiplier associated with the incentive compaitipitonstraint of type
i,j =1{1,2,...,n},j # i. Solving the corresponding Kuhn—Tucker conditions, westtal =
pii (%) andS:N = %jt(bm) (s — P)+ 2245 i " as the complete information menu

of conservation levels and subsidies when land qualityeggiermined.

To find when this solution is incentive compatible, we sqlye= Oforalli,j = {1,2,...,n},j #

% * N
i. This yields)\; = tg; > 0, and thusS}" = 71—N + (b ) (p;p — P) + N. Substituting

7

SNV and#¥ in (5) and cancelling terms, we find that the complete infdiamasolution is in-

centive compatible if and only if, for alfj,i}, j < 4, we haveh:V < b” (pispj) < 5N with

b (i p;) = —”—+2P(Z 1.)-

Pj

Note that if j < 4, we havep; > p; due to the ordering of types. Now, let us define

vij = p; — p;. Then we havé? (p,,p;) = 2 + 2P (pi + pijvij), andaby (p;, p;)/0p; =
—2P ( + ﬁ) < 0. Hence, the intersection point of the cost functions fomiars: and
1 i T Vi

j is closer to the origin the more impatient the reference é&artype is. Having established
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the type-specific intersection point, a necessary comdftio b;Y < b¥(p;, p;) < bV to be
non-empty is thadb;™ /dp, < 0.

D. Derivation of the second-best solutions when land quality is predetermined. We
first derive the second-best policy whgd' > 2+/P. The complete information solution with
wp = p; = 0 cannot be implemented becayse= 0 now yields a contradiction in (38), which
leaves us with the possibility that, > 0 andu; = 0. Now, (35) reads\; = u; + tq; > 0, SO
Ap > 0and); > 0. Now, \p > 0 andA; > 0 would imply thatS; = pr + b—;(w — ol’) with
i = P, I; see (36) and (37). However, singg > 0 this implies thatSp — % - %(@ —ab) —
S+ 4 % (o — ak) = 0. SubstitutingS; = 22 + % (¢ —af) andal = £ (withi = P, 1) in
the latter, and rearranging terms, yields= 2—13-. This contradict$” > 2—;—. Hence, ifup > 0
andu; = 0 it needs to hold thakt, = 0 and\; > 0. In this case the second-best solution is

characterized by the conditions:

pl+bp<so—a£>=0, (45)

P

Lot bilp—af) =G - LB P - 5) (- —) <G, (46)

Pr I+tq Pp  Pr
7vbp b%’ F b1 b% F

Sp— 1L _Plo_ab)y=5-L_Tp—ab)>0 47
op 2(90 P> op 2(80 P> (47)
b b2

sf—%—gw—af’):o. (48)
I

The same analysis fot!" < 2—]} yields that the only feasible set of Kuhn-Tucker multipgier
isSup =0, u; >0, Ap > 0,and); = 0. Hence, in this case the second-best solution is
also characterized by (45)—(48) except that all subscHplould now read, and vice versa.
(45) states that the amount of conservation provided bypatarmers should be such that the
marginal costs of conservation equal the social marginaéfits of conservation. Note that
sincebt’” > 2—13-, byP — v > 0in (46). Hence, the amount of conservation that is provided b
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impatient farmers is smaller than the level that would eguadrginal conservation cost to the
social marginal benefits of conservation. Furthermore),i@cates that patient farmers should
be indifferent between contracts, while (48) shows thatitigmt farmers receive compensation
that is exactly equal to the conservation costs incurrednceein this case, patient farmers
receive informational rents for the conservation they mleywhile impatient farmers provide
less conservation than is socially desirable.

E. Proof of Proposition 4. The Lagrangian of the government’s optimization problejn (4

is the following:

- qibike P2t b B P
L= ZiE{RI} s + Zz‘e{RI} ai [ 2 8 , 2 \¥ .2
" (g b ebE Py b
tzz‘e{af} ¢i%i + Zz‘e{P,I} Ai {SZ p 2 + + 8

2p;
+Zie{P,1} Hi {Si o2 * -

i 2p; 8
vb_; SOZL@'Z Pb_i® bt
-5, - — , 49
R T (49)

where \; > 0 Kuhn—Tucker multiplier associated with typs participation constrainti (=
I, P); cf. ((20)), andu,; > 0 is the multiplier associated with the incentive compaitipiton-
straint of typei = P, I. The corresponding Kuhn—Tucker conditions are:

OL _ark _
Obp Ps

Ps I Pr 2
P b P b
+ pp (l+ (so——) bz——1> — i (l+ (w——) bz——f) =0, (5
Pp Pp 2 P1 Pr 2
OL et Aet ip— iy =0 (52)
Sy qp pT Hp— =Y,
OL
g+ A — = 53
851 qr + Ar — pp + g 07 ( )
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vbp  bh | Pb bﬂ
Ap | Sp— - + = =0;
: [ : Pp 2 2pp 8
b b4 Pb%L b
Ap 2 0;8p— L8~ EL 4 P 4 TP >, (54)
Pp 2 2pp 8

