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Optimal Sharecropping with Transaction Costs: An Application to Seafood Sector

Abstract This paper challenges the long-standing view that sharecropping is not an
inefficient contractual arrangement by introducing the concept of transaction costs. It
develops a theoretical framework to analyze how these costs affect the optimal share rate in
sharecropping and applies it to “share-fishing” in the seafood industry. The model shows
that a landlord’s share rate is influenced by factors such as transaction costs, land use
returns, the number of tenants, and agri-food prices. When extending the model to account
for climate uncertainty, it finds that tenants’ specific investments and market structures
further impact the landlord’s share rate, with a similar investigation in share-fishing
practices.
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1 Introduction

A large body of literature in economics holds that transaction costs are a major
determinant of contractual choice (Coase, 1937; Coase, 1998). This literature provides
evidence that transaction costs influence the efficient allocation of resources through
various contractual arrangements (Williamson, 1985; Williamson, 2000). This paper revises
the traditional sharecropping model by introducing transaction costs. I am particularly
interested in how transaction costs determine the share rate under share contracts, and thus
affect social welfare. For two decades I have been concerned with how transaction costs
determine the choice of share contracts and how sharecropping affects efficient resource
allocation. Transaction costs in share tenancy are tremendously critical (Cheung, 1969a),
yet obviously the standard sharecropping model has largely overlooked the impacts of
transaction costs in theoretical literature, with a few exceptions (Alston et al., 1984; Datta
et al.,1986; Allen and Lueck, 1993). My model will address the following questions: (i)
How are optimal share rates determined by transaction costs, and how do they affect social
welfare? (i1) How does market structure affect the socially optimal share rate under climate
uncertainty, and does climate change affect social welfare when transaction costs are
considered? (iii) What are the theoretical implications for the share-harvesting and open-
access equilibria?

The motivation of this paper is twofold: (i) To develop a simple sharecropping model
with transaction costs, which corrects the fallacies in the traditional theory of share tenancy,
including some theoretical extensions related to risk-sharing and incentives in
sharecropping. (ii) To apply the model to seafood share-fishing, as it not only for extends
our understanding of the impacts of transaction costs on share contracts but also provides

deep insight into the far more complex conditions of share-harvesting in fisheries. My focus



is on the determinants of the optimal share rate and the comparison of social welfare under
different constraints.

To be sure, “sharecropping economics” is an old but challenging field. In this paper, I
provide a perspective centered on transaction costs. Since I emphasize transaction costs,
there are parallels between how transaction costs appear in my model and how individually
and socially optimal share rates appear in the sharecropping literature. Compared to the
existing literature, the most distinctive characteristics of my model are:

(1) Transaction costs: in neoclassical models (Stiglitz, 1974; Burchardi et al, 2019),
transaction costs in sharecropping are typically ignored; in my setup, introducing
the landlord’s contracting costs and tenant’s specific investment is fundamental.

(2) Rent dissipation from share rate regulation and price control: my setup features
share rate regulation and price control, which generate rent dissipation; in Ghatak
and Mookherjee (2024) style model, typically the regulator only imposes a
minimum share rate of the tenant as an exogeneous variable, while Basu and
Emerson (2000) and Basu and Emerson (2003) style models do not consider rent
dissipation in the tenancy rent control.

(3) Calibration of the social welfare function: my model that is applied to share-
fishing contracts compares social welfare under a perfectly competitive market
versus a non-competitive market; in Himaéldinen et al.(1986) and Himél&inen et
al.(1990) style share-fishing models, they just solve the social optimum harvest.

This paper proceeds by placing the theory into the literature and discussing its
application in Section 2. In Section 3, I develop a simple transaction cost theoretical
framework of sharecropping. The model is extended in Section 4, followed by the

application of the theoretical models in Section 5. Section 6 concludes.



2 Literature Review

Apart from the empirical literature on the efficiency of sharecropping (Otsuka and
Hayami, 1988), my paper builds more specifically on the theoretical literature in
microeconomics that derives the optimal share rate from transaction cost theory. I explicitly
assume that both landlords and tenants consider their transaction costs. In New Institutional
Economics (NIE), share tenancy and fixed-rent contracts are alternative arrangements
designed to save transaction costs. The choice between these alternatives has been
discussed in the economic literature on contract theory (Taslim, 1992), from the classic
theory of share tenancy by Johnson (1950) to a recent synthesis by Ghatak and Mookherjee
(2024) that revises the traditional E-K model (Eswaran and Kotwal, 1985). Yet, in formal
economic models, the determinants of contracting costs have been largely ignored. The
prolific literature on contractual relations of governance has focused on the dimensions of
transaction costs (Williamson, 1985), while studies on efficient contractual choice have
mainly emphasized on trust in risk sharing (Cole et al., 2024) or the choice of equilibrium
between vertical integration and non-integration (Acemoglu et al., 2009). However, the
separate analyses on share contract choice and the determinants of transaction costs have
resulted in both theoretical confusion and questionable interpretations of empirical data for
fixed-rent contract (Jacoby, 2008), especially those drawing causal inferences about the
ratchet effect on share contract choice (Allen and Lueck, 1999). This study aims to
contribute to a “transaction cost theory of sharecropping”, where the determinants of the
optimal share rate are modelled together as substitutes along a continuous spectrum of
contract choices within transaction cost theory, through my own theoretical analyses.
2.1 Relation to the Sharecropping Literature

My study relates and contributes to at least two strands of literature. The first pertains to

the share tenancy theory in agricultural economics. For instance, Cheung (1968) argues that



under the condition of zero transaction costs, a share contract, like other forms of contracts,
can result in efficient resource allocation. Cheung (1968) also demonstrates that the
resource allocation implied by private property rights in a free market is the same whether
the landlord leases his holdings on a fixed-rent basis, or shares the actual yield with his
tenant. Specifically, “the rent per acre of land equals the marginal product of land in
equilibrium under share contract, which is a condition identical to that of a fixed-rent
contract” (Cheung, 1969b). Under a fixed-rent contract, the tenant alone controls the
residual claim, while under a share contract, the residual claim is mutually shared by the
landlord and tenant. From the perspective of the Coase Theorem, given zero transaction
costs, the efficient outcome will be achieved by private negotiation, regardless of who
controls the property rights (Coase, 1960). Hence, Cheung’s sharecropping theory contains
the first formal demonstration of the Coase Theorem (Allen and Lueck, 2018).

Furthermore, Cheung (1969b) argues that with positive transaction costs, the choice of
contractual arrangement aims to maximize gains from risk dispersion, making share
tenancy a device for risk dispersion. Based on it, Stiglitz (1974) points out that
sharecropping is adopted for its incentive effects and risk-sharing features. While these
studies focus on the risk-sharing function of share contracts, they overlook the impacts of
transaction costs on optimal share rate. Although Cheung (1969b) acknowledges the
importance of transaction costs in choosing share contracts, he does not incorporate them
into the standard model. In the context of my paper, landlords’ contracting costs and
tenants’ specific investments affect the optimal share rates. Thus, one of the contributions
of my paper to this literature is to provide a theoretical framework for sharecropping that
incorporates transaction costs.

My paper is most closely related to the efficiency and dynamics of sharecropping

literature under specific conditions. Rao (1971) assumes that share contracts may be



influenced by the relative significance of entrepreneurial functions. In Bardhan and
Srinivasan (1971), the rental share is regarded as a price-like variable, parametrically given
to landlords and tenants. Contrary to my paper, Hsiao (1975) illustrates that share tenancy
does not result in inefficient resource allocation. However, in a competitive world with no
uncertainty, sharecropping is found to be Pareto efficient (Reid, 1976). Building on it, Reid
(1977) shows that sharecropping provides sufficient incentives, leading to an efficient
outcome. But Shaban (1987) supports the notion of the “Marshallian productive
inefficiency” of sharecropping. In these papers, transaction costs are not considered, unlike
in mine. In fact, the rental share can be derived through a bargaining game between
landlords and tenants (Bell and Zusman, 1976). My paper introduces a non-cooperative
game among tenants with transaction costs and has not yet to address the Nash bargaining
solutions. Similar to my treatment of transaction costs, Lucas (1979) hypothesizes that
monitoring costs are one of the determinants of sharecropping. Nevertheless, under zero
transaction costs, the contracting solution aligns with the market solution where a market
for the externality exists (Roumasset, 1979).

My findings follow the original treatment of uncertainty from Stiglitz (1974). Under the
same framework of uncertainty, the studies explore various aspects of sharecropping and
interlinked contracts, including the link between credit and sharecropping (Braverman and
Stiglitz, 1981), the impact of sharecropping on efficiency, tenant behavior, and landlord
profits (Braverman and Stiglitz, 1982), landlords' resistance to innovations under
sharecropping (Braverman and Stiglitz, 1986), the inefficiency of equalizing cost and
output shares under difficult labor monitoring conditions (Braverman and Stiglitz, 1986). In
addition, other studies discuss the dominance of share tenancy under limited liability (Basu,
1992), kinship effect on sharecropping (Sadoulet et al., 1997), trade-offs between

production and land quality under optimal contract (Dubois, 2002), variation in contract



terms based on tenant’s unreported output (Janvry and Sadoulet, 2007), the effect of
competing agents on Pareto-improving subset of sharecropping (Sen, 2011), inefficiency of
sharecropping exacerbated by disincentives to investment in soil fertility and irrigation
(Deininger et al., 2013), the effects of liquidity constraints (Das et al., 2019), the impact of
information structure (He and Collins, 2021), and the effect of positional advantage of the
first proposers (Bruno Gabriel Witzel de Souza, 2024).
2.2 Relation to the Applied Literature in Share-fishing and Seafood Harvesting

The main application of sharecropping is in fisheries, because share remuneration
systems dominate the fishing industry (van Ginkel, 2013). For instance, building on his
own sharecropping model (Sutinen, 1975), Sutinen (1979) illustrates that such systems are
preferred by industry participants in fisheries, while Anderson (1982) argues that the share
contract does not impact the economically efficient level of output. At the same time, Ferris
and Plourde (1982) find that the effects of share-fishing remain ambiguous, though later,
Plourde and Smith (1989) show that share contracts are optimal when both boat owners and
crew are risk-averse. In addition, Platteau and Nugent (1992) analyze the prevalence of
share contracts in fisheries, emphasizing their dominance in this sector. Also, McConnell
and Price (2006) suggest that share contracts help mitigate team agency problems by
providing effective incentives.

My predictions for optimal share rate of ship owner are consistent with the results from
Nguyen and Leung (2009) indicating that the risk behavior of crew and owners plays a key
role in determining the optimal share rate, while Abbott et al. (2010) find little evidence of
significant changes in the share contracts used to compensate fishermen over time. Based
on the empirical results, Nguyen and Leung (2009) demonstrate that share contracts benefit
both vessel owners and crew members economically. Additionally, Thuy et al. (2013)

highlight that allocative efficiency is preserved if share contracts are applied consistently



across fleets, using a Vietnamese small-scale purse seine fisheries dataset. Espinoza (2015)
demonstrates that share contract choices depend on factors like bargaining power,
monitoring costs, and external conditions in Chilean artisanal fisheries.

The papers above provided supportive empirical evidence for the predictions of my
model regarding seafood share-harvesting. Although this model provides insight into
analyzing the role of transaction cost in a share contract fishery, its focus on optimal share
rate and maximizing social welfare is limited. Guillen et al. (2015) find that crew salaries
increase in line with vessel performance under share contracts, but later, Guillen et al.
(2017) indicate that overexploitation and reduced productivity have diminished the
attractiveness of these agreements. Pinello et al. (2018) point out that share contracts do not
fully capture the real value of fishing income, while Salazar and Dresdner (2020) find that
net income shares are, on average, higher in fishing communities regulated by an
organizational regime compared to those regulated by an area-based regime, through a
difference-in-differences approach. I now build, in the next section, a simple theoretical
framework of transaction costs in share contracts to derive the determinants of optimal

share rate.

3 Framework

In this section, I develop a theoretical framework to refine the traditional sharecropping
theory, as well as to introduce the concept of transaction costs and build a dynamic
equilibrium model of social optimum regulations in what I think is the simplest possible
institutional environment.
3.1 A Simple Model

In this subsection I highlight the fallacies in Cheung’s theory of share tenancy and refute

his claim that share tenancy is efficient.



3.1.1 The Fallacies of Traditional Theory of Share Tenancy
To refine traditional theory of share tenancy (Cheung, 1968b), I consider a tenant has a

homogeneous agri-food production function be g = q(L, h), where L denotes the amount of
tenant labor and h denotes the amount of farmland leased by the tenant. Let h = % , where

the amount of farmland per tenant is equal to the total farmland owned by the landlord, H,
divided by the number of tenants, m. Note that I assume that all farmland is owned by
landlord, following Cheung (1968)’s assumption. However, in section 3.3.2, I revise this
assumption.

Second, Cheung (1968) assumes each tenant signs a wage contract with landlord, and
then landlord can choose the amount of tenant’s labor with the market wage rate, W. In
addition, his model assumes that, under perfect competition between tenants, WL = (1 —
r)q(L, h). But this constraint assumes that tenant’s total cost (the sum of production and
transaction costs) is zero, and it assumes tenant’s total wage is identical to the tenant’s
share of the quantities produced. Actually, Cheung (1968) overlooks the inclusion of the
agri-food price (P) on the right-hand side of the constraint. Obviously, this omission makes
his assumption unrealistic and incorrect. To accurately describe tenant behavior in a
perfectly competitive market equilibrium, tenant profit is assumed to be at least zero: m,, =
(1—-r)q(L,h)P — WL — c¢.(s,L) = 0, where c,, (s, L) represents tenant’s total cost
function and s denotes tenant’s specific investment. Actually, WL should be explained as
the tenant’s opportunity cost of giving up farming, which is identical to the total non-
farming income he earns in the non-agricultural market. So, Cheung (1968)’s assumption of
a labor wage contract between the landlord and tenant is both unnecessary and unrealistic.
Indeed, in a pure sharecropping system, the landlord only signs a share contract for the
agri-food quantities produced with tenant. In such case, landlord can not control tenant’s

labor investment. It implies that the amount tenant’s labor cannot become a choice variable



for the landlord in the profit maximization problem. In addition, I assume that the tenant’s

. . ) ) . . ) .
marginal transaction cost is positive (% > 0) and the marginal production cost is positive

(%JW > 0). Thus, the landlord’s constraint should be WL + ¢, (s,L) < (1 —r)q(L, h)P.

On the other hand, Cheung’s model (1968) does not account for the landlord’s
opportunity cost. For instance, farmland could be explored and used as an agritourism
resource (Ferreira and Sanchez-Martin, 2022). So, I let v denote the return rate from non-
agricultural exploration of farmland and vH represent the landlord’s opportunity cost of
renting out his or her farmland to tenants. Besides, Cheung (1968) assumes the landlord is
able to induce tenants’ investments in their labor inputs, treating each tenant’s labor (L) as
one of the choice variables in his model. However, in the real world, a principal-agent
problem arises due to asymmetric information and information costs. Hence, the landlord
cannot control the tenant’s labor investment, and the amount of tenant labor cannot be
treated as a choice variable for the landlord. Consequently, in my model, the landlord’s
profit function under a share contract (r > 0) is ;, which depends on the choices of m, ,
and H, subject to the constraint of perfect competition among tenants. The landlord’s
payoff, therefore, also accounts for the opportunity cost of the alternative option. The
representative landlord solves

{11;/[35} m; = mrPq(L,h) — vH,

subject to
WL +c,(s,L) < (1 —r)Pq(L, h).

Therefore, the landlord’s optimal share rate is

=
*
Il
=~|&|§°|§’
—_
—_—
N
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The implication of equation (1) is that, the landlord’s optimal share rate is equal to the

=~|&|§°|§’

tenant’s elasticity of output with respect to farmland, %*. It also implies that the rent per

acre of farmland is equal to the marginal product of farmland in equilibrium under the share

contract, which is consistent with Cheung (1968)’s Pareto optimality solution under the

:|a|§f|§j

share contract (Cheung’s optimal share rate 1pg0r0 = G = ). In addition, 7; = 0.

The next proposition describes the key property of the equilibrium (proof in Appendix A).
PROPOSITION 1: Suppose that contracting is costless and each tenant’s economic
profits are zero. The landlord’s optimal share rate under the share contract is identical to
the tenant’s elasticity of output with respect to farmland, and landlord’s economic profits
are zero.

3.1.2 Non-Alternative Option and Landlord’s Costs

I now consider the same problem with the inclusion of the landlord’s production cost and
transaction cost. Actually, the solutions thus far have been primarily based on the condition
that the landlord’s transaction and production costs are zero. However, these costs are
positive in the real world. So, the purpose of this section is to extend the model to
incorporate nonzero production and transaction costs, without considering the opportunity
cost of using farmland, to explain the choice of share contracts. In the next section, I will
address the landlord’s opportunity cost, production cost, and transaction cost.

Let c; represent the landlord’s total cost. The landlord’s marginal transaction cost for

. P . . o
contracting should be positive (a_: > 0), and the marginal production cost for maintaining

land improvements should be positive (% > 0). So, the maximization problem of the

landlord under a share contract (r > 0), subject to the constraint competition between

tenants, can then be written as
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Max} m; = mrPq(L,h) — c;(m, H),

{m,r.H
subject to
WL+ c,(s,L) < (1 —r)Pq(L, h).

Thus, the landlord’s optimal share rate becomes

aCl
*k E dq/0h

T T T T

Hence:

™ >7r*(2).

Equation (2) implies that if the landlord’s transaction costs are positive, his optimal share
rate is greater than the tenant’s elasticity of output with respect to farmland, under the share
contract. I therefore obtain the following lemma (see Appendix B for the formal proof).
LEMMA 1: With positive transaction costs under a share contract, the landlord’s optimal
share rate is greater than the tenant’s elasticity of output with respect to farmland.

The implication of Lemma 1 is that, the allocation of resources with positive transaction
and production costs is inefficient, under share tenancy. So, when the landlord’s production
and transaction costs are nonzero, sharecropping becomes inefficient.

3.1.3 Landlord’s Optimal Share Rate

In this section, I consider the landlord’s opportunity cost, production cost, and
transaction cost. Therefore, the landlord’s profit maximization problem under a share
contract (r > 0), subject to the constraint competition between tenants, can then be
rewritten as

Maﬁ} m; = mrPq(L,h) — vH — ¢;(m, H),
T,

{m,
subject to
WL +c,(s,L) < (1 —=r)Pq(L, h).

Finally, the landlord’s optimal share rate is

12



ot > T‘** > Tpareto (3)

Therefore, I obtain the second lemma (also see Appendix C for the formal proof).
LEMMA 2: Given that the landlord’s transaction cost and production cost are positive,
these costs cause the landlord’s optimal share rate to deviate from the equilibrium where
share tenancy is efficient.

The theoretical implication of Lemma 2 is that if the landlord’s transaction cost,
production cost, and opportunity cost of using farmland are zero, share tenancy should
satisfy the Pareto condition. Cheung (1968) proves that when share rate equals to the
elasticity of output with respect to farmland, share tenancy meets the Pareto condition.
However, his proof is based on the assumptions that the landlord’s transaction and
production costs are zero and that farmland cannot be explored or used in alternative ways.
Indeed, in the real world, the landlord’s transaction costs, production costs, and opportunity
cost of using farmland are positive. I have shown that optimal share rate will not equal the
elasticity of output with respect to farmland, if these costs are positive. Hence, positive
transaction and production costs lead to inefficient resource allocation under share tenancy
in equilibrium. In other words, share tenancy may imply inefficiency in resource allocation
as long as the landlord’s production and transaction costs are considered.

3.2 Socially Optimal Regulations

I now explore a possible approach for a social planner to allocate resources through
regulations, including a minimum share rate policy and agri-food price control.
3.2.1 Minimum Share Rate Policy

In this section, I consider a set of government regulations concerning share rate,
including the minimum share rate policy. Suppose that share rate is increased from r*** in

kkk

equation (3) to 7 (> r***). On the other hand, R(r") represents the dissipated rent due to the
implementation of the minimum share rate policy (Cheung, 1969b). Assume the regulator

13



can select the regulated share rate and amount of farmland assigned to tenants who stay in

a long-run perfectly competitive market to maximize social welfare:
1{\/_[:;11>}<SW =m[Pq(L,h) — WL —c,,(s,L)] — vH — ¢;(m,H) — f: R(r)dr,
T.
subject to
WL +c,(s,L) = (1 —7)Pq(L,h).
Now, substituting the constraint into the social welfare function (SW), I obtain the

following simpler unconstrained maximization problem for the regulator:
l{\/_[?f}(SW = miPq(L,h) — vH — ¢;(m,H) — f: R(r)dr.
T.

The first-order conditions are

OSW _ p (L H) R(F) =0 (4
or A\ n=0M®
asw__Paq Bcl_o .

Y A A TR O

I now present two comparative static results derived from equations (4) and (5). These
results are facilitated by the general solutions of the equilibrium, showing the effects of the
return rate from non-agricultural exploration of farmland (v), the number of tenants (m)
and the price of agri-food (P) on the regulated share rate (7). The main results are provided
in the next proposition (proof in Appendix D).
PROPOSITION 2: When tenants stay in a long-run perfectly competitive market, the
introduction (or increase) of the return rate from non-agricultural exploration of farmland
leads to an increase in the regulated share rate; The introduction (or increase) of the
number of tenants leads to a rise in the regulated share rate; The introduction (or
increase) of the price of agri-food leads to a decrease in the regulated share rate.
3.2.2 Optimum Social Welfare with Agri-food Price Control

I now discuss how the dissipation of rent can be endogenized with the social welfare

maximization problem. Suppose regulators set a maximum price of agri-food, P , which
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generates dissipated rents denoted by S(P) (Cheung, 1974). Suppose that S is an
increasing and concave function of P, with S'(P) > 0 and S”(P) < 0.The social welfare
optimization problem can be expressed as

?ga%SW =m[Pq(L,h) — WL —c,,(s,L)] — vH — ¢;(m,H) — S(P),

subject to
WL+ ¢, (s,L) = (1 —7)Pq(L, h).

The first-order conditions are

0SW _ (L H) S'(P)=0 (7
op M\ =0 @
(3SW_13 dq Bcl_o g
on eV =0 ®

The second-order conditions of the maximization yield the following proposition (proof
in Appendix E).
LEMMA 3: When tenants stay in a long-run perfectly competitive market, the
introduction (or increase) of the return rate from non-agricultural exploration of farmland
leads to a higher maximum price for agri-food.
3.2.3 Dynamic Socially Optimal Regulations

The agronomy environment that I work with throughout this subsection builds on a
simple dynamic model. There are m, tenants in the agronomy and their population grows
exogenously over time: m; = mye®. Furthermore, suppose agri-food production function,
q:, 1s taking Cobb-Douglas form, I have

qc = h’%_ol‘opta

where he parameter o will be the elasticity of output with respect to of L in the agri-food

production. Furthermore, I assume that 0 < ¢ < 1.
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Landlord’s total cost function is supposed to be c¢;(m;, H) = km; +§H2 (k and k

capture the weight on transaction costs and production costs), and rent dissipation function
due to agri-food price control is assumed to be S(P,) = [nP;. In addition, I assume the
marginal rent dissipation function with respect to regulated share rate is assumed to be
R(ry)) =nr,Tand 0 <n < 1.

Now, I state the intertemporal social welfare maximization problem concisely. The

dynamic optimal allocation solves

o _ = 4 k
Up = {ﬁr,lvrlgL);t} J, e** {mt[Pth% 7L — WL — e (s, Ly)| —vH — km, — EHZ -

InP, — frff** nrt_ndrt} dt,
subject to

WeLpe + Cue(s, Lpe) = (1 = 7)Ph{ 0L,

m, = %(Lt - Lpt)a
m, = mpet.

The second constraint is straightforward: y units of tenant labor are required to produce a
new agri-food. The tenants’ labor allocated to agri-food production is equal to the total
tenants’ labor available in the agronomy (L;) minus their labor used in the agri-food
production process (L,;). Suppose the regulator wants to control both the agri-food price
and the share rate. Additionally, the regulator determines the allocation of tenants’ labor
between production and entry. The optimal allocation is provided in Proposition 3.
PROPOSITION 3: When tenants stay in a long-run perfectly competitive market, the

optimal allocation is

1
=t )

16



ox

L;Jt = o k o (10):
myet myet
+——]ePt ———
Ho D D
g X a
(#o+k rzoet>ept ‘ Tzoet
P, = T (11),

(moet)JnFHl_”

L
. crlnd)(+alnm0+%+(1—a)lnH

[1+In (#o +§)] +p—2+ . (12).

EZ —
Up = =~ +M+L[E_M]_z

p 1-=p  n=11lp 1-n-p p
PROOF:

See Appendix Section F.

The most important result in the proposition is the solution for the landlord’s optimal
regulated share rate in equation (9). In particular, this solution shows that the landlord’s
optimal share rate, as controlled by the social planner, remains constant over time in
equilibrium.

3.3 Climate Change Risk and Farmland Ownership Restrictions

On one hand, agri-food production is always threatened by climate change. On the other
hand, I assume farmland is owned by the landlord. However, property rights to farmland
are not always held by individuals. They can be occupied and controlled by the state.
Therefore, I investigate the impacts of climate change and farmland ownership
arrangements on sharecropping and social optimum.

3.3.1 Climate Change with Transaction Costs

Following the definition of climate risk from Stiglitz (1974), I assume the probability
density function of natural factors of production (e.g., weather or biological stock) is g(6),
where 6 represents climate change. Furthermore, I assume 0 < g(8) < 1, and

g'(6)<0.Therefore, the landlord’s profit maximization problem can then be rewritten as

17



Max_ m; = mrPg(0)q(L,h) — vH — ¢;(m, H),

{m,r,H}
subject to
WL +c,(s,L) < (1 —-r)Pg(6)q(L,h).
Finally, the landlord’s optimal share rate is

dc dc
Lrh(w+5d)

kkkkx __ dm 0H
T = e (13).

Therefore, I obtain Proposition 4 (also see Appendix G for the formal proof).
PROPOSITION 4: Given that the landlord’s transaction cost, production cost, and
opportunity cost of using farmland are positive, climate change encourages an increase in
the landlord’s optimal share rate.

3.3.2 Optimal Control of Farmland Ownership

Indeed, H is assumed to be the total farmland owned by the landlord. However, if 1 (0 <

A < 1) denotes the degree of privatization of farmland, H = AZ, so h, = 2 and Z

me
represents the size of farmland. When A = 0, the farmland becomes public domain, and the
landlord has no exclusive rights (Cheung, 1970). Increasing A implies that the landlord
owns and controls a greater portion of farmland, representing a shift from a non-private
ownership arrangement to private ownership arrangement. When A = 1, the landlord has
complete property rights to the farmland (H=Z). In addition, I assume the social planner is
able to control the degree of privatization of farmland and tenants stay in a long-run
perfectly competitive market. Therefore, A becomes one of the choice variables in the
intertemporal social welfare maximization problem. In this case, the optimal allocation

solves

o _ = AZ q_
Ul = {ﬁt'lr\_-i['%;(t'l} fo e pt {mt I:Ptg(et)(;t)l G.Lgt - WtLpt - th(S, Lpt)] - U/lZ - kmt -

£(2)? — P, — .. mdr ) dt,
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subject to

E)l—oLo
mg

WLy + th(s, Lpt) =(1- ft)Ptg(Bt)( pt>

m, = %(Lt - Lpt)a
m, = mgpet.

The optimal allocation is given in Lemma 4.

Lemma 4: When tenants stay in a long-run perfectly competitive market, farmland
privatization discourages the socially optimal price of agri-food. In addition, the socially
optimal share rate for the landlord is not determined by the farmland ownership
arrangement or climate change.

PROOF:

See Appendix Section H.

The most important implication of Lemma 4 is that the solution for the landlord’s
optimal regulated share rate in equilibrium remains unaffected by the farmland ownership
arrangement or climate change. Specifically, this solution demonstrates that the landlord’s
optimal share rate, as controlled by social planner, does not depend on whether farmland is
privately owned or on the impacts of climate change. Indeed, Cheung (1968) assumes that
farmland is privately owned by the landlord. However, Lemma 4 shows that the landlord’s
optimal regulated share rate does not rely on this assumption of private property rights. And
it is not related to the farmland ownership arrangement. In addition, the theoretical
implication of Lemma 4 is that share tenancy cannot serve as a mechanism for climate risk
sharing. Cheung (1969a) hypothesizes that the choice of share tenancy is made so as to
maximize the gains from risk dispersion, so share tenancy may then be regarded as a device
for risk dispersion; that is, given the postulate of risk aversion, a share contract will be
mutually preferred by the landowner and the tenant. Nevertheless, according to Lemma 4,

climate change does not affect the landlord’s optimal regulated share rate. Hence, share
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tenancy cannot be served as a device for climate risk sharing, which is also inconsistent
with Stiglitz (1974).
3.3.3 Non-Competitive Market of Agri-food

Previously, I assume tenants stay in a long-run perfectly competitive market, so their
economic profits are supposed to be zero. Nevertheless, if the market structure changes to a
non-competitive one, will the optimal solutions be revised? Let us first look at the profit
maximization problem from the point of view of the tenants who stay in a non-competitive
agri-food market. That is, the representative tenant solves

1\/{13})( my = (1 =7r)Pg(@)q(L,h) = WL —c,(s,L)

_ 9q _ 9w
or, (1 —-7r)Pg(6) 5 = w + TR
In this case, the landlord’s profit maximization problem can then be rewritten as

Max_ m; = mrPg(0)q(L,h) — vH — ¢;(m, H),

{m,r.H}

subject to

W+22 = (1-1r)Pg(6) 2,

So, the landlord’s optimal share rate is

r’C = r** (14).

Therefore, I obtain Proposition 5 (also see Appendix I for the formal proof).
PROPOSITION 5: Given that the landlord’s transaction cost, production cost, and
opportunity cost of using farmland are positive, market structure of agri-food does not
affect the landlord’s optimal share rate.

Finally, I investigate the effect of market structure on socially optimal allocation over

time. Here, let c,,; (s, Lpt) = asL,, where a is a constant. The optimal allocation solves:
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o _ = AZ 11—
Iy e {me |P.g (00 G0 LG, = Wik, — asl

UZ = Max 0

{Pe,7t,Lpt. A}

(42)? = InP, — [ nr"dr  dt,

N | &

subject to

= AZ 1o
We+as =o(1 =7)Pg(0) ()" Ly

. 1
my = o (Le — Lpt)a

m, = mpyet.

The optimal allocation is given in Lemma 5.

Lemma 5: The optimal allocation is

_ 30—112,0/(20—1)0 (15)’

— k%%

t

L = ox 16
pt — o o ( )’
e — meyet fe — moet
p p
-0
ax
[« [
k k
t t
L moet | ot mope
= k% (uo l p )e p
P, = = (17),
-vZ+ /(v2)2+4k22(1—a)
(moet)?[20+2/(2o-1)a]] o 11-9g(60)
i w22 +4kz*(A~0) 7 —vZ+ (vZ)2+4EZZ(1—a)]2
v = [ = k 30-14+2./(20-1 a1 kmg)t"
U; = 2kz 2 2kz +mo+i[5 (20 )0“]1 r’[__(mo) ]_
p 1-p  n-1 g p 1-n—-p
—vZ+| w22 +4kz% (1-0)
olnoy+olnmy+ln [20+2+/(20-1)0]+(1-0)In [ 7z ] 1 1
+ n(\/z_ﬂ.'o'g

pt] —vAZ — km; —

o
=+
z p

%[1+ln(u0+§)]+p

1 68 2190 , Kb
204 (ZB+P gip T p) (18).

PROOF:

See Appendix Section J.

3.4 Visualizations of Calibrations: Comparative Statics and Numerical Examples
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I now provide a set of calibrations to demonstrate the visualizations of the models above.
In subsection 3.4.1, I present numerical examples to illustrate how the socially optimal
share rate of the landlord changes with parameter 1, and, how the socially optimal price of
agri-food changes with the degree of farmland privatization over time.

3.4.1 Comparative Static Results

In this subsection, I present some comparative static results. Three comparative static
exercises are given: (a) changes in the parameter that determines the sensitivity of the rent
dissipation (i.e., the effect of variations in 1 on socially optimal share rate); (b) changes in
the elasticity of output with respect to tenant’s labor (i.e., the effect of variations in ¢ on
socially optimal share rate), and (c) changes in the optimal degree of farmland privatization
(i.e., the effect of variations in A* on socially optimal price of agri-food).

A. Changes in 1

From equation (9), the effect of changes in the parameter that determines the sensitivity
of the rent dissipation can change the socially optimal share rate of the landlord, 7;". Figure
A3 displays such effects when 1 moves from zero to one. When 1 increases, 7} rises.

B. Changes in o

This comparative static result shows that from equation (15) the effect of changes in the
elasticity of output with respect to tenant’s labor will affect socially optimal share rate of
the landlord. Figure A4 shows such an effect when o changes to one. The threshold level of

o at which 7, = 30_“20(20_1)0 shifts to 7,_ = 30-1_20(20_1)0 is about 0.48. It implies

that when o is less than the threshold level, 7, and 7;_ overlap. In this case, an increase in
o will increase 7;"**. When o is greater than the threshold level, 7, disappears but 7;_ still
exists. In this case, an increase in o will decrease 7;"**. Figure Al and Figure A2 in the
appendix show detailed visualizations of 73, and 7;_, respectively.

C. Changes in A*
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According to Lemma 4, this comparative static result illustrates that changes in the
optimal degree of farmland privatization can affect the socially optimal price of agri-food.
Figure A5 shows such changes for some given values of the other parameters (¢, = 10,
k=0.001, my=10, p=0.2, n=05, y=1, Z=1, ¢ =0.9,0 =0.5). When the
optimal degree of farmland privatization increases, the socially optimal price of agri-food
declines, and thus deregulation of property rights of farmland leads to greater farmland
privatization, which, in turn, results in a lower socially optimal price of agri-food.

3.4.2 Quantitative Analysis of Social Welfare and Agri-food Market Structure

In this subsection I compare social welfare for a competitive market and a non-

competitive market. First of all, I define the difference in social welfare between a

competitive market and a non-competitive market as below: D=U; -U; =

1- —vZ+(vZ2)2 +4kZ2(1—

7 [30—1i2 /7(20_1)0] n [l B (kmo)l_n] + olnoy+olnmy+n [2042/(20—1)0]+(1-0)In [V iz <2y
n-1 o p 1-n-p P

- Jw2)2+akzZ(1-0).

1 [1 (kmo)l_"] alna)(+olnm0+]l1nTTl+(1—a)ln[ vZ+ (UZ)ZE;”CZ a U]

n-1lp  1-n-p

P p

(kmg)t~" L [30—1121/(20—1)0—]1_" R
n—-1

1-n—p g n—-1

In [20+2{/2o—1D)g]-1
p

=2 The parameters that I calibrate

are k and m,, so I hold all other parameters at the baseline simulation and explore the

behavior of the model across a wide range values for them. If n =0.5, then

D(kl my, p, 0, ?t-l-ln = 05) = [

0.5 _ _ 105 _ _
%_ (l;n;o_)p ]{_ [30 1+2\0/(20 Do n 2} + In [20’+2J(2;‘ 1)o]-2in2 and

0.5 _ — 105 — — -
D(k, Mg, p, 0, ?t—;n _ 0.5) _[r_ (kmyg) {_ 30—14+2\/(20—1)c n 2} + In[20—-2,/(20—1)a] Zlnz‘
p 0.5—-p o ] p

Figure A6 illustrates the social welfare difference, D, for various combinations of p, g,

n=05,7, =22 29°D9 and kmg = 0.1. Actually, the sign of D depends upon those

(o2

combinations of parameters. Figure A7 and Figure A8 present the calibrations of D for

kmy = 1 and km, = 10, respectively.
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Figure A9 illustrates the social welfare difference, D, for various combinations of p, o,

__30-1-2\/(20-1)o

n=05r1_=

and km, = 0.1. Actually, the sign of D depends upon those

combinations of parameters. Figure A10 and Figure A11 present the calibrations of D for

kmy = 1 and km, = 10, respectively.