2 2 4
AzlS _abr_ebr | Php bf}zo;

_'_ —
Pr 2 2pr 8

vbr b Pbp b

A >0;8 — L 2Ly “ A s, (55)
Pr 2 2p; 8
’}/bp (,Dbp2 Pb?g bp4 ’}/b[ (pb]2 Pb[2 b]4
Sp— L — L g+ L L T =0 pp >0
“Plp pp 2 Zpp 8 T TR TRy, w Tl
’)/bp (pbp2 Pb%p bp4 ’)/b] (,Dbj2 Pb[2 b[4
Sp— L — L g L - >0, (56)
Pp 2 2pp 8 Pp 2 2pp 8
’yb[ (,05[2 Pb% b[4 ’ybp gObp2 Pbp2 bp4
S - LTl 12 s - ~ 2 =05 >0
‘”{f o2 ap 8 P Ty Ty, Ty T T
b b2 Ph: bt b bp?  Pbp? bp?
L e =Y (57)
P1 2 2p; 8 P1 2 2p; 8

In the complete information case, we can ignore Kuhn-Tuckeditions (56) and (57) and

setup = p; = 0. Now, (52) and (53) imply thak; = t¢; > 0 so thatS;Z = ”Z—E - W’TE)z -
P(b;E)?

o (blf s (see (54) and (55)). Next, the optimal conservation levehglicitly defined

by G — - — (ap - p£> bt = —@ whereG = k/pg(1 + t), as desired.
F. Proof that Proposition 4 also holds when government contracts for conservation
levels and investmentsin land quality. The problem the government solves in this case is the

following:

k

bfl}f}é W= P_S Zz‘e{m} qibi + ZiE{PJ} qimi(bi, i, p;) — tzz‘e{m} qiS;

st Sp>r(af, p;) — (r(eu, p) = cilbi, i, py))

The participation constraint states that when partiaqgatiarmers should be at least as well off

as when opting out. That is:
Si + (i, p;) — cibi, i, p;) = w(af, p;) = r(af, p;)
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Here,a? is the land quality chosen by farmiawhen he does not participate in the conservation

program §; = 0). From (7) we know thatY = P/p,. Using (16) and (20), we have

L = il ; e A e S (P
Zie{RI} Ps + Zie{PJ} ¢ ( Pi 2 0i 2 (¢ — i)
Pa; of b b o o
—t Zie{m} @S; + Zie{m} Ai {51‘ + P T 5(90 —a;) =77 (0,07, p;)

The first-order conditions with respectig «;, and.S; are respectively given by

k
¢Gi— — 4 <l +bi(p — Oéi)) —Ai (l +bi(p — Oéz‘)) =0, (58)
Ps Pi Pi
2 2
qi(E—ai—Fg)—i—)\i(E—Oéi—Fg):O, (59)
Pi 2 Pi 2
—tgi+ A = 0. (60)

Hence, for (58) we ha\,;)% = (1+1) <;7— + b;(p — ai)). That means tha[t)s(’f—m =G =

=+ bi(p — ;) and hence
b = L_V* (61)
Pi ((10 - Oéi)

Next, for (59) we havél + t)g; (f —q; + %) = 0, and hence

P b2
A=+ (62)

(61) and (62) are exactly equal to (17) and (21). The prodiefatter is easy. Rewriting (61) we

2

havep,bt (¢ — af) = p,G—. Using (62), this becomesG—v = p;b? <<p —E_ %) . Dividing

by p;, we have



G. Proof of Proposition 5. The complete information solution can be implemented.if=

wu; = 0 does not yield a contradiction in (50)—(57). Note thaujf = 1, = 0 it holds that

\; = tg; > 0, and thusS; Z = ”i’fE + “D(bi;E)z — P(ZZZE)Z — (b;§)4 for i = P, I which does not

yield a contradiction in (50)—(57). Hence, inserting (2&pi(25) and dividing b\]);.E, we have

0>— -1 L4 (63)

Rearranging terms yields

bk
SR WS (64
Pi  Pj 2 pi

Substituting ini, j = {/, P} andj # i, we have
2
b < 2 < b (65)

H. Incentive compatibility of the complete information solution when there are more
than two far mer types and when land quality ismalleable at the time of the policy launch.
Since land quality is endogenous it holds that= of = P(1 — b;)/p, + b?/2. Similar to the
analysis in Appendix C, assume that farmers of typel, 2, . . ., n should participate, but now

p is defined by

2
v+ 0.5P (b;’W)2 + \/(v +0.5P (b;‘N)2> +4GP2(1 — bEN)
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In this case, the Lagrangian of the government’s optinorgproblem (4) is the following:

L = Zi€{1,2 ..... n} pg +Zz’e{1,2 ..... n} di { 2> 8 .

b? P(1—b) b
(T ) s

Pi

Ai [5i— ft ==t
+Zi€{1,2 ..... n} lS 2p? * 2p; + 8 2

S — U A S, 3
+zzz'e{m ..... n}jgsz{L2 ..... SNOM [ 207 3p, 8 2

i

Pueb) P B b o)

—S; +

207 20, 8 p 2

where); > 0 is the Kuhn—Tucker multiplier associated with tyf® participation constraint,
and u;; > 0 is the multiplier associated with the incentive compaitipitonstraint of type

i,j ={1,2,...,n},j # i. Solving the corresponding Kuhn-Tucker conditions we hhee

optimal conservation levels implicitly defined loy— g— — ((p — pﬂ) b — P2(1;?b?N) = —(bfg)g
andS;V = sz?]vz(f?_w) - P(Zl:v)z + ”fiN + w(bZN)z — (br;w as the complete information menu
of subsidies when land quality is endogenous.

To find when this solution is incentive compatible, we sqlye= O foralli,j = {1,2,...,n},j #
i. This yields); = tg; > 0, and thuss;V = 225G P(Zf:)z + 2 P0)” ()

SubstitutingS;Y and 7V in (5) and cancelling terms, we find that the complete inferma

tion solution is incentive compatible if and only if, for dlj,i}, 7 < i, P > ~, we have

b §Bf~}f(pl-,pj) < bV with l;f}[(pi,pj) = <1+P<i+ 1))1 (2—,3+2P (l+ 1))

Pi P_J Pi P_]

Note thatifj < i, we havep; > p; due to the ordering of types. Now, let us define= p,—

Dy Inthiscase,weha\ié\’(pi,pj):<1+P<i+ L )>_1<2—;-+2P(pii+ L )),and

pi P;itvij pitviz

~ —2
if P> ~we havedb" (p;, p,)/0p; = (1 + P (pi + pijvij)) (2 (p% + m) (v — P)) <
0. Hence, ifP > ~, the intersection point of the cost functions of farmeesd is closer to

the origin the more impatient the reference farmer type avikt established the type-specific
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intersection point, necessary conditions fip¥ < BN(/)Z-,/)J) < b;fN to be non-empty are that
obN J9p; < 0 andP > .

|. Derivation of the second-best solution when land quality is endogenous. We first
derive the second-best policy whe > Z—IZ—. The complete information solution with, =
w1y = 0 cannot be implemented becayse = 0 now yields a contradiction in (56). Therefore,
we are left with the possibility that, > 0 andy; = 0. Now, (53) reads\; = yu; + tq; > 0, SO
Ap > 0andA; > 0. Now, \p > 0 and); > 0 would imply thatS; = pr + %b? — Bb? L
with ¢ = P, I; see (54) and (55). However, singg > 0 this implies thatSp — ”;’—; — % +
W gt ey et Pt bt SubstitutingS; = 2+ 95 — Zb% b2 with
i = P, I in the latter, and rearranging terms, yielgds= z—g- which contradict$;® > 2—13-. Hence,

if up > 0andu; = 0 it needs to hold thakr = 0 and\; > 0. In this case the second-best

solution reads:

P b3
l+<<p——)bp——P—G, (68)
Pp Pp 2
v P) b3, t qp 11
T g TP p (= - 2, 69
Pp <<p pp) 2 1+t(11([ 7>(PP PI) (69)
’)/bp (pbPQ Pb%g bp4 ’yb[ (prQ Pb[ b]4
5p— 210P _ o _ g, g0 eor SO0 b 70
VPR TR A R TR
b b2 P2 b
CHEL S S/ T A (71)

Pr 2 2p; 8
The same analysis for” < 2% yields that the only feasible set of Kuhn-Tucker multipdier
isup =0, u; >0, \p > 0, and)\; = 0. Hence, in this case the second-best solution also
reads (68)—(71) except that all subscriptsshould now read, and vice versa. (68) states
that the amount of conservation provided by patient farrsbmild be such that the marginal
costs of conservation equal the social marginal benefitegervation. Note that sinég” >
2%, byP —~ > 0in (69). Hence, the amount of conservation that is providgdnpatient
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farmers is smaller than the level that would equate marginakervation cost to the social
marginal benefits of conservation. Furthermore, (70) iamgis that patient farmers should be
indifferent between contracts, while (71) shows that ingratfarmers receive compensation
that is exactly equal to the conservation costs incurrednceein this case, patient farmers
receive informational rents for the conservation they mleywhile impatient farmers provide

less conservation than is socially desirable.
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