4 Extensions

In the previous section, I examined the impact of climate change on sharecropping.
Building on that, this section develops a general equilibrium model incorporating
uncertainty from climate change. The analysis is structured into four parts: In the first,
tenants are price takers in a perfectly competitive agri-food market. In the second part of
this section, the tenant assumes a monopoly position, but the agri-food price is regulated by
the state. In the third part, tenants stay in monopoly and oligopoly markets without
intervention in agri-food pricing. In the last part, tenants’ specific investments are assumed
to be variable.
4.1 Tenants in a Perfectly Comparative Market (m>2)

Here, I follow the assumption of the mixed sharecropping system from Stiglitz (1974) with

> 0,if the tenent receives a payment
additional parameter B(x)<{ = 0,it is a pure sharecropping system , where x =
< 0,if the tenent pays the landlord

(1 —=r)Pq(L, h).
Suppose that both landlords and tenants are expected utility maximizers. Let U; represent
the utility function of landlord, and U, present the utility function of tenant.

On one hand, the tenant solves

B/{lia}x EUy [my (6)] = EU,[(1 = 1)Pq(L, k) g(6) — WL — ¢, (s, L) + B(x)].

On the other hand, the landlord wishes to solve

24



Max EU;[m,(0)] = EU;[mrPg(6)q (L,") = vH = c,(m, H) = mB(x)].

m

Therefore, the landlord’s optimal share rate is

CEL
— 6)de
P2y g) 1 (w425 p L0mwT SOy oqveh
aL\am aL 80Uw ¢4y aL\ahq
rP¢ = — (19)
= BaUy ’
Joamrg(O)f(6)de
2=500 24y,
Uw
fg Frave (6)do
60U, 60U, 60U,
_ aq (9c, ac, fgﬁg(g)f(l?)dg aq (dq h fgﬁg(ﬂ)f(g)dg aq fgﬁg(s)f(ﬂ)de 9qdqh aq (9,
where o J”’a(m )= (W) ra- 22 @)a0 Prag (gt 4 12 @)a0 Pl 1222 )a0 P05 P G B

(also see Appendix K for the formal proof).

Equation (19) implies that the landlord’s optimal share rate is not determined by his or
her risk attitude but depends on tenants’ risk attitudes. The following propositions and
lemmas also provide such economic implications. Hence, the landlord’s risk attitude does
not affect sharecropping, which is not consistent with Stiglitz (1974).

4.2 Monopoly Tenant under Agri-food Price Control (m=1)

I now turn to an examination of sharecropping, for the monopoly tenant’s optimal
decision under agri-food price control. In this case, the monopoly tenant is still not able to
influence the agri-food price. Therefore, the equilibrium condition for the monopoly tenant
remains unchanged. I focus on the landlord’s expected utility maximization problem.
Assume that the landlord would choose a particular share contract in which he or she can
determine the total farmland ownership (H). The landlord wishes to solve

%I{II%(EUI [m,(8)] = EU{[Pq(L, H) — x]g(8) — vH — c;(1, H) — B(x)}.

Therefore, the solution of this problem is

acy
MPC _ _ w+ oL 20
r - B0Uw o 0)d6 4 26L (20).
fgmg( )f Vo ~ag

60U TTET)
fgﬁf@)lw P

From equation (20), it is clear that (also see Appendix L for the formal proof)
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PROPOSITION 6: An increase in the tenant’s wage rate (W) and the tenant’s marginal

production cost with respect to labor (a;—z”) both lower the landlord’s optimal share rate

. 9 = .
(rPC). rP¢ decreases (increases) when v, a—;l , or P decrease (increase).

4.3 Monopoly and Oligopoly Tenants without Agri-food Price Control

In this subsection, assume tenants have market power to influence agri-food prices.
4.3.1 Monopoly (m=1)

Now, suppose that a monopoly tenant faces a linear demand function P = a — bq(L, H).
The tenant then solves

1\/{lLa}X EUy [y, (8)] = EU,{(1 —r)[a — bq(L, H)lq(L,H)g(0) — WL — ¢, (s,L) + B(x)}.

On the other hand, the landlord wishes to solve

I{YI{?% EU,[m(0)] = EU{[(a — bq(L, H))q(L,H) — x]g(6) — vH — c;(1, H) — B(x)

Therefore, the landlord’s optimal share rate is

M _ aL
M =1-— (21).
JWw o) f@)d  palSL .
= 5"‘{] oH 6q](a_2bq)a_z
Is ‘;n—“:}’f(e)de (a—2bq)z;

From equation (20) and (21), I obtain the following lemma (also see Appendix M for the
formal proof).
LEMMA 6: The landlord’s optimal share rate under agri-food price control is greater than
it is without agri-food price control when the tenant stays in a monopoly market for agri-
food.
4.3.2 Cournot Game with Complete Information (m=2)

Here, 1 consider a Cournot duopoly game with complete information between two

tenants. Let q; and q; denote the quantities of a homogeneous agri-food produced by
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tenants i and j, respectively. Let P(q;,q;) = a — b[g; (Li,g) +q; (Lj,g)] be the market-
: : . . H H
clearing price when the aggregate quantity on the market is Q = g; (Ll-, ;) +q; (Lj, ;).

In the Cournot duopoly model, the tenants’ labor inputs pair (Ll, ]) is a Nash

equilibrium if, for each tenant i, tenant i solves:

Max EUS (mh [g: (L) 45 (L, DI} = EUL{(L =l —b(q (L 5) +
a; (1) )1ac (L) 90) = WL = ci (5,10 + B}

The landlord wishes to solve
H
Max EU;[m,(6)] = EU(2[(a — b (a; (L) + 05 (1. 5) i (Li5) — x19(®) - viH -

c(2,H) = 2B(x)}.
Therefore, the landlord’s optimal share rate in a duopoly market for agri-food is

reel =1 — L <rM(22).

IGBUW ac
(a—3bg; )

Wg(0)f(6)do v+t

GaUW . 6ql
55T @40  (a-sba; o

So, I obtain the following lemma (also see Appendix N for the formal proof).
LEMMA 7: The landlord’s optimal share rate in a duopoly market for agri-food is less
than that in a monopoly market for agri-food.
4.4 Tenants’ Specific Investments under Duopoly Game with Complete Information (m=2)
Here, I investigate the impact of tenants’ specific investments on sharecropping in the

Cournot game with complete information. Let s; and s; denote the specific investments
from tenants i and j in the process of agri-food production, respectively. Let P(q;, q;) =
P =a—Db[q; (siL, g) + q; (st, g)] be the market-clearing price. In the Cournot duopoly
model, the tenants’ specific investments pair (sl* ,s;) is a Nash equilibrium if, for each
tenant i, tenant 1 solves:
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Ma{)iE}U,;,{nW [ql (s L, ) q; (s;L, g)]} =EUL{(1—71) [a -b (qi (sl-L, g) +

a; (571.9))] i (i1, %) 9(8) = WL = ci(s0, 1) + BGo))

The landlord wishes to solve
%;[1:?}( EU,[m;, ()] = EU{2[(a — b (qi (si L, 2) +q; (sj L, 2)))qi (si L, 2) x]g(0)
vH — ¢;(2,H) — 2B(x).

Therefore, the landlord’s optimal share rate is

act,

SS 0sj
PSS =1 (23).
[EWwyo)r01a0  p4lcL

=|{(a—3bgq; ) q‘L
fgaUWf(B)dQ (a-abg})2h %4

So, I obtain the following lemma (also see Appendix O for the formal proof).

PROPOSITION 7: The impact of tenants’ marginal transaction costs ( %) on the

) . . . : . ach, .
landlord s optimal share rate (r55) is ambiguous, but r55 is the function of % ,given that
L

two tenants invest in specific technologies in the agri-food production process.
4.5 Optimum Price Control under Uncertainty

Finally, I consider a socially optimal allocation in which the social planner is risk-neutral
(e.g., the social welfare function is U, and then U; = 1)and tenants who stay in a non-
competitive market invest in specific technologies in the agri-food production process. The

optimal allocation solves

9 _ 1-0 o
Us; = _Max f e Ft {f tU{ t[Pe ( Zt) (SLpt) 9(6;) = WeLp, — asLy] — vAZ —

(Pt TeLpe.A} 0
my — g (AZ)? — InP, — f:rtm nr,dre}f(8,)do, dt,
subject to

W +as,=0(1— rt)Ptg(Bt)(_)l s GLpt )
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. 1
m; = o (L — Lpt)a
m, = mpyet.
The optimal allocation is given in Lemma 8 (also see Appendix P for the formal proof).

LEMMA 8: The optimal allocation is

t =

e 30—112,0/(20—1)0 (24)’

o
Ly = T )
s’ (k- ) Uy’ (k- )
Uo + Mo€ /] gpt — Mo€
0 D )
-0
ax
a _ a
ﬂo+US,<k pmoet) ept US,<kpm0€t)
. _ _ —vZ+ ’(vZ) +4kZ2(1-0)

(moet)? fgt U222 300 g g S 11-957g(8)f (B1)d6,

S Application

Indeed, around the world, labor in fisheries is typically compensated through a share
contract rather than a fixed rent contract or flat wage contract (van Ginkel, 2013).
Therefore, this section has two purposes. One is to apply the transaction cost theory of
sharecropping above to seafood harvesting and formally derive the determinants of the
optimal share rate. The other is to examine the policy implications for the seafood
harvesting industry under share contracts.

5.1 Share-Fishing Model

In this subsection, a model of share-fishing is developed based on the previous section.
In what follows, I suppose that a boat is considered to be owned and controlled by a captain
(typically the boat-owner). So, each boat consists of an owner and a small crew (a group of

fishermen) who work under the direction of the captain and share the rent produced by
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seafood harvesting. The purpose of this subsection is to illustrate the determinants of the
optimal share rate for the boat-owner. To apply and simplify the transaction cost theory of
sharecropping, following (Sutinen, 1975), I assume the boat-owner wishes to solve

NZexp [El(vH+km+§H2 +m/3’)]

%Eg( EU [ (8)] = E{—exp[—e,m,(8)]} = —

(eymrPq+n)?

subject to

_ Nexpley (WL+asL—pB)]
[ew(1-T)Pq+A]?

EUW [T[W(Q)] = E{_ eXp[_ewT[w(Q)]} = = Uw:

where €; and €, are measures of absolute risk aversion of the boat-owner and the

2

fisherman, respectively. Here, I introduce Stiglitz (1974)’s “utility equivalent contracts

that yield the same level of expected utility, U,,, to the fisherman.

The boat-owner’s optimal share rate is

To = €m+ey, (27).

So, I obtain the following proposition (also see Appendix Q for the formal proof).
PROPOSITION 8: An increase in the number of fishermen (m), the fishermen's absolute
risk aversion (€,,), and the boat-owners absolute risk aversion (€;) lowers the boat-
owner s optimal share rate (1;).

5.2 Open-Access Harvest in Share-Fishing Equilibrium
Fishing boats will continue to enter an open-access fishery until the boat-owners’

economic profits reach zero. These economic profits are expressed as follows:
m, = mrPq (L,%)g(@) —vH — km — SHZ —mpB = 0.

At the same time, suppose fishermen will continue to work until their total profits reach

zero, i.e.:
H
m, = (1-1)Pq (L) g(6) — WL — asL + § = 0.

Thus, the open-access equilibrium share rate can be expressed as:

30



17H+km+§H2 + mp
r = _ (28).

mWL + masL + vH + km +7H2

So, I obtain the following lemma (also see Appendix R for the formal proof).
LEMMA 9: An increase in the fishermen's specific investments (s) and labor inputs (L)
both lowers the boat-owner’s optimal share rate (ry) in an open-access fishery. 1y is
lowered (or raised) when [3 increases (or decreases).

5.3 Dynamic Optimal Regulation of Seafood Share-Harvesting

To study the allocation of the socially optimal share-harvesting policy, I consider
seafood share-fishing arrangements involving N boat-owners and m fishermen under
different market structures.
5.3.1 Perfectly Competitive Market

First of all, I consider a single stock fishery (g(6;)) harvested by N identical vessels,
with m fishermen per vessel, operating in a long-run perfectly competitive market. The

optimal allocation solves

o _ - H{_
Uy, = {Pg/rlglit}f e PN {mt [Ptg(gt)(;t)l 7(SLypt)° — WLy — th(s; Lpt)] —VvH —

k = r _
km, — EHZ — InP, — frtf nry ”drt} dt,
subject to
5 H.{_
WLy + th(s' Lpt) =(1- rt)Ptg(Qt)(m—t)l G(SLpt)a,
. 1
my = o (Le — Lpt)a

m, = myet,

g(6,) = F[g(6)] — Nm.g(6,) = g(6,) — [9(6.)]* — Nm,g(6,),
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where g(0,) represents stock of seafood at time t, 6, represents marine climate change,
Flg(6,)] = g(0,) —[g(6,)]* represents biological growth function of seafood (e.g.,
shrimp, lobster, Tuna, or Cod), and Nm,;g(8,) is assumed to be harvest function of seafood.
The optimal allocation is given in Lemma 10 (also see Appendix S for the formal proof).
Lemma 10: When fishermen stay in a long-run perfectly competitive market, the optimal

allocation is

1
Ft***** — nnTl (29)'

L***** — O-X (30)’

t —_ePt_ —ePt_
p <k_a' eP tl) <k_o‘ eP tl)
mope Bpt mope
P

p

-0

oX
—ePt_ —ePt_
<k_0' eP tl) <k_0' eP tl)
moe et moe
p p
— kokkckok
P = T (D),

(mpet)on1-1H1=9s9g(6,)

1o (—Ee )
]‘E -n (Elm + EW)

L2
1-vH-7H 1—7 km, 1 [1 (kmy)t™
+ + - -
p 1—-p n—-1|p 1-1n-p

o k o
iem()]+ 2
p p p

olnoy + alnm, + nlnTnl + (1 - 0)InH + olns + In [g(6,)]

+ (32).
p

5.3.2 Non-Competitive Market
Let me consider a scenario where fishermen stay in a non-competitive market. In this

case, the social planner maximizes
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U5 = MaX foo e_pt N mt Ptg(et)(i)l—o'(stt)O' - WtLpt - th(S, Lpt) - UH -
me

(P, e, Lpt} 0
km, — “H? — InP, — fr_tnr ”dr}dt
t T3 t = Jp, Mt tfdt,
subject to

= H\1 gpo-
We+as =o(1=7)Pg(0) ()" Ly

me =~ (Le = Lyo),
m, = mye®t,
9(0,) = g(0,) —[9(8)]* — Nmg(6,).
The optimal allocation is given in Lemma 11(also see Appendix T for the formal proof).

Lemma 11: The optimal allocation is

ey 30—1%2{(20—1)0

Tt = p (33))

<k_a—e/’t—1) <k_a—ep‘—1)
myet ot myet

p p

— (35),
(mee*)?[20 + 2/ (20 — 1)o]H'"7s7g(6,)

1—vH-Kp24 ([30-1i2x/(217—1)0]1_n_( ew )1_"}
U; - N 20 Tp-1t o em+ey n kmg 1 [l . (kmo)l_n] .
p 1-p  n-1lp  1-n-p

g [1 +In (E)] n 12 n olnoy+alnmgy+ln [20+2+/(20—1)0]+(1-0)InH+aolns+1n [g(6¢)] (36)
p P p p
5.3.3 Calibration

In this subsection, I calculate the difference in social welfare between the competitive

market and the non-competitive market as follows: D, =U:—-U; =
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p(n-1) p ’
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A13 present the calibrations of D; for ( 7} =Ty and 7 = T1;_, respectively (also
see the details of D, with different parameters in Figure A14 and Figure A15 of appendix).

It implies that the market structures of fishermen’s labor may indirectly affect social

welfare.

6 Conclusion

For half a century, economists have argued that sharecropping is not an inefficient
contractual arrangement. In contrast, I illustrate that if transaction costs are considered,
share contracts cannot lead to Pareto efficiency. In this paper, I began with two main
purposes. One is to develop a theoretical framework for analyzing the impact of transaction
costs on optimal share rate. The other is to apply the transaction cost theory of
sharecropping to “share-fishing” in the seafood harvest industry.

In the basic model, with positive transaction costs under share contracts, the landlord’s
optimal share rate exceeds the tenant’s elasticity of output with respect to farmland.
Additionally, the landlord’s marginal transaction and production costs cause the optimal
share rate to deviate from the equilibrium where share tenancy is efficient. Furthermore, I
have proposed a model in which the return rate from non-agricultural exploration of
farmland is positively associated with the regulated share rate; the number of tenants is
positively associated with regulated share rate; and the price of agri-food is negatively
associated with the regulated share rate, when tenants stay in a long-run perfectly
competitive market. Finally, while climate change is positively associated with the
landlord’s optimal share rate, the socially optimal share rate of the landlord is not

determined by farmland ownership arrangements or climate change. Meanwhile, when
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tenants stay in a long-run perfectly competitive market, the market structure of agri-food
does not affect the landlord’s optimal share rate.

I extend the model to account for climate uncertainty, in which the tenant’s wage rate
and marginal production cost with respect to labor both lower the landlord’s optimal share
rate. Conversely, the return rate from non-agricultural exploration of farmland, the
landlord’s marginal production cost with respect to farmland size, and the regulated price of
agri-food all encourage a higher landlord’s optimal share rate. Moreover, the landlord’s
optimal share rate under agri-food price control is higher than that without agri-food price
control, when the tenant stays in a monopoly market for agri-food. The landlord’s optimal
share rate in a duopoly market for agri-food is lower than in a monopoly market. Given that
two tenants invest in specific technologies for agri-food production, the landlord’s optimal
share rate is the function of the impact of tenants’ marginal transaction costs.

Finally, I apply the transaction cost theory of sharecropping to seafood share-harvesting
and show that the number of fishermen, the fishermen’s absolute risk aversion, and the
boat-owner’s absolute risk aversion are negatively related to the boat-owner’s optimal share
rate. In an open-access fishery, both the fishermen’s specific investments and labor inputs

lower the boat-owner’s optimal share rate.
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| PROOFS

A. PROOF OF PROPOSITION 1

The landlord problem is:



Max} m; = mrPq(L, h) — vH

{m
s.t. WL+ ¢, (s, L) < (1 —1r)Pq(L,h).
To solve this problem, write the Lagrangean:
L =mrq(L,h)P — vH — A[WL + ¢, (s,L) — (1 —r)q(L, h)P]
=mrq (L,%) P—vH -2 [WL +c,(s,L)—(1— r)q(L,%)P].
Now take the first order conditions (FOCs).

1) Start with the FOC w.r.t. m:

;—i =rq (L, %) P+ mrP Z (— —) + (1 - r)P (= —) < 0, with complementary slackness
;—Lm = 0 and m > 0. It implies that — = qu( Z) th -1 - r)P aq r=o (AD).

2) Compute the FOC w.r.t. 1:
3_1: = qu( ) APq(L, —) < 0, with complementary slackness —r =0andr > 0.1t
implies that — = qu( ) APq(L, —) =0 (A2).

3) Compute the FOC w.r.t. H:

6L dq 1 dq 1 . aL _
op = MrPo——v+ A1 -r)P - < 0, with complementary slackness ——H = 0 and H > 0.
It implies that: 2= = P21 — v + A(1 = 1)P 22> = 0 (43).

4) Compute the FOC w.r.t. A:

z—j =Wt+c(s,L)— (1 —-r)Pq(L, %) > 0, with complementary slackness g—ﬁl =0and 1 > 0.
T . oL H Co .y OL : .

It implies that if A = 0, then Pl mPq (L, ;) > 0, which violates with > = 0 in equation (A2);

. oL H :

if 1> 0, thena =WL+c,(s,L)— (1 —r)Pq (L,;) = 0 (A44). Hence, there is no corner

solution in this optimization problem.



Finally, the 4 FOCs of the landlord problem are:

'P(LH) 2 _aa-pp2lt _ o an
T\ ) T an O o m =

mqP <L, %) — APq <L, %) =0 (A42)

A

P2y iaa-nplll _ g (a3
on TV D ohm ~

H
WL+ c,(s,L) — (1 —r)Pq <L, E) =0 (44)

\
5) Solution in terms of landlord’s optimal share rate

From equation (A2),

m = A (AS).
Next, substitute in (A1):
P hP 94 1 P 94 h =0
rPq=rhP Zy —m = 0P S =
Hence:
aq aq 9q ,
rPq — tha— Pﬁh + rPgh =0.
Then:
__0q/0h
=un (A6).

This indicates that the optimal share rate is consistent with Cheung (1968)’s solution, because

dq/oh
q/h

Cheung (1968) argues that 1¢peyng = is the equilibrium condition of a share contract.

Plugging (A1) in (A3):

%9q _ _ 9q1 _
rPah v+m(1 r)Pahm—O,
or
v=pP2% (A7)

oh



That is, in equilibrium, the optimal return rate of farmland exploration equals the value of the
marginal product of farmland.

Finally, plug (A6) in (A7):

= Tpareto>

<
I
Slaful <

which is stated as in equation (1) in the text.
In this case,

m, =mr*Pq — Hv = 0.

B. PROOF OF LEMMA 1
The proof'is similar to that of Proposition 1. The landlord problem is:

{})l/[fl)é} m; = mrPq(L,h) — c;(m, H),

s.t. WL+ ¢, (s, L) < (1 —1r)Pq(L,h).



To solve this problem, write the Lagrangean:
H H
L1 = mqu (L);) - Cl(mi H) —Uu [WL + CW(SJ L) - (1 - T)Pq(L;;)]

Now take the FOCs.

1) Start with the FOC w.r.t. m:

aL1 H a H ]
5 =TPq (L, ;) + mrP ﬁ (— m—) L —+ u(l - r)P PG —) < 0, with complementary

2

6Cl
am

oL _ implies that:25L = HY _ pp2a_
slackness S m= 0 and m > 0. It implies that: 5 = TPq (L, m) rhP o

dq h

u(1—r)PL2 =0 (48).

2) Compute the FOC w.r.t. 1:

% mPq ( ) uPq(L, %) < 0, with complementary slackness %r =0andr > 0.1t

implies that — =mPq ( ) uPq(L, —) =0 (49).

3) Compute the FOC w.r.t. H:

% = mrP Z—Z : acl -t u(l - r)P — = 0, with complementary slackness —H =0and H >
imoli oLt 991 _da aq l -
0. It implies that: oy = mrPo———+ u(l — )P =0 (410).

4) Compute the FOC w.r.t. u:

Tr=WL+c(s,L) = (1 =1)q(L,2) 2 0, with complementary slackness % = 0 and = 0.

It implies that if st = 0, then 5~ = mPq (L%) > 0, which violates with 2= = 0 in (A9); if u >

0, the na—l;l =WL+c¢,(s, L) —(1— r)Pq( —) = 0 (A11). Hence, there is no corner solution

in this optimization problem.

Finally, the 4 FOCs of the landlord problem are:



(P<LH) ppdd_ 9 (1 )P 97 _ o s
™ T =0 (48)
H
Pq(L,—) = uPq(L,—) = 0 (A9
< mPq (L>) ~ kPa(L,) = 0 (49)
plal ac, (1 )Paql =0 (A10
mrP Snm " an TR TP g =0 (410)

H
\ WL+ c,(s,L) — (1 —1)Pq <L, E) =0 (A11)

5) Solution in terms of landlord’s optimal share rate
From equation (A9), I have
m = pu (Al2).

Next, substitute in (AS8):

dq h

qu—thz—Z—%— m(1 r)Pahmzo.
Thus:

qu—thZ—Z—% h+ P h—O
or

ac;
r= ‘;*; 4 da/on aq/ah (A13).
Plugging (A9) in (A10):
rPZ—Z aCl+(1—r)P =0.
Then:
P2l =2(A14).
Therefore, substitute in (A13):
ac;
pr = om 8a/0n >—— 8a/0n = Tcheung> Which is stated as equation (2) in the text.

Pq q/h qa/h



C. PROOF OF LEMMA 2
The proof is similar to that of Lemma 1. The landlord problem is:

Max} m; = mrPq(L,h) — vH — ¢;(m, H),

{m,r.H
s.t. WL+ ¢, (s, L) < (1 —1r)Pq(L,h).

To solve this problem, write the Lagrangean:

L2 = mrPq (L,ﬁ) —vH —¢(mH)—¢ [WL +c,(s,L) — (1 —r)Pq(L, %)]

m



Now take the FOCs.

1) Start with the FOC w.r.t. m:
aL2 H ] H ]
5. =TPq (L, ;) + mrP ﬁ (— m—) L —+ (1 - r)P (= —) < 0, with complementary

2

6Cl
am

Lz T L2 _ HY aq
slackness S m= 0 and m > 0. It implies that: 5 = TPq (L, m) rhP o
p(1-1)PSL =0 (A15).

2) Compute the FOC w.r.t. 1:

aa% = mPq (L, %) — @Pq(L, %) < 0, with complementary slackness aairzr =0andr > 0.1t

implies that — =mPq ( ) pPq(L, —) =0 (Al6).

3) Compute the FOC w.r.t. H:

L2 a_qi . 661 . dq 1 . L2 _

Pl mrP o ot p(1 r)P S 0, with complementary slackness o H =0and
. . L 0L2 a_qi . 6cl . 6_ql

H > 0. It implies that: —— = mrP —— —t o1 r)P =0 (A17).

4) Compute the FOC w.r.t. ¢:

Z—IZ =WL+c¢,(s,L)—(1— r)q(L,%) > 0, with complementary slackness aa%go =0and ¢ >

0. It implies that if ¢ = 0, then 2% = mPq (L, ) > 0, which violates with >~ = 0 in (A16); if
L2 H .
@ >0, thena =WL+c,(s,L)—(1—-1r)Pq (L, ;) = 0 (A18). Hence, there is no corner

solution in this optimization problem.

Finally, the 4 FOCs of the landlord problem are:



(P<LH) w2294 _ L —pdTh g s
rPq (L) —ThP oy — 5 — e —nP =0 (415)

pa (1,2 - opa, 2y = 0 (16

< mPq (L—) = @Pa(L,—) = 0 (416)
plal ac’+ (1 )Paql—o A17

mrP S TV gy TP TP =0 (1D

H
WL+ c,(s,L) — (1 —1)Pq <L, E) =0 (A18)

\
5) Solution in terms of landlord’s optimal share rate

From equation (A16),
m = ¢ (A19).

Next, substitute in (A15),

dq h
dhm

qu—thZ—Z—E—m(l—r)P =0.

om

Hence:
rPq —thZ—Z—%— PZ—Zh + rPZ—Zh =0.
Thus:
2, /dh
r= ;—21 + ZT (A20).
Plugging (A19) in (A17):
aq acy aq _
TPE—U—E-F(:[—I‘)P%—O,
or
0q _ E
P£ =v+ (A21).
Therefore, plug (A21) in (A20):
ac; ac ac; m

“Linw+zH = C. . .
dm M 5 = % > Tcheung» Which is stated as equation (3) in the text.

*kk

Pq



D. PROOF OF PROPROSITION 2

First, I verify that the second-order conditions are satisfied. To see this, using the first-order

conditions (4) and (5), the second-order conditions can be expressed as:

|Z11] = 572 —_;>0,
a“Sw d-c
|Z22] = Sz _aHzl <0,

asw

1Z12] :ﬁ(_) :PZ_Z> 0,



_ 0 (asw\ _ ,dq
IZZlI_af(aH)_P6h>0’

. @R . . .
where by assumption, 2 < 0 implies that an decrease in regulated share rate leads to an increase

in dissipated rent (Cheung, 1974). Because when share rate is regulated at a lower level than the

market equilibrium level, public domain creating rent dissipation expands more (Barzel, 1997).
In addition, assume % > 0, which illustrates the law of increasing marginal transaction cost with
respect to total farmland owned by the landlord. Note that A= Z,,Z,, — Z,Z,; < 0, and the
second-order conditions are satisfied.

Next, the comparative static results follow from the matrix:

[le le] am| _ [Fam(5)] _ [g—gh]
Zy Zpl|3E (55 or

om\ 0H

where
dq
) mh le aq
aT‘ O Z22 %hZZZ

om Z11222 - ZIZZZI lezZZ - ZlZZZI

Equation (A22) indicates the extent to which regulated share rate can be increased by
introducing return rate from non-agricultural exploration of farmland.
Similarly, with regard to the impact of the return rate from non-agricultural exploration of
farmland on regulated share rate, I obtain the following matrix:
[211 le] l%l — l_%(ig—;v)l — [0]
Zn Z2l|G) 5G]
where

0 Ziy
i _ 1 Z22 _ _ZIZ
0V Z11Z22-Z12Z21  Z11Z22—Z12Z21

>0 (A23).



Equation (A23) indicates the extent to which regulated share rate can be reduced by introducing
the return rate from non-agricultural exploration of farmland.

Finally, I derive marginal relationships between 7 and P from the following matrix:

[211 le] l— _ [—%("’3?)] _ [—mq],

Zy1 Zz]|3k - -2(%) 724
where
—mq Zi;
_0 _0
or _ _Tﬁ Z3; _ —Z3,mq + Z127’£

— = = <0 (A24).
aP lezZZ - Z12221 lezZZ - ZlZZZI

Equation (A24) indicates the extent to which regulated share rate can be reduced by increasing

the price of agri-food.

E. PROOF OF LEMMA 3

First, from the first-order conditions (7) and (8), I obtain

asw H

Y =mrq (L) -22=0 (425),

and

osw _ poa_ _da_
aH—rPah v 6H_O (A26).

Using equations (A25) and (A26), the second order conditions can be expressed as:



|]11| = 2w = _a;PZ >0,
/22 = W — 32621 <0,
/12l __(aas_:/) = TZ_Z >0,
/211 = (aas_HW) >0

Since A'= J;1J22 — J12J21 < 0, the second-order conditions are satisfied for the requirement of

social welfare maximization.

Next, I derive marginal relationship between P and v as the following matrix:
Ji1 ] 12 25 )| _ ]
21 J 22 ’

where

35 |0 ]12|
P —

= I Jal fz__ 5 0 (427).
0V Ji1J2z2—Ji2J21 Ji1J2z2—J12J)21

Equation (A27) indicates the extent to which regulated price of agri-food can be reduced by

decreasing the return rate from non-agricultural exploration of farmland.

F. PROOF OF PROPROSITION 3

The social planner problem is:

Uo == _MaX foo e_pt {mt [pth:t]:_al‘gt - WtLpt - th(S, Lpt)] - ’UH - kmt - EHZ - lnpt -
{Pe.Te.Lpt} 2

frit** nry " drt} dt,

s.t.

WtLpt + th(s, Lpt) = (1 - Ft)Pthl O-Lgt,

1
my = o (Le — Lpt)a



m, = myet.
Next, define Hamiltonian with state variable m,, control variables {P,, 7%, L.} and co-state

variable u;:
_ — . % _
}[(Pt; Tt Lpt:mtuut) =m [Pth% 7Lyt — Wilpe — th(S; Lpt)] —vH — km; — EHZ — InP, —

g _ = — —\TS 1 1-04+0 k
f:;:t** T]’I’t nth + %(Lt - Lpt) - mt I:Pth.% O-Lgt - (1 - Tt)Pthg Lpt] - UH - kmt - EHZ -

_ = 1=1 _ .xxx\1—7) _ % _
lTlPt—T]%-}'%(Lt—Lpt) :mtftpth%_aL;t_vH_kmt_SHZ_lnPt_
T—,tl—‘r]_(r***)l—n

u
1_n +;t(Lt - Lpt)'

The FOCs are:

( o0H _
oH 0
) P,
oH 0
or,
0 /om, L
p=—""+—
\ Ht Ht
Start with 2= = 0, which implies
dLpe
om, 7 Phi Lyt =
and therefore

Ly = (ot yot (430).

= 5 pl—0
xomTiPehy

N s
Next, consider — = 0:
aP;

~11-0j0 _ 1
mtTtht Lpt —_ ﬁ_t'

Substituting gives



(A31).

- = pl-070
mtrtht Lpt

oK
— =0:
> o1

The next FOC is similar
mPht LS, =07,
Substituting gives
1
7. =nn-t (A32).

O /om,

Ut Ut t

Finally, the last FOC is p =

a}[ = ftpth%_o-Lat + (O- - 1)ftpth%_o.Lo-t - k = i - k.
om, p p m,

Substituting this into the FOC and rearranging to solve for u, gives

te—ppe =k -z

mt'

Solving for p;:

g

p

k_mi k_mi = oet k- Uef
M=\ Ho —— |+t = ho +— 2= et —— 5= (433).

(1) Solving the Optimal Allocation

The 4 FOCs are:

(L= (—2 51 w30
Pt xom i Pchy™®

P, =— (A31
Y om Akl OLe (431)

pt
1 1
7" =n11 (432)
o o

i =|to+———|e’ -

\
1) Solving for L, and P(egs. A30 and A31).

Combining (A30), (A31), and (A33) gives

i . . . 0K .
+ 2 The derivative of the Hamiltonian oo st



Ly == S — (A34).

pt * k— k—
He mget mget
Uot ePt
p p

Again, combining (A31), (A32), and (A34) gives

oX

k——" k-——2—
L moet ) ot mope
Pot—p —|¢ P
— % 1

B, - (A35).

(moet)aanl_U

mtft*h%_”L’;ﬁ -
2) Solving for U,.

2Ly n(w+2hy . . .
E— Plugging equations (A34) and (A35) yields:

According to equation (3), r*** =
9¢; 9L k+lwikH)  kt-(v+kH)
+h(v+ ~
o) _ e = —"t = km " + 7 'H(v + kH) = 7" [km, +

— x
mgre

Pq P hETOLg

1
H(v + kH)| = n=1(kmget + Hv + kH?) .
Next, by definition U, = [~ e~ {mt [Pehi™7 LS, — WiLpe — cye(s, Ly, )| — vH — km, —

k = 2 _
EHZ — InP, — f:f** nr "drt} dt. Then:

® — % ]; . 77 *N1-1n __ r*** 1-1
Uy = f e Pt lmtft*Pt h,}“’L’;,‘{ —vH — km; — EHZ —InP, —n (e ) 1 _(77 ) ldt
0

lm ¢ 1 _
7 nn-1 — [nn—l(kmoet + Hv + kHz)]
dt

1-n7

o 1 1 - - .
=f e‘pt{<1—vH—§H2>—kmoet—L[E—E(kmoet+Hv+kH2)1 n] — InP; }dt
0

°° k 1— (kmget + vH + kH?)'™" .
=f e Pt 1—17H—§H2 — kmget — T=n — InP, ¢dt
0



= fooo (1 — vH — gHZ) e Pt dt + fooo(—kmoet)e"’t dt +

k 2
1-vH—H?  km,

foo ( 1—(kmgoet+vH+kH?)1™1 n
0

- ) e Ptdt + fooo(—lnlst*)e‘pt dt =

1-p

olnoy+aolnmg +an+ (1-o0)InH

;[E_M

n-1lp l—n—p]_%[1+ln(#0+5)]+%+

p p

Note that:

1—UH—§H2

(i) fooo (1 — vH —gHz)e‘pt dt = (1 — vH —gHZ) foooe‘/’t dt =

Sy (P (= o—Pt Jt = — ® L(1-p)t g — ZKMo T ,(1-p)t]* — kMo
(ii) fo (—kmget)e Pt dt = —km, fo e dt = - [e ]O =1 because

1

lim e(1=P)t=]im
t—oo t—oo elp-1t

= 0 and lim e@=Pt=1(p>1).

ooy [ 1-(kmget+vH+kH?)T™T\ _ 1 (o = 1-n. _
(iii) f (— Tod 1:7 )e Prdt == ["[1— (kmoe® + vH + kH?) " "le™P*dt =

o) (o) 1, 1- ©
[ e omest i B s = e (e

~ 1_17

vH+kH? _ 1 1 00 o 1 [1
t) e Ptdt] ~ —[——f (kmgyet)™ e ptdt] = —[——
kmge n-1lp 0 n-1lp

1= (® ot(1-m) g=ptge| = 2|2 — 1-n (© ,t(1-n-p) g¢] = _L_[L _ kmo)'™"
L dt] n—1[p (ko)™ [~ etimm=r dt] n-1 [p 1-n-p ]

-0

ox
[ ag
(”O*R moet)ept ‘ moet
P P
(iv) [°(—InP, )e Pt dt = — [ e~PtIn 3 dt = —["e P {oln l(#o +
(moet)UnFHl_”

4 Kk— o
moet> ePt — m_oetl — O'an')( — O'lnmo — ot — lnT‘r] — (1 - O')lTlH}dt =

p p

w ag k— ag o
—J, e {oln KMO + zoet> eft — %etl —ot}dt — [ e P*{ — glnoy — alnm, — m _

n-1



a k— o
(1-0)inH}dt = — [ e Pt{cIn l(#o + ’Z"et> eft — ﬂl}dt — [" —ate~Ptdt —

o 0

0]

[—olnoy — olnmy — 2% — (1 — 6)InH] [,

—-pt _ ® . —pt
- , ePtdt=A+o [ te Ptdt+ [olnoy +

L _ ® pt gy — _C 3 o
olnm, +n—1+(1 0)InH] fo e~ Pt dt = p[1+ln(”0+p)]+ n

p?

glnoy+olnm, +Tl%+(1—o)lnH

b

p

where A = — fooo e P{oIn l(uo + 'Z"et> ePt — %l}dt = — fooo e P{oIn l,uoept +

g o
(k_m“et)ept _ et Yt = — [“ e P{sIn [,u ept X% 9 g _ky o ]}dt
p P 0 0 pmo p  pmget '
o pt o k
B lim—— =0, then: A = — [ e~ Pt ln[ ePt 45 9 (-1t ——] dt.
ecause lim-—" , then fo {oln|poe? + p pmy p }

. pt .
For large t, if p > 1, then P! grows much faster than et The term pye”t and keT dominate

o _ k
over — e(P=Dt gnd =,
pmo p

Therefore:

kePt

> )dt =—0 foooe‘pt In [(,uo + S) ept] dt =

A~ —c foooe‘pt In (yoept +
[ —pt k t [ _—pt k _
of, e” ln[(y0 +p) +neftldt = —o [ e™*In [(ﬂo +p) +pt] dt =
—0 [ ePtIn (,uo +E) dt—o [ e Ptptdt = —cln (,uo + E) [Fertdt—op [ e Pitdt =
0 p 0 p 0 0

—O'lTL([LO +%) _op

- p2=—%[1+1n(y0+§)].



G. PROOF OF PROPROSITION 4
The landlord problem is:

Max} m; = mrPg(0)q(L,h) — vH — ¢;(m, H),

{m,r.H
s.t. WL +¢,(s,L) <(1—=1r)Pg(0)q(L,h).

To solve this problem, write the Lagrangean:

L3 = mrPg(0)q (L,i) —vH —c(m,H) — ¢ [WL +cw(s, L) —(1— r)Pg(@)q(L,%)].

m

Now take the FOCs.

1) Start with the FOC w.r.t. m:



aL3 H aq
e rPg(0)q (L,;) + mrPg(9)£(—

) =22+ (1 = 1)Pg(6) 32 (- ) < 0, with

m?2
aL3 . . 0L3 H
complementary slackness S m= 0 and m > 0. It implies that.ﬁ =1rPg(0)q (L, ;) —

aCl

rhPg(8) 32 — 2L — p(1 - r)Pg(8) 2= = 0 (A36).

2) Compute the FOC w.r.t. 1:

% =mPg(6)q (L,%) —@Pg(0)q(L, %) < 0, with complementary slackness aai:r = 0 and

H

=)= oPg(0)a(L,3) =0 (437).

m

r > 0. It implies that: % =mPg(6)q (L,

3) Compute the FOC w.r.t. H:

% = mrPg(0) Z—Zi - ? —v+¢(1—-r)Pg (9) — < 0, with complementary slackness
%H = 0 and H > 0. It implies that — = mrPg(H)—— —v— acl —+ o1 -1Pg(0), aq =
0 (438).

4) Compute the FOC w.r.t. ¢:

Z—lj =WL+c¢,(s,L)—(1—-1r)g(@)q(L, %) > 0, with complementary slackness Z—[j(p = 0 and

@ = 0. It implies that if ¢ = 0, then 5= = mPg(8)q (L, ) > 0. which violates with 2= = 0 in
(A37);if @ > 0, then— =WL+c¢,(s,L)—(1— r)Pg(Q)q( —) = 0 (A39). Hence, there is

no corner solution in this optimization problem.

Finally, the 4 FOCs of the landlord problem are:



(+Pg(0 <LH) hpg0y 22 _ ¢ (1-r1)P 021 _ o (436

H H
mPg(6)q (L—) — pPg()a(L,—) = 0 (437)
dc, dq 1

dq 1
mrPg(H)ﬁE —v-on + (1 - r)Pg(H)ﬁE =0 (A38)

H
WL +c,(s,L) — (1 —1r)Pg(08)q <L, a) =0 (A39)

\
5) Solution in terms of landlord’s optimal share rate
From equation (A37),

m = ¢ (A40).

Next, Substitute in (A36),

dq h

aq @
rPg(6)q —rhPg(8) 5t — 2L —m(1-r)Pg(8) 2= = 0.
That is,
dq dc; aq aq
rPg(6)q —rhPg(0) n am Pg(6) £h +rPg(0) Eh =
Hence:
o dq/on
_ _am q
"= @ T am (A41).
Plugging (A40) in (A38),
9q acy 9q _
rPg(9)£ —v——t 1- r)Pg(B)E = 0.
Thus:
0q _ E
Pg(6) vt (A42).
Therefore, substitute (A42) in (A41):
?Jrh(“%) 9q/dh S . .
r = n > = Tcheung> Which is stated as equation (13) in the text.

Pqg(9) q/h

In this case,



acy
ar**** . ar**** , _ ﬁ ,

H. PROOF OF LEMMA 4

The social planner problem is:

© ) AZ 41—
U, = {Ft,l;/t[,%;,/'l} J, e** {mt [Ptg(et)(;t)l ILS — WiLpe — (s, Lpt)] —vAZ —km, —

N | &

(AZ)? — InP, — f;i**nrt_"drt} dt,

s.t.



~\D AZ 41—
Wprt + th(sy Lpt) = (1 - Tt)Ptg(et)(E)l O.Lgta

. 1
my = o (Le — Lpt)a
_ t
m; = myet.

Next, define Hamiltonian with state variable m,, control variables {P;, 7, L, A} and co-state

pt

variable u;:

7'[1(13t:77t; Ly, my, 4, Iit) =m [Ptg(gt)(i_zt)l_all%t — Wilpe — th(s, Lpt)] —VAZ — km; —

N | &

— 2 _ = AZ1_
(A2)? = InP, = [[..nr M + 2 (L — L) = me |Pug (00 C2)' L9 — (1 -

,r—,tl—n _(r****)1—n

D AZ\1- k 5
FPg(00) ('~ L] = vAZ — ke, 3 (A2)? ~ InP, — 7 HE Lo = Lye) =

1-n

1-0 —T]_(T****)l—n

_ = A k = et
mtTtPtg(gt) (m_Zt) Lgt - U/IZ - kmt - E (/1Z)2 - lTlPt - T] It + % (Lt - Lpt)'

1-n
The FOCs are:

( 0H,

0H;

0H;

dA
_OHy/ome i
p=—
\ Ht He

Start with
Lt

= 0, which implies

_ = AZ\'TO
om, 7 P.g(6;) (E) LZt t= %

and therefore



_ Ut %
Lpe = ( )71 (443).

_ = AZ
XOMTePrg (Gt)(m—t)

L
Next, consider — = 0:
P,

_ Az\179 1
m.7:g(6;) (;t) L{'n = P

Substituting gives

P, = : (A44).

=g
_ AZ
me7eg (6t) (m—t) Ly¢

The next FOC is similar, % = 0:
t

- 1z\179 __
mPg(00) (52) Lo =",

Substituting gives

1
£ =11 (A45).

o 0:

The next FOC is similar,

— 7z o ~
(1 - O')mtftptg(et)ﬂ_a (;) L%t - UZ - k/lZZ = 0.
t

= AZ\'7°
(1 —=o)mr:P,g(6;) (ﬁ LZt 5
= 3 : —vZ —2kZ* =0

1—0 - -
:T—vZ—AkZz=0:>1—J—AvZ—/12kZZ=O

= (kZ)H22 + (WZ)A+(c—1) =0

Substituting gives

—vZ+ (vZ)2+4kZ?(1-0)
2kz2

A=

(A46).

Hy .

Finally, the last FOC is p = 90/9me 4 Kt The derivative of the Hamiltonian Z

Ut Ut mg

1S:



OH; VYA AZ\'°
am,

Substituting this into the FOC and rearranging to solve for u, gives

te—ppe =k -z

mt'
Solving for p;*:

"ok mo-et k_mdet *
W =<uo+ . )ept— = K (447).

(1) Solving the Optimal Allocation

The 5 FOCs are:

( U 1
Lpe = ( — )0 (443)
7 P.g(6,) (5=
xomr.P.g(6,) (mt
_ 1
P, = A44
t m fg(e)(’l—z 1_0L“ i
tht t/\m, pt
1
. 7t =n1-1 (A45)
—vZ + \/ (vZ2)? + 4kZ2(1 — o)
1 = _ A46
2kZz2 (446)
e — maet e — maet
W =| ko +TO eft — °— (447)

1) Solving for L, and P;(egs. A43 and A44).

Combining (A43), (A44), and (A47) gives

*k*k ox — J*
Lye = Tt = Lye (A48).
mgpe mge
<Ho+ po >ePt pO

Again, combining (A44), (A45), (A46), and (A48) gives

_ _ o
= 7,P,g(6,) (;) 12, + (o — 1)7P.g(6,) (E) 19, —k=——F
t t



—o -0
a X g g 2x a
k k k— k—L
. (#0+ Tzoet>ept rZOet (#0+ Tgoet>ept Tz()et
P = —- = - W (A49).
t - *7\1— -vZ+ |(v +4 1-0
(meeh)on1~1(A*Z)1%g(6) (Mo et)u'nr, i — 11-94(6p)
. .. ap
Therefore, compute the derivative PYTR
- -0
ox
7] o
k= et k= et
L 'u'O + p 0 ept,' — p 0
0P, | |
FYE =(c—-—1DA")° T <0.
(myet)” n-171-0 6,)
0 N g\be
2) Solving for U;.
. : ) : . :
According to equation (13), r**** = f’mPT Plugging equations (A48) and (A49) yields:
s g:,lﬁh( +acl) k+mit(v+kH) k+mit(”+’~‘H) e 5 1
T = e ® E**h%“’L’;,‘ig(G) = mt;t** =km, ;" + 1 H(v + kH) = nn—l[kmt + AZ(v +

kaz)| = n" =1[kmge’ + AZv + k(1Z)?].

Next, by definition U; = [;” e™P* {mt [Ptg(Ht)( oL, WtLpt—cwt(s,Lpt)] —vAZ —

m, — % (A2)? — P, — [...nr,"dr } dt. Then:

* 1-o0 7

*© — k% k — k%
U, = f et lmtft**Pt 9(6,) ( ) g — vA°Z = km, — 5 (1 Z)* = InP,
0 t

S RN *kxkxk\1—1)
) (r=) l dt
1-n7



® k — k%
= f e P11 —vA*Z — kmgyet — E(A*Z)Z — InP,
0

1 1 N o
N1 — [nn—l(kmoet + A Zv + k(A*Z)Z)]
_n — dt
o 2 1 1 , -
- f et {[1 oA Z =5 2]~ ket — T [ (emoet + 220 + @ 2)) |
. 2 1-nlp n

— lnPt**} dt

* k 1— (kmget + 1*Zv + k(' 2)2)" "
=f e‘pt{[l—v/l*Z—E(A*Z)z] — kmget — (e, @2)”)
0

1-n

— lnPt**} dt

= fooo[l —vA*Z —S(A*Z)Z]Q_Pf dt + fooo(_kmoet)e_pt dt +

o0 1—(km et+A*ZV+E(A*Z)2)1_n _ ) = kky
5= o le Pt dt + [ (=InP, " )e Pt dt =

—vz+/(wD2+akz2(-a0) k,VZt /(v2)2+4kzz(1—u) 5
v [
2

1_

= = ] km 1 1 (kmyg)tl™" o k
194 2kz +—4— [— _ Lemo) 7 ] —=[1+1n (uo + —)] +
p 1-p  n-1lp  1-n-p p p
Inn —vZ+J(W2)2+4kZ%2(1-0)
o + Jlna}(+alnm0+ﬁ+(1—a)ln[ iz + ]n( 1 )l 1 93 _ 2960 + @)
p? P V2mog) p 20§ 2B+p  B+p  p’’
Note that:

R
() J;[L = vAZ — £ (12)%]e ¢t dt = [1 — vAZ —E(AZ)Z] [Fertdt = M -
0 2 5 ) -

1_

—vz+ /D 2+akz2(1-0) K, ~VZ+| WD) +akz? (1—U)]2
v &
2

2kZ 2kZ

p



.. w, t\,—pt _ 00 (1-p)t __ —kmy (1-p)t ®©  kmg

(i) f, (kmge")e Pt dt = —km, [ e dt = — e ]O =1 because
. (1-p)t — 1: T . (1-p)t —

fim e~ = im 5 = Oand g0 = 1. (0> 1).

1—(kmoet+/’L*Zv+I~c(/1*Z)2)1_77
1-n

(iii) - le=Ptdt = nlj 11— (kmget + vA°Z +
k(A 2)?) et = | [ et dt - [ (kmoet +vA'Z + k(1'2)?)' " etdt| =
n—-1 170 0 0

_ o ¥ L T 1-n oo
~ i— J5 (kmoet(l +M)) e‘ptdt] ~ LE— Jy (kmget)*=n e‘ptdt] =

n-1 kmget n-1
11 1-n [ pt(1-n) p=ptg¢| = 1 [1 _ 1-n (® pt(1-n-p) g¢| =
—y (kmy) fo e e dt] — [p (kmy) fo e dt]
11 _("mo)l_"]
n-1lp 1-n-p I’
[« °x g
(iv) [ (=InP, " )e Pt dt = — [ e P In —- dt =~ [ e ?{oln l(ﬂo +
(mget)on1-1(A*Z)1=%g(6y)
_mget t k_m(;‘et Inn *
— ePt — — |- olnoy — olnmy — ot — i (1—-0)in (X*Z) —Ing(6,)}dt =

ag

© mgel k_# ©  _ l
— [, e”{oln l<u0+ p" )ept—TOl—at}dt—fo e pt{—alna)(—alnmo—nnfnl—

—vZ+J (wZ)2+4kZ2%(1-0)

(1-o)n| — ] —Ing(8)}dt = — [ "e~"*{oIn Kyo + ’;Oet> ePt —

ag

__moet — [®° —gte=Pt dt — {— — _m g
. l}dt J, —ote Pt dt — {—alnoy — alnm, - 1

—vZ+J (vZ)2+4kZ2%(1-0)
2kz

o)n [ 13 fooo e Ptdt + fooo Ing(8,)e~Ptdt = —%[1 +In (,uo + %)] +

—vZ+(vZ)2+4kZ%(1-0)
2kz

afooo te Pt dt + {olnoy + olnm, + Tl]nTnl + (1 —-0)n| ] fooo e~ Pt dt +



k[mﬂﬂnemﬂt:_;ﬂﬁ%n@o+ﬁ]+;+

nm —vZ+/WZ)2+4kZ%2(1-0)
alna)(+alnm0+n_1+(1 g)ln [ iz 1 1 1 93 2146, Mé
+In S (e Fey
P V2mog) p 20§ “2B+p  B+p p

0r— 2 _ [ _
When g(6,) = -=—exp [ %} and 0, = Bpe~Ft, [“[Ing(8,)]e " dt =

o _ 1 (G ) (06— )2
Jy e ptln{mae exp[ t_ko ]}dt—f e ptln{\/_ exp [—%]}dtz

ot (6¢— lte)] _ ot
Iy e7Pt{in (= )+lnexp[ ydt = ["e" ln(\/_oe)dt+

o8] _(9t—ﬂ9)2 —pt _ 1 ®© —pt 1 po» _ 2 ,—pt _
J5 [ R ]e dt—ln(mae)fo e Ptdt 2agf0 (0, — ng)e dt—ln(mag .

209

oo 2
%fo (6oe™P* — pg) e Ptdt = In (mag) zf (03e 2Pt — 2ug00e Pt + pf)e Pt dt =

1 \1_ 1 (®rg2,-(2B+p)t _ —(B+P)t o 12 =PtV At —
In (\/ﬁoe) p 20} fO [Boe 2ugboe + pge P*ldt =In (

)1 _
\/ﬁd’g
% [93 f0°° e~ B+t — 2ug6, f0°° e~ B+P)t 4t 4+ Mé f0°° e~Ptdt] = In

2“990_'_@)
B+p p’’

(Jfﬁag) 209



[. PROOF OF PROPROSITION 5
The landlord problem is:

Max} m; = mrPg(0)q(L,h) — vH — ¢;(m, H),

{m,r.H

dcy

—(1— 9q
s.t. W +— = (1-r)Pg(0) TR

To solve this problem, write the Lagrangean:

L4 =mrPg(0)q (L,i) —vH —c(mH)— ¢ [W + aac_;”_ (1-7)Pg(6) Z_Z]'

m

Now take the FOCs.

1) Start with the FOC w.r.t. m:

aL a a 0
S =rPg(6)q (L o) — rhPg(6) 32— 2 — (1 = 1)Pg(8) 5o = 0 (A50).

om m 0LOh m

2) Compute the FOC w.r.t. 1:

L4 H dq _
2t =mPg(8)q (L) — 9Pg(8) 51 =0 (45D).



3) Compute the FOC w.r.t. H:

94 _ mrPg(Q)—— —v— ac,

Py +go(1 r)Pg(6)—== (q) —=0 (452).

4) Compute the FOC w.r.t. ¢:

aLa dew a4 9q _
0 w + o (1-r)Pg(6) 5 = 0 (453).

Finally, the 4 FOCs of the landlord problem are:

(Pa@)q (L) = rhpg(o 9% _ (1 - vPg(o R _ o (as0
rPg(8)a (L) ~rhPg(8) 5t — 2L — (1~ IPg(8) 5 = 0 (450)

H dq
mPg(6)q (L,E) ~ pPg(0) 5] =0 (451)

aq
dc a(

- OH

\ W+aa—L—(1—r)Pg(9)—— 0 (A53)

oL

mrPg(H)a—q— % (1 —1)Pg(6) )% =0 (452)

5) Solution in terms of landlord’s optimal share rate

From equation (A51),

_»04q
m=-3 (A54).

Next, substitute in (A50),

d h
rPg(8)q — rhPg(6) 24 — 2% _ M (1 _r)pg(e) 2L L =

6L

Hence:

rPg(8)q — thg(Q)—q — 2L (1-1)Pg(6) - "’"’ —h = 0 (ASS5).

Substitute (A54) in (A52),

aCl _
rPg(H)——v—£+ (1—r)Pg(9)m 0.

Then:



—rhPg(6) 04 -+ vh+ 9c —h = 5 (1— r)Pg(8) 2L

aL

SLon 1_h (A56).

Therefore, substitute in (AS55),

?+h(v+%) e C g : :
= —mpqg(e) = r****, which is stated as equation (14) in the text.

nc

J. PROOF OF LEMMA 5

The social planner problem is:

o _ = AZ 4 k
U= Max [*e?{m,|P, 9O LG = WLy, — @SLye| = vAZ — km, - (A2)? -

{Pt,7e,Lpt,A}
InP, — f:rtlc nre " drt} dt,
s.t.

W, + as = o1~ )P () (L) -7 L,
1
my = o (Le — Lpt)a

m, = myet.

Next, define Hamiltonian with state variable m,, control variables {P;, 7, L, A} and co-state

pt’

variable u;:



‘7{2 (Pt' Ft' Lpt' mg, A, :ut)

_ AZ koo
t

Tt
—f nry dry +
T

nc

U
;t (Lt - Lpt)

_ Az, o o Az
=m Ptg(et)(m ) Lpt —a(1- Tt)Ptg(et)(E) Lyt | — VAZ — km;
t t

k = t Ut
rne X

1-o0 T

K _
) Lge = vAZ — km, = (AZ)? = InP,

=m(l—o0+ O-Ft)Ptg(Gt) <E
t

= 1-n __ ncyl-n
Tt (r") He
— “(L,—-L
T] 1 _ n + X ( t pt)
The FOCs are:
( 0,
=0
OLy;
Mz o
0P,
oH.
. 2 =0
ar;
0,
Y
_0H,/0m, iy
p=—T—"+—
\ Ht Ht
Start with 22 = 0, which implies
Lt

5 AZ\"7% -

and therefore

1
Ly = | 7 (457).
Xamt(1—0+art)Ptg(9t)(m—t)



0N
Next, consider —= = 0:
9P,

_ Az\'79 1
mi(1—o+0a7)g(6,) (m_r) Lye = A

Substituting gives

P, = : (A58).

_ Az\'77 .
m¢(1—-o+07:)g(6¢) (m—t) Ly

The next FOC is similar, aai =0:

2
Tt
- 1z\179 __
maPg(0) (52) Lo =ni "

Substituting gives

— 7N
1—a+aft_nrt )
= :Ltn: (1—-o0+o7)=0r" >n(1-o0)+nor, = ot = or,"
n 1—o+of, n t t n nor t t
1—-o0
=n(1—o0) +not, = 7" :—77( - )+m"t

While an explicit analytical solution for 73 in terms of 1 and o is not easily attainable due to the
complexity of the equation, if n = 0.5, I can use this specific value to simplify the expression

for 7; in terms of 0. Let's proceed with substituting 1 = 0.5 into the equation:
705 = 0.57, + =
R
Square both sides and expand the right-hand side, then rearrange the equation to form a quadratic

equation:

_ ~2 , 1-0 1-0.7 _2 , = (1-30 (1-0)2
7, = 0.251.° + - rt+(20_) = 0.257; +rt(20)+ = =0.

So, the solutions for 7} in terms of o are:

30-1 1-30"\2 (1-0)2
+J( = ) —4%0.25

— k4% _ 20 202 _ 30—11—2,0/(20—1)0 (A59)

- 2x0.25



The next FOC is similar, % = 0:

1-o0

_ z i}
(1 = )m(1 — o + 67,)P.g(6,)A~° (E) L9, — vZ — kAZ? = 0

t

_ /’{Z 1-0
(1 -o0)m(1 -0 +o7)Pg(6,) (W Ly N
= 3 : —vZ —2kZ? =0

1—0 - -
:T—vZ—AkZz=0:>1—J—AvZ—/12kZZ=O

(kZDHX2 + (W2)A+(c—1) =0

Substituting gives

—vZ+(v2)2+4kZ2(1-0)

A= T (A60).
Finally, the last FOC is p = % + % The derivative of the Hamiltonian Z% is:
t t t

OH, o YA o AR
. = (1 =0+ 0T)Pg(8) <E) 19, + (6 — 1)(1 — 0 + 07)P,g(8,) <E) 19, — k

o

=——k.
my

Substituting this into the FOC and rearranging to solve for u, gives
. o
fe—ple =k — {

t

Kok,

Solving for p;™*:
e = 1" (A61).
(1) Solving the Optimal Allocation

The 5 FOCs are:



1
( He 51 (A57)

Lpt:[

1—0]
xom(1—o+ Uft)Ptg(et) (fn_zt)
P 1 (A58)

Pt = A7 1-o0
mi(1—o0 +07)g(6,) (Wt) L‘{)t

v 30—1%2/(20—1)0
. 7 = (A59)
o
—vZ + J(vZ)Z +4kz2(1 - 0)
A = _
2kZ2
Je— maet e — maet
— 0 |ePt — ——— (461)

(A60)

W =\ to +

\
1) Solving for L, and P;(egs. A57 and A58).

Combining (A57), (A58), and (A61) gives

*kx ax T
R S 75
<Mo+ m08t>ept moet

p p

In addition, combining (A58), (A59), (A60), and (A62) gives

-0

ox
k-——2— k-——2—
L moet | ot moe
Hot—p— ¢ P
— k%%

P, =
(moet)?(1-o+or) L2 2RIV G uzy1-0 (g,

-0

ox

k-——2— k——2—

L moet | ot moe
Fot—p — J¢ P

—vZ+ [(vZ)2 44k Z2(1-
(moet)?[20+2@o-Da][ Nt D 110y gy

(A63).

2kZ

2) Solving for U,.



acy acy
am+h(v+aH)

. . NC — gexkkx
According to equation (14), r™¢ =r Pag(®)

. Plugging previous results yields:r"¢ =

30-1+2 (20’—1)0'] [kmt + A**Z(U + I’EA**Z)] _ [36—1i2 (2(7—1)6][kmoet +

g

2 Zv + k(A7 2)?].
Next, by definition

o _ — AZ 4 _ k =
Uy = [ ert {mt [Pt 9O LG, = Wil — asby| = vAZ = kem, = 3 (A2)? — InP, -

frfrtlc nry " drt} dt. Then:

Hk 1-0

*© = k*kX A
U, = f et [mt(l ~ o+ ai)B g0 ()
0 m;

k
Ly = vA"Z ~ km; — 5 (A" Z)*

— kkxk (ft***)l_n - (rnc)l—n
InP, n =7 dt
o k - 36 —1+ 220 - 1o
- f e~ Pt [1 —vA™Z — km, — > (A*2)? —InP,  + 1 [ ( ) 1*"{1
0 n—1 o

— [kmoe® + 1 Zv + 12(,1**2)2]1‘”}] dt

* k 30 —1+2/(20 -1
= f e‘pt{[l —vA*Z —E(A**Z)Z — A7 = kmget + 1 [ i +2J@0— Do
0

1-9
n—1 o (e

— [kmget + 2 Zv + 12(,1**2)2]1‘”} — lnﬁt***} dt

= fooo[l —VvA"Z — %(A**Z)Z — A" %e"Ptdt + fooo(—kmoet)e_pt dt +

fomrl”j [3“‘1i2V0(2"‘1)"]1—n{1 — [kmoet + 2 Zv + k(1*2)2] "ePt dt +

-vZ+ /(vZ)2+4EZZ(1—o) 5
= ]
2kZ +
p 1-p

v—vz+\/(vz)2+4kzz(1—a) k
[ee] = k%X - =
_ -pt _ 2kZ 2
Jy (=InP, " )e~Ptdt =

—_

kmo

+



n_ 30-142y(20-1)a 1y [ (kmo)l_"] 71 ( k) o
— ST T+ in(pe + )]+ S+
11—1[ o I p 1-n-p p[ Ho p ] p?
olnoy+alnmgy+ln [20+2,/(20—-1)c]+(1-0)Iln [—vz+ (UZ)ZZE-';EZZH_J)] 41 ( 1 )l _ L 05 2ugbo
p 2nog/ p 209 2B+p B+p
)
Note that:

0) ;70— w2 =5GPl de = [L=oaZ = S G2 7 et de =

[l—vﬂ**Z—E(A**Z)Z] _ —vZ+\/(vZ)2+4kZZ(1 o) kUt (vZ)%+4kz2(1-0) 2
2 — 2kZ 2! 2kZ ]
p p

.. ) _ ) _ —km _ 0 km

(i1) fo (—kmgyet)e Pt dt = —km, fo e-Pltde = TO [e(=P)E] © = =22 because
p 0 1-p

lim e@Pt = lim —— = 0 and lime@ Pt =1 (p > 1).

t—oo t—oo e(p e d t—0 (p )

(i ;| P CemloNon ) — [kmget + 27 Zv + k(1 2)2] e Pt dt =

30-14+2{(20-1)o
n—-1 o

157 [0 — [kmget + 2 Zv + k(12)2] "} Pt dt =

30-14+2{(20-1)o
n—-1 o

1E1(f° et de — [[kmoet + 27 Zv + k(A 2)?] " e Ptde} =

30-14+2{(20-1)o
n—-1 o

© %o Try* o2y 171
1 [1 -/, (kmoet(l 4 LA i:nk(jtz) ) e‘ptdt] ~
0

p

M 30-142J(20-1D0y1y [l_ o ty1-n ,—pt ] _L[l_
11—1[ ~ ] . fo (kmgyet)1™" e Ptdt =05

30 1+2,/(20-1)044

(kmg)t~ ”f etd-m ¢ ptdt] . 1~ E— (kmg)'=" foooet(l_”_p) dt] =

n_ [30'—112 (20—1)0']1_,1 [l . (kmo)l—n]
- o P 1-n-p I’

=



-0

ox
k——2— k-——2—
moe’ | _pt mope

Hot ) )
N ©r — kokok —pt — _ I —pt (
(”7) fo ( lnPt )e dt fo e In (moet)”[ZO'iZ /(20_1)0](/1**2)1—Ug(9t)

t

- g k— g
— [, e*{oln l(uo + 'Z"et> ePt — %l —olnoy — glnmy — ot — In[20 +

ag

2/ (2o —1o] - (1 —o0)ln (1*Z) —Ing(6,)}dt = — fooo e Pt{gn KHO + 7;108

ag

—vZ+J (vZ)2+4kZ2%(1-0)

fooo —ote Pt dt — {—alnoy — olnmy —In [20 + 2{/(20 — 1)a] — (1 —

—vZ+J (vZ)2+4kZ2%(1-0)
2kz

o)ln [

afooo te Pt dt + {olnoy + olnmy + In [20 + 2,/ (20 — Vo] + (1 —

—vZ+J (vZ)2+4kZ2%(1-0)

k—
m

p

t) ePt —

k_
—'Z"etl — ot}dt — fooo e P{ — glnoy — olnmy — In [20 + 2/ (20 — 1)o] — (1 —

— —Oetl}dt —

B fy e?tdt+ [ Ing(6r)e ptdt:—;[1+ln(ﬂo +;)]+

o)ln | — 1/, e7tde + [ "[Ing(6)]e~*t dt = —%[1 +In (yo +§)] +[jiz+
olnoy+olnmo+ln [20+2,/(20—1Do]+(1-0)ln [2F (”2)22,;;4“2(1_”)] . ( 1 )l 1, 6 2ug6
p 2mog) p 203 “2B+p B+p
When g(6,) = \/%09 exp [— %] and 6, = ,ePt, fow[lng(et)]e—pt dt =

1n( 1 )1_; 06 _ 21900 | iy
V2mog) p 203 “2B+p B+p p”’’



K. PROOF OF EQUATION (19)
First, the tenant problem is given by:

N{ILH}X EUy (7 (6)] = EU, [(1 —r)Pq(L, h)g(68) — WL — ¢, (s, L) + B(x)] = EU,, [xg(6) —

[
WL = cy(s,L) + B(0)] = [; Uy[xg(6) = WL —c,, (s, L) + B(x)]1f (0)dO,
where f(8) denotes a probability density function of random variable 8 defined over the range

[6,6].



Start with the FOC w.r.t. L:

By — (72 [2 g(g) — W — 22 4 () 2] £(6)d6 = [} 222 [(1 — )P L g(0) — W — 22

oL 8 om

B - P £(0)d0 = [ {222 (1 - P L g@)f ©) + 22 [(-W - 22) + () (1 -
PLF@)]}d0 = (1 - 1P [T g(0)f (0)d0 — [(W +°2) - F'(x)(1 -

r)P’ ]f9 "’”Wf(e)de = 0.

=1 )paquaUW (0)F(0)do = <w+aCW) "1 —r)pl faUW (6)do
L), om, 9 f =1 o) TP nP5 0 anwf
f;w—wg(e)f(H)dH (W+3C—W)—/31(x)(1—r)P— B (W+6CW)

o 221 (60 (1-r)pe! (1-r)pet

— B'(x) (A64).

Next, the problem faced by the landlord is:

Max EU,[,(6)] = EU,[mrPg(6)q (L,%7) = vH — ¢,(m, H) = mB(x)] = EUm[Pq (L,}) -

x19(0) = vH — ¢,(m, H) = mB (0} = [ UyimlPq (L,%) ~ x19(0) — vH — c,(m, H) -

mB(x)}f (6)do.

The FOC w.r.t x:

= f’“””[ ~mg(0) —mp’ (x)]f(e)de—fe[f’”l( m)g(0)f (6) = Simp (x)f (6)]d6 =

ax

[ aUl [ 6Uz

om, 9(0)f (0)d6 —mp'(x ) Iy om, [ (6)d6 = 0.

Hence:

= f "0Us ) p8)d6 = mp' () f "3, ¢ ga0
m Qanl‘g f —mﬁ X Qan,f
fo kg (017 (@)a6

=-p A65).
fgaulf(Q) 0 B'(x) ( )



On the other hand, the FOC w.r.t. m is:

0EU; fﬁ auU; acy

5 52 [Pa (1,2) 9(0) + mP 315 (0) — xg(6) —m = g(6) = 52 — B

dm

96Ul

mp'(0) 22| F0)d0 = )5 [Pa (L,2) 9(8) + mP (= ) g(6) — xg(8) —m(r —

6 0U;

DP S GDIO) = =B ~mp )~ VPR F(0)ae = [ S ((Pa (L.7) ~ ok

6 aU;

x—(r—1DPLhlg(0) -2 - - ﬁ(x)(r—l)Paqh}f(H)dH—f—[Pq(Ljﬁ)_PZ_Zh_

96Ul

x—(r—l)Pj—:h]g(e)f(e)de+f =B =B~ DPLAIf(0)d6 =

f;‘;—: [Pq (L,g) —x — rPZ—Zh] g(@)f(6)do — fg iad [acl B+ B ) — 1)P h]f(Q)dQ =

96Ul

[qu (L, —) —rp2 ] o ‘”“g(e)f(e)de - ["’Cl +B+ B —1DPLh ] TLf(6)dE = 0.
Thus:
H dq 99U,
- [qu <L, ;) _pA h] o9 9(0)f(6)do
9 oU
_ [% + B+ B — 1)PZ—Zh] L %f(e)de
% g0)f(0)d0 %y g4 prae-pay,
=R = dm oh_(466).

80U, H aq h
fQ anﬂ (6)do r q( ) (1 dh q)
[herefore, plug (A66) in (A65):

o l+ﬁ+ﬁl(x)(r 1)P qh

—F== rpq(L2)(1-20

Hence:

h
= =P (L) =200 = Tt p+ B OG- PSR



PqIr(l - 0% 4 -2 %,
= —p'()Pq[rl——>)+ (T -1)——] =—
BGPar(1=2) gl = om P
adghy @ dqh "
q ol q om ' P
= x)P (r———)=—+ r=— A67).
—B' ()P ohq om b= 6hq ﬁ(x)P (467)
Plug (A64) in (A67):
an “iig _agh CLepy(1-r)PL
= ong 2T acwy  ohq O9Uw ) r(6)d6
feanwg d (w5 )]Pq [(W+0;z~) ba’;f—f -7) ZZ]Pq
fg Tmf(eae (- -1)P5 fg Tmf(0)de
Thus:
60U,
aq h acy, fe oy, 9(6)f(6)do q
—+,8 1- )P——(——— W+ (1-r)P—|Pq
24 an
eaUW BoUw
I93 951, g(0)f(6)deo p2g %2 4 (acl +,8) ( acw) pq — i a,;au 9(6)f(6)d6 qu@(a—qﬁ+
J‘eaﬂ:Wf(g)de oL oL J‘eaan(g)de JaL ahq
[ 0rom s )]
ngzwf(e)de aLohq aL \om o
. szzwg(e)f(e)de . 04 ac 4 %) p
et 80Uy aL ’ ( +'8) ( aL) -
Jo Sr (6)as
Jo 22 (01 (6)a6 p2g (%, 4 co o smad @O oy 5qn o d
BaUy q5(£_+ ) i BoUw aLong ( +ﬁ) , anc A=
Joamks (6)d6 a o gy (©)46 !
B% — 4AC =
a, cw I§%2g(0)1 (610 I grsa (6)f (6)d g 5ra©)1 ©)a0 ]
J[ G #8) = (W ) Pa =i P G I =4 i G P B i PGt~ oG )

Thus:



80U
aqdcy dcw) p, 0 amy I OO0 | aqc0qn,
_Pﬁ(%J“B)JF(W' 6L) " 80Uy, ? ﬁ(ahq'l)’LA
FPC -B+A fgmﬂG)dG
24 1890w 40)r(6) a0

220_71'W—P2qﬂ
199Uw - 5) 40 aL

0 omyy

(19) in the text.

L. PROOF OF PROPOSITION 6

The landlord problem is:

, which is stated as equation

MaxEU, [m(0)] = EU{[Pq(L,H) —x]g(6) — vH — c;(1, H) — B(x)} = f; U{[Pq(L,H) -

x]g(0) —vH — (1, H) — B(x)}f (6)d6.

Start with the FOC w.r.t. x:



0EU;

= [} S -g(0) - B I O)dO = J) 2L (~Dg(O)f (8) — 22 ' (x)f (6))d6 =

QaUl

o om 9(0)f(0)d6 — B'(x )f””lf(e)de _0
Hence:
95U, o — 540, o
ﬁ—fga—mg( ) (6) —,B(x)fga—ﬂlf()

fosra©)r @0

= —f'(x) (468).
T = P (469
Next, compute the FOC w.r.t. H:
JEU 60U I} 69U = 6 a
L [y P2 g(0) — v — 2~ B ) 2] F(0)d0 = [ S [rP 2 g(8) — v 2L -

B -1)P2| £(0)d0 = rP 2 [ % g(0)f (0)d0 — [v+2% + F'() (1 -

)P ‘”] 9"’Ulf(9)d9 = 0.

Thus:
P f g(0)f(0)do = py 2y "(x)(1 paq”?am 6)de
= — - = - — — __-
r f oy TENA=NPoy 0 anlf
fj‘;Zlg(e)f(e)de o+ 2L 100 (1) P2
e _ 7 (469).
fg smlf ©)a6 P

Therefore, plug (A68) in (A69),

9 504
v+ﬁ+ﬁl(x)(1—r)P£
aq .

oH

-B'() =

rP

Hence:

P2 =+ 2 g =P =+ 2 P2 pryrp
:}— —_— = —_— —_— _— —_— —_— —_—
'er 0H v OH ﬁ x( T‘) 0H v OH B X OH ﬁ T OH



b4 06
= () = —2
p_q
JH
6dU,, ac ac
0)f(6)do ( _w) 96
fean 9(0)f(9) wW+SE) v+
60U =0dq = dq
fg anw f(6)de 1-r)P4 Pa5
60U
Jo g a@f @)y 1%y 4 L
— + 0H _ aL
60U, dq . 509
Js am,, | ()0 Pon (A—mPg
w + 2w
= " gaU aL 1=r
Iy 5e29(O)f(0)do 424
om,, n oH ]P 0q
6 6UW dq oL
fe om,, am,, | (0)do PaH
So, the landlord’s optimal share rate is
dcw dcw
w+—k w+=F
rMPC = Gat —— = I 5> Which is stated as
lo g(G)f(B)d9lv+a—I_Il 504 fg amrg(0)f(6)d6 aq.(wa_Hl)%
185 "”Wf(e)de Poi| o jE%0w a0 Ot
equation (20) in the text.
MPC
Compute the derivative xr
9 MPC
TBW 60Uy - acy <O0.
fg o g(G)f(G)dGTw L _aq
[§Wwrora0  Pap |
MPC
Compute the derivative Bracw :
oL
or MPC 1
— e <0.
6(5‘3—{“) fg‘ggwg(e)f(e)de v+l _aq
[eWwrora0  Pap |

. . arMpC
Compute the derivative




acw
orMPC _ W+
= > 0.
v J-Q(?UW 0)f(6)do acy z
0 oy I Iv+ﬁ 39 5204
feWw a0 Pap | M
T.MPC
Compute the derivative —5z— —aq
3 dH
orMPC W+
a(ﬁcl) BaUw acy]? > 0.
fe aTw >=-g(0)f(6)d6 , V+W 99 5909
feWw g Pap | M
. . arMpC
Compute the derivative ———:
a(P)
s acw\f(f?,zwg(e)f(e)de
57 MPC oL’ feauwﬂg)dg oL 0
— = >
2 .
a(pP
) fef,g‘”g(e)f(e)de 501, w+2hyl
[i]
Bwroa0 5

M. PROOF OF LEMMA 6

The tenant problem is:

D/{lia}XEUw [ (0)] = EUw{(1 —r)[a — bq(L,H)]q(L, H)g(0) = WL — c,,(s,L) + B(x)} =

f; Uw{(l -

r)aq(L, H) —

bq(L,H)*]g(0) = WL —c,(s,L) + B(x)}f (6)d6.



The FOC w.r.t. L is:

0EUy, fé Uy
oL 9 om,,

(1= )@= 2b0)2g(0) - W =22+ F'0) 2] F(0)d0 = [ 222 [ (1~ r)(a -
2bq) 2 g(6) — W — 2%+ '(x)(1 — r)(a — 2bq) % F(6)d6 = (1 —7)(a -
2bq) 2 [, 22 g (0)f (0)d6 — [(W +22) — F'(x)(1 - r)(a — 2bg) 2] [, 222 £ (8)d0 = 0.

Thus:

= (1-r)(a~ 2bq) o1 f —g(e)f(e)de

dq. (°9
= [(w +52) = g @20 51 [ 52 0o

oL 1, o,
I Grso@r@)a0 (sl
1 W5 gy a0y,
Jo2herg)ap  (1-r)(a-2bg)5

Next, the landlord’s problem is given by:

1{\;116% EU,[m(6)] = EU{[(a — bq(L, H))q(L, 1) — x]g(8) — vH — c;(1, H) — B(x)} =

7 Ullaq(L, ) — ba(L, H)? — x]g(8) — vH — ¢,(1, H) — BC0)}f (0)do.

The FOC w.r.t. x:

o f’“””[ ~g(0) - ﬁ(x)]f(H)dH—fg[aUl( Dg(O)f (0) = 5B ()f (0)]d6 =

0x

eaul 96U1

om, 90X (8)d6 — B'(x) [, 7 f (6)d6 = 0.

Hence:

PO o @)d0 = B0 [ LU
- — — = —
J, Fmo@r@as=pe [ T
fos2k9(0)7 (©)a6

fo ks ©)a6

= —p'(x) (A71).



BUL _ (00U

) r(a— 2bq 2)g(8) - v — 2L~ p'() =] £(6)d6 = [, "L [r(a -

0H

2bq) 2 g(6) — v — L — B'(x)(1 — r)(a — 2bq) 22| (6)d6 = r(a -

60U

2bg) 2 [7 2 g (0)f©)d0 — [v + L+ F'()(1 - )(a - 2bg) 2] [; 2L £(6)d6 = 0.

oH :
Thus:

aq (?aU,
=r(a— ZbQ)ﬁfg a—nlg(H)f(H)dB

—[ +@+ ')A - —2b @U%—UI (6)do
A el b § v

goU
fgg_fg(e)f(e)de _ 42 L4 OO (1-1) (a-2bq) 2L 472)
fgg%f(e)de r(a—qu)g—Z

i)

Therefore, plug (A71) in (A72),

v+%+ﬁl(x)(1—r)(a—2bq)§—z

! —
B (x) - r(a—qu)g—Z
Hence:
2c,
0H
= p'(x) = - aq
(a—2bq) 35
60U,
fy Greo@f©)de 42 W+ S
- 12 2w £ (9)do C(a-2bp % ) (1-7)(a - 2bg) 52
0 om,, oH aL
dcy dcw
W= WHaL
= =1-— aLa =1-=% o 5ep0q> Which is
[fgalr—xg(e)f(e)ae "*a_;l ](a_qu)a_q Q@—“;’g(e)ﬂe)de(a—%q)ﬂ_(v+a—;l)g—g
fg%—v‘tﬂe)de (a-2bg) L oL fg%—“;’f(e)d(? o5

stated as equation (20) in the text.

Assume P = P = a — bq, so the landlord’s optimal share rate is:



acw Icw

PMPC(PY = 1 — w+Zw - w+=w
80Uy acy g BoUw 49104
fg Ty -—g(0)f(6)de 500, W+=)3] fg I g(9)f(9)d9 'R w+h2l
[l -bq) )
[6%w (6)a g fg‘""”f(eme O

Again, let PM = a — 2bq, then the landlord’s optimal share rate becomes:

dcy
W+ C . .
rM(PMy =1 - , which is stated as equation (21) in the text.
GOUW aCl aq
1o om,,9(0)f(6)a6 g @ aH)aL
33U (a— qu,aL aq
L AL aH

Define P — P = a — bq — (a — 2bq) = bq > 0 and r'(P) > 0.
Therefore:

rMPC(P) > rM(pM).

N. PROOF OF LEMMA 7

First, the tenant problem is given by:



Max EUS (g (L) 45 L, DI} = EUL (L = P)la — b (s (L0 5) +
qj (L}E))]qi (Li,g)g(e) —WL; — ¢, (s, L) + B(x)} —f UL{(1 —r)[aql( ,H) -

bai (L) — ba; (L) 45 (1, )19(6) — WL, — cly (s,L) + BGOIIF (6)de.

The FOC w.r.t. L;:

OEUL, 6 oul, i~ 0qi act, , ox
T = f) | (=)@~ 2bg; — ba)) g () =W =T+ B'(x) | F(6)d6 =

dL;

[0 [ (1 _ p)(a— 2bq; — bq)) X g(6) — W — 2% 4 B'(x)(1 — r)(a — 2bg; —
6 ori, aL; oL;

0 aUW

ba}) 24| £(0)d0 = (1 = r)(a — 2ba — bay) 2L [ %% g (0)F(8)dd — [(W +2¥) -

BCO( - )(a— 2ba; — bay) 2L [ 2 F(6)d6 = 0.

Hence:

7]
* aql

= (1 —-r)(a—2bq; — bqj)ﬁ
)

] act , _aq;. (PaUl,
= ((w+5E) - Fwa -n@=2pa - a3t [ T

eauw

= : 2q; ﬁ (x)

fgauwf(G)dQ (1 r)(a—2bq;— bq])ﬁ

Thus, if the labor input pair (Ll, ]) is to be a Nash Equilibrium, the tenants’ agri-food

) Therefore,

= <W+;TW> — B'(x) (A73).

fewwf(e)de  (-)@-3bg)5

production must satisfy q; ( ,Z) =q; (L;‘,

eaUW

Next, the landlord’s problem is:



Max EU;[m,(6)] = BU(2[(a — b (a; (L) + 05 (1 5) i (L0 ) — x1g @) - viH -

a2 H) ~ 26} = [ U2laq; (L 2) — 2bg; (13,2)" ~ x1g(8) — vH — c,(2,H) -

2B (x)3f(6)d6.

The FOC w.r.t. x:

UL _ (901 _54(0) — 28'(x)]f(6)dO = fg[a’“( 2)g(0)f (6) =51 2B'(x)f (6)1d6

ax 9 om
—2f90Ulg(9)f(9)d9—2,3( )IGBUZ (9)d9 —0.
Thus:

1) [y 521 (6)a6

7]
2 Ut o o)F(0)d0 = 28
0 o,

I Tela(0)f(8)a6

= —p'(x) (A74).

fga"lf(e)de
The FOC w.r.t. H:
ey [Zr(a% — 4bg; M 2g(0) — v 22— 26'() %] F(0)d0 = [ S [2r(a i -
4bg; i 19(6) — v — 22— 28'(0) =2 (a - 4bgp) i] f(6)d6 = r(a—
4ba)) 2 [ 22 g (0)f (0)d0 — [v + 22+ 2'(0) 57 (a - 4ba)) 2] [ 2 £(0)d6 = 0.

Hence:

r(a — 4bql

aq;
dh

—[v+@+,8’(x)(1—r)(a—4b ) ]f —f(H)dH
- oH q; 0



goU *
fe anlg(e)f(e)dg _ U+Z—:l+ﬁr(x)(1—r)(a 4bq; aath (A75)
fo5aLr©)as i

Therefore, plug (A74) in (A75),

*

acy e 0]
v+ Br(x)(1-7)(a- 4bqi)6hl

() = = -

r(a- 4bql l
Thus:

v+acl

B'(x) = ———-= (A76).
(a-4bq;) ahl
Substitute in (A73):
60U act
I QYOI (w+522)

60U
J

oq; d
b rf©)d0  (a—4bg; a%f (1-7)(a—3bg;) 51t

Hence, the landlord’s optimal share rate in a duopoly market for agri-food is:

ack

W + %

rCGCI — 1 — oL,

60U
fg anw (9)f(9)d9 v+ ? aq
500, aqr) (@ = 3ba) 57
Jy e f©)ds  (a—4bg) L
w + 26
i aL;
N 80U, aql
fg T, 9(0)f(8)do aq; (v + )(a - 3bq1)
l
Ty —— (@ 3ba) - *
fG om,, am,, | (0)a0 (a— 4bql.
w + 26
=1— aLi
- 96U aCl qi * *
Iy 572 9(6)f (6)do 0q (7 +50) 551G —4bgD) + b;]
s (a — 3bq )i — q*
Jo anw f(6)ab - (a—4bqp)




acl,
. W+3 I,
h 60U ac;\ 0
Iy 52> 9(6)f (6)de (v+32)5E :
6 om,, aql 0H/ dL; bq;
(a—3bq)) 57~ 1+ ¥)
0 6U L aq; a — 4bq;
Iy 32 f(6)d6 A @
6 om,, dh
ack
=1- W+6LLV; which is stated as equation (22) in the
- 3c\dq; dcp\aq; 5
fg"”Wg(e)f(e)de(a_3bqf\aqi (am)ozr (~i)azs o )
T S
text.
w2k
cGer N — L; . #CGCI cGeI
Define r (a—3bq)) =1——; o lgetr <r .
goma @) ©)a0 . (v+ )a—Li
6aU,y L)

fg T -—2f(6)do 6h

On the other hand, according to h = %, for monopoly tenant, m=1. In this case, h=H. In addition,

assume PM(q) = a — 2bq > a — 3bq and r'(P) > 0.

Therefore, the landlord’s share rate in a monopoly market for agri-food is:

MY =1-Z3g oc\ g
fg an-w (9)f(9)d9 aq (17 + a—g)a—z
500, (a—2bg)5; - aq
Jg o f(6)d6 B
Thus:
W+3C—W

I'M(PM) >1-— — rCGCIl > 7,.CGCI.

acl aq;
(v >a—Li

6h

I e @r@do

)aql
[6Ww ()00 o

O. PROOF OF PROPOSITION 7

First, the tenant problem is:



i § i Hy (. H
o L GO A Ol
l. HY /. H H
=EU,{(1—-r)|la—0b|g; (siL, E) + q; (sj L, 5) qi (siL, 5)9(9) - WL

- C‘ﬁ,(si, L) + ﬁ(X)}

2

= EU} {(1 —71) laqi <siL,§) — bg; (siL, g) — bq; <siL,Z) q; (s L, H)l g(8)

— WL = ¢, (s;, L) + ﬁ(x)}

) f; o {(1 . laCIi <SiL' g) — bg; (siL,g)

_ by, (@,Z) a; <s L H)l 9(8) — WL — ci (s, L) + ﬁ(x)} £(6)do

2

The FOC w.r.t s; is:

OEUY, fé auy,

-~ 0; acl, , ax 6 Ui,
o= [y | (1 =) (@~ 2bgi — ba)) S Lg(6) =+ B'Ge) 1| F(6)d = [y 7| (1 -

r)(a - 2bq; - ba)) L 1Lg(8) - W — 22 4 F'()(1 - )(a — 2bg, — b)) 2L L] f(6)d6 =

(1-7)(a - 2bg; — bap) 2L f] j”%g(e)f(e)de — (W +22) - )1 - ) (a - 2bg, -

bg}) 2L1) N U £(6)d6 = 0.

q;
Thus:

* an a
(1 —7)(a—2bq; — bgj) —-L
l

(4

_ (w25 Z oo - ra - 26 —bqf)%ufa””l”
as; ' I7al; ), om,



eauw

as;

fgauwf(Q)dG (1 r)(a 2bq;— bq)

= B ().

Thus, if the specific investment pair (sl* , sj‘) is to be a Nash Equilibrium, the tenants’ agri-food
. . * * H * * H
production must satisfy q; (sl- L, ;) =q; (sj L, ;). Therefore,

eauw

(w+;—;:> . — B'(x) (A77).

."9 aUWf(G)dG (1—r)(a—3b )—L

Next, the landlord’s problem is:

Max EU [, (6)] = EU,{2[(a ~ b (q;* (siL.5) +q; (7L, %)))qz‘ (siL. %) - x19(6) — vH -

a2, H) — 2800} = Jj Ul2lag; (siL.2) — 2bq; (siL,2)" —x1g(8) — vH — ci(2,H)

2(x)}f (6)d6.

The FOC w.r.t x:
B [y S ~29(0) - 26 @]£(0)d0 = -2 [; 2L g(6)f (0)d6 — 26'Cx) [ S f(6)d6 = .
Hence:

fe o TLy(6)£(8)d6

—m——— = —p'(x) > 0 (478).

fg A GLL

The FOC w.r.t H:

= [y 2@l — b 2Dy g(0) — v — 22— 26'00) 2] £(0)d0 = [ S 2r (%L -

oH 0 om oh 2 q; oh 2 oh 2

4bg; 22 g(8) — v - 24— 26'(0) 52 (a - 4bg)) 2| £ (0)d9 = r(a -

lahz

96Ul

4bq;‘)f’a‘“ Jy o9 ©)f (6)d6 ~ [ +20 4 26'(x) =2 (a - 4bg)) "“’] f“"l £(6)do = 0.

Thus:



0

U, .
a—nlg(H)f (6)do

r(a —

(4

ac
[v + L4 B (L - 1)(a — 4bg)) ql] f —f(H)dH
0
fgngg(e)f(e)dQ B v+acl+ﬁl(x)(1 r)(a- 4qu ah (A79)
fgaUlf(e)dG r(a-4bq;)- aql
Therefore, plug (A78) in (A79),
ac, q;
, v+—+,8(x)(1—r)(a 4bql) 6h
—B'(x) =
r(a — 4bq;‘ d;
v+acl
= B'(x) = ———— < 0 and then a — 4bq; >0.
q;
(a—4bg))—}
Substitute in (A77):
foakg@)r0)as ekl W+%“j
forf@)a8  (a—abgpel  (1-T)(@-3baDlL

So, the landlord’s optimal share rate is:

W+aC_W
SS =1 — 9s;
[
Jogg(@)f(@)a0 42 A @
a— 3bq) ——L
a al;

1850w 10310 (q-sbg])

ah

P. PROOF OF LEMMA 8§

The social planner problem is:

o 0, — /2 1-0
U= _Max [Ze P ([ Ugm,[P: (=)  (sLpe)  9(0) — WeLpe — asLye] — vAZ —
Zt mg

{Pt,7t.Lpt.A}

ke — £(12)? — InP, — [Tt.nr, dr ) (6,)d6, dt,

, which is stated as equation (23) in the text.



s.t.
- 2z
W, +as; =a(l — rt)Ptg(Ht)(;t)l ’s oLgt 4
1
My == (Le = Lpe),

m, = myet.

Next, define Hamiltonian with state variable m,, control variables {P;, 7}, L,;, A} and co-state

pt’

variable u;:
3’-[3(Ft, Ty Lpe, My, A, yt) = fé? U {m, [P, (jn_Zt)l“’ (SLpt)Ug(et) — WLy — asly] — vAZ —
km, —£(12)? = InP, = [k nr Mdn}f (0)d6, + (L, — L) =
o vsfmaIPe ()7 (s1,) 900 = o1 = 2P0 5°15) = vaZ — kem, — £ 22)? -
P, = f[ie 1A} ()0, + 1 (L — Lye) = fg Uyfm,[1 — o(1 -
7)1P (fn—zt)l_a (5Lpt)?g(6) — VAZ — km, — £ (A2)? — InP; — 7 #} £(8)d6, +

% (Lt - Lpt)~

The first order conditions are:

0H;

0H;

dA
_O0Hz/om, i
p=——t4t
\ Ht Ht

Start with 2 = 0, which implies

pt



0 .., s (AZ\'TO . _
Jor U ome(1 =0+ 7P (12) 157 g(0)f (0)d6; =

3

and therefore

1
U 1
Lye = (= L. i (480).
fett US’XUmt(l—U‘l'UF:)Pt(m—t) s99(6t)f(8¢)d0

O
Next, consider —= = 0:
9P,

O . (7
Jor Us'me( =0 +07) (32) Lges“g(0)f (646, = 7.

Pt
Substituting gives

P, =— : (A81).

P (A2\7 5 s
ol Usme(=otor)(22) " 19:579(80F (96,

The next FOC is similar, % = 0:
t

0 .., = raz\179 __
fgtt Us meoPy (E) L5:s°9(0.)f(0,)d6, = ni; .

Substitute in (A81):

n1-o)
—.

=7 - =
While an explicit analytical solution for 73 in terms of 1 and o is not easily attainable due to the

complexity of the equation, if n = 0.5, I can use this specific value to simplify the expression

for 73 in terms of a. Let's proceed with substituting 1 = 0.5 into the equation:



705 _gEn 4 179
7~ = 0.57 + py
Square both sides and expand the right-hand side, then rearrange the equation to form a quadratic

equation:

_ _, 1—0_ 1—0\2
7, = 0.251° + g rt+< )

20
— —~)2
= 0.257% + 7 (—1 3") 4 4z "2) =0.
20 40
So, the solutions for 7} in terms of o are:
30—1+J(1—3o)2_4xo 25(1—0)2
— kxkk 20 20 : 202 __ 30-112\/(20-1)0
Tt - 2X0.25 - o (A82).

The next FOC is similar, % = 0:

_ . (, i
f;’tf U, (6 — Dmy(1 — o + o7,)PA~C (mit) 15,599 (8,)f (6,)d6, — vZ — kAZ2 = 0.

1-o0

[ 5 (A2
Jor Us' (@ = Dme(1 =0+ 07)P, (o) Lges”g(6)f (8)d,

= = 3 —vZ —2AkZ? =0

1—0 - -
:T—vZ—AkZz=0:>1—J—AvZ—/12kZZ=O

= (kZ)2? + WZ)A+ (6 —1) = 0.

Substituting gives

—vZ+(v2)2+4kZ2(1-0)

AT = T2 (A83).
Finally, the last FOC is p = % + % The derivative of the Hamiltonian Z% is:
t t t
a:]_[-z Q_t o /1Z 1-0 _ 1-0
om. = fet U {(1 —o+or,)P, <E) L3+ (0 — 1A —o+or )P, <E) L

- k} 9@0f a0, = (-~ k) | Uy 900000, = Uy (o)

t 6, t



Substituting this into the FOC and rearranging to solve for u, gives

tie—pue = Us'(k — mit)

Rokokok

Solving for p;

% %k %k %k —_ +
M Ko P

US'(k_mZef)] Pt _ US’(k;mZet) (A84).

(1) Solving the Optimal Allocation

The 5 FOCs are:

( U 1
Lpt = ( o Y 1-0 )0_1 (ABO)
Jor Us' xom [7:(1 = 0) +01P: (7)) s29(8.)f (8)d6,
_ 1
P, = — (481)

fé? Uy’ m[7,(1 - 0) + o] (fn_zt) L3es?9(6.)f (6,)ao,

30 —-1+2,/(20 - 1)o

—vZ + \/ (vZ)? + 4kZ%2(1 — o)
A = - (A483)
2kZ2
o o
U, <k - t) U, <k - t)
i = (o + = ef* - L (A84)

\
1) Solving for L, and P;(egs. A80 and A81).

Combining (A80), (A81), and (A84) gives

Ly = 2 (485).

t
p Usl(k— g r) Usl(k— g t)
mpe ept mope

P P

Ho+

In addition, combining (A81), (A82), (A83), and (A85) gives



-0

Pt = 7. "z o =
ol Usmelie(1-0)+0](22)  s7g(B)f (6)d6:

-0

(moet)? [ Ugt[7e(1-0)+0)(Z2°**) =957 (80 (B) 6y

aX

Usl<k— g t)
R mope

Kot 5

Ust( k—"
pt mope
D

e

o; - J2o2— [ —vz+/(v2)2+4kzz(1—a)
(moet)? fy L U F2 PR30 gy g

=0 YT 1179599 () f(6¢)d 6

Q.PROOF OF PROPOSITION 9

(486).

Assume the boat-owner’s utility function is U;[m;(68)] = — exp[—¢€;m;(8)], and the fisherman’s

utility function is U, [m,,(0)] = — exp[—€,,m,,(0)], where €, > 0 and €,, > 0. Let g(8) follow

the gamma probability law with its probability density function



FLg(O)] = ~=[g(6)]* texp [-Ag(6)] with g(6) =0, z=12,.., A>0, and I(z) =

I'(z)
J, 67 te=do.
According to Sutinen (1975), assume that

EU,[m,(6)] = E{— exp[—e,m, ()]} = — [, e~ M@ f[g(6)]d[g(6)] =

g el R)o -t ms] 101 03 =

0

-1y o[remrralim)o@ evtimi it amp)| & ovian ot n 0 0)] dlg(8)] =

'(z)

~ieih e~a@emrpa(Ligenleilvmekm et emb) [ y1a-1q1g(0)] =

g el(vH+km+§H2+mﬁ) foooe—g(Q)[Elmrpq(L’%)+A] [g(@)]z_ld[g(g)] =

— e
I'(z)
. %, 4
AZ efl(UH+km+§H2+m/3) I'(2) _ NZexp [El(vH+km+EH +mB)]
— > = —
r'(z) [elmTPq(L,%)+A] (eymrPq+A)~%

Similarly,

A% exple,, (WL + asL — B)]
B e, (1 —1)Pq +A]?

EUW [T[W(Q)] = E{_ eXp[_ewT[w(Q)]} =

Hence, the boat-owner wishes to maximize

Nexp [el(vH+km+§H2 +mB)]

1{\%%)}( EU,[m,(8)] = E{—exp[—€,m (8)]} = —

(eymrPgq+n)?

On the other hand, the fisherman’s problem is:

i i . _/\Zexp[ew(WL+asL—ﬁ)] 5
EU, [, (0)] = B{- expl—6,m, (0)]} = - “o2Wiretpl _ g

To solve the boat-owner’s problem, write the Lagrangean:

Azexp[el(vH+km+§H2+mﬁ)]

Nexpley,(WL+asL—B)] T
{ [ew(1=T)Pg+A]? UW}

L5 =—

(eymrPq+An)?

The first-order conditions are as below:



‘;—‘; = — A% (e,mrPq +A)"%(e;m) exp [El (UH +km + %Hz + m,b’)] + AN e, (1 =1)Pq +

A~%(—e,) exple,,(WL + asL — B)] = 0.

= AA? [e,(1 —1)Pq +A]7%(—€,,) exple,, (WL + asL — B)]
=A% (e;mrPq +A)~%(e;m) exp [e, (UH + km + gHz + m,b’)] (A87).

and

% = — A% (—2)(emrPq +A)"%"1(e;mPq) exp [el (vH + km + gHZ + mﬁ)] +

AN (—2)[e,,(1 —1)Pq +A]"%271(—¢,,Pq) exple,, (WL + asL — B)] = 0.

= AA? (=2)[e,,(1 = 1)Pq +A]"?"(—€,,Pq) exple,, (WL + asL — 8)]

=A% (—z)(e,mrPq +AN) "2 1(e;mPq) exp [e, (vH + km + gHZ + m,[?)] (A88).

Substitute in (A87),
(—ew)lew(1 —1)Pq +A] _ (eym)(e;mrPq +A)
(=2) (=€, Pq) (=z)(e;mPq)
= €, (1 —r)Pq +A= ;mrPq +A
=¢e,(1—1r)=¢mr
=1 = , which is stated as equation (27) in the text.

eim+ey

... D
Compute the derivative 6_2:

dary EwEL
M _ __wa
am (em+ey)? <
. . aTO
Compute the derivative Fe-
l
o _ __mew o
e, (em+ey)?

... 0
Compute the derivative aﬂ:

€w



org _ me;

dew (eym+ey)?

R. PROOF OF LEMMA 9

The boat-owner’s problem is:
m, = mrPq (L,%)g(@) — vH — km — SHZ —mpB = 0.

= mrPq (L,%)g(@) =vH + km + gHz + mpB (A89).



The fisherman’s problem is:
H
m, = (1 —1)Pq (L,;)g(e) —WL—-asL+p =0.
H
= (1-71)Pq (L) g(6) = WL+ asL — f (490).
Substitute in (A89),

k
mr vH+km+EH2+mB

(1-r) - WL+asL-f

>mr(WL+asL—B)=({1-71) (vH+km+§H2 +mﬁ>

k k
=(vH+km+§H2+mﬁ>—r<vH+km+§H2+m,B>

k k
:>r(mWL+masL—m,8)+r<vH+k‘m+EH2+mﬂ>=vH+km+§H2+m,8

k k
:>r(mWL+masL—m,8+vH+km+§H2+mﬁ)=vH+km+§H2+m,8

vH+km+§H2+mB . . . .
=>n = =, which is stated as equation (28) in the text.
mWL+m0:sL+vH+km+EH2

... D
Compute the derivative %;

ary (vH+km+§H2+mB)maL
o T RIS
(mWL+masL+vH+km+EH2)
. . 61"1
Compute the derivative TR
ary (vH+km+§H2+mB)m(W+as)
s %5\

(mWL +masL+vH+km+§H2)

... D
Compute the derivative a—:;:



S. PROOF OF LEMMA 10

The social planner problem is:

ar; m

B mWL+ma'sL+vH+km+§H2

> 0.



o _ = H{_
Uy = {ﬁbgflir} fo e PtN {mt [Ptg(et)(;t)l 7(SLpt)? — WLy — th(s' Lpt)] —vH — km; —

k = Fi _
EHZ — InP, — frt;m‘t "drt} dt,
S.t.

- H.q{_
WLy + th(s, Lpt) =(1- Tt)Ptg(Ht)(E)l G(SLpt)G,

my = )l((Lt - Lpt)a
m, = mye®,
90, = Flg(6)] — Nmyg(6,) = g(8,) — [9(6)]* — Nm.g(6y).

Next, define Hamiltonian with state variable m,, control variables {P,, 7%, L.} and co-state

variables y; and v;:
_— = H.\1_
7'[4(Ptrrt' Lpe, mtuut'vt) =N {mt [Ptg(et)(;t)l G(SLpt)a — Wilpe — th(s: Lpt)] — VH —
k = z _ = H.1-
km, =% H? = InP, = [ nrdn } = N {m, |[Peg (00 G2~ (sLpe)® = (1 =

. o k N
FOPGOICD) (5L’ | = vH — km, = 5 H? — InP, = [ qr,dr, | =

) Hyi-¢ o ko2 ) et M-
NmtrtPtg(Ht)(E) (sLpe)° — NvH — Nkmy — N~ H* — NinP, — Ny EE— +

B (L, = Lye) + v (L~ Nm)g(8,) — [g(0)].

The first order conditions are:



( 0H,
=0
L,
0Hs _
ap,
O,
=0
{ o,
_ 9Hu/09(6) v
Vi Vi
_O0H,/om, i
p=——+—
\ Ht Ht
Start with 2% = 0, which implies
Lt

_ = H\17¢ a-1
NO'mtTtPtg(et) (;t) (Lpt) So. = %’
and therefore
U 1

Ly = ( - TN )o-1 (A91).
XNom7,P,g(6,) (ﬁ) s?

L
Next, consider —* = 0:
P,

_ H\!7¢ o1
m;7:g(6) (E) (SLpt) =5
Substituting gives
_ 1

P, = TN (A92).
m, 7, g(6;) (E) (SLpt)a

The next FOC is similar, aa}["‘ 0:

"
_ 1-0
m.P,g(6,) (mit) (stt)U =7, 7",

Substituting gives

1



0H,/0g9(6:)

K,
vt . The derivative of the Hamiltonian

The next FOCis p = . v 3900 18:
t t
s _ -13<H)H(L )"+ ve[1 — Nm, — 2g(8,)]
= Nm,T, — S V[l — Nm, —
296, tVele m, pt t t g\o

N
g(Gt) + v 1 —-Nm, —29(6,)].

Substituting this into the FOC and rearranging to solve for v, gives

Ve—pVvy = Ve [Nmy — 1+ 2g(6,)] — ——

9(9 )
=V, +v[1—-N 29(6,) ] N
Vi +v[1 —Nm, — —pl=-
t t t g\Gt) —p 9(6,)
Solving for v;:
_N _N_
* g(et) pt _ g(gt)

Ve = |V + e
C T 1 =Nm—29(6) —p 1—Nm, —2g(6,) —p

N N ePty1
= i {v + }epf— ~— A94
Nl—IBo O 7 [1-Nmoet—29(61)-plg(6r) [1-Nmget—2g(8¢)—plg(Ot) m¢g(0¢) ( )-

Note that:

Nept e(p_l)t

lim —
N-o [1 — Nmget —29(6,) — plg(6,) mog(6;)

and

N et

lim .
N-oo [1-Nmget-2g(0:)—plg(6;) mog(gt)

So, if vy = 0, then

vi = lim

N—-oo

N N elp—1)t et
o o - -
[1-Nmget-2g(6)—plg(6:) [1-Nmget-2g(8)—plg(6r) mog(8y) mog(6e)

elP~Diye=t  (ePly1)et
mog(6y) mog(6y)
Finally, the last FOC is p = 9Hy/Ome |

Ut Ut mg



a 1-o0 1

s o NRPg(8) ( 2 ) (sLp)” + Vo~ DRPg(6) (H )

—0
o
o, — — (sL,.) — Nk

No
—v:Ng(6,) = . Nk —v.Ng(6,).

t
Substituting this into the FOC and rearranging to solve for u, gives
. No * 4 *
He—pue = Nk — T viNg(8,) = N[k — T vig(0y)].
t t

Kook ook

Solving for p;

sk k k%

He = Ho +

Mo +

p p

pt
N(k—i—e +1)
me M ept _
p

a * g *
N[k—m—t+vtg(9t):|] ept _ N[k_m_t+vtg(9t)] _

me o m )
—— T (495).

N( _o Pt

(1) Solving the Optimal Allocation

The 5 FOCs are:

( U 1
Ly = ( ———— 5 )71 (49)
xNomr P.g(6,) (E) s
_ 1
P, = = (A92)
_ H o o
mtrtg(et) (E) (SLpt)
1
i} (e” + et (494)
Vi = ————
‘ mog(et)
o eP+1 o efP+1
N|lk——- Nk——-———
*kkkk < mt m, ) t < mt m, )
W = o + ) P — ) (A95)

\
1) Solving for L, and P(egs. A91 and A92).

Combining (A91), (A92), and (A95) gives



[ = Noy _ ox
pt g ePty1 g ePty1, g ePty1 g ePly1
N(—-Z - Nk--Z - k k
[u ' ( mg m ) pt ( mg m ) [“’0 ' ( mg  me ]ept mg m
0 p N P p
ox ax
(k el e’”+1) (k L_epfﬂ) g—ePt-1 g—ePi1 (496) .
My m )|, pt me  mg mget ot mget
p p p

—a

t X t
[@ ";f;’ef)}pt ()
P = : (A97).

(moet)InT~1H1=95%g(6;)
2) Solving for U,.

Next, by definition

U4 == fooo e_pt N {mt I:Ptg(et)(mit)l_a(stt)a - WtLpt - th(S, Lpt)] - ’UH - kmt - SHZ -

InP, — f:)tr]rt‘" drt} dt. Then:

© [ H 1o o k — kkkkok
U, = f e PtN |m, 7" P, (ﬁ) (sL;*t***) 9(6;) —vH — km; — EHZ — InP;
0 t

T_' ok k ok 1_-,7 —r 1_7]
_ (t ) 0 ldt
1-n
1-n €

=f e P'N|1—vH — kmget — -H? — InP, -1 m ¥ Ew
0 2 1-n7

1-7
dt

=f e‘ptN{<1—vH——H2>—kmOet— 1 —— (—= )1"7] — InP; }dt
0 2 1—-nln em+eg,




€
o0 A 1—n=—=2—)1t7"
k T] + — kkkkk
=f e PN{[1—vH —=H?— S T Cw ] — kmyet — InP, dt
0 1-n
o k 1_11(6 rrel‘-/l\-}e )1_17 (%]
= fo N[1—vH — EHZ - —ll_nw le~Ptdt + fo (—kmget)e Pt dt +
ew 77
1—vH—§H2——1_n(Elm+EW>

[2(~tnP," e Pt dt = N ey LR (Mol H oy gy

p 1-p  7n-1lp 1-n-p

olnoy+olnmg +g+(1—o) InH+aolns+1n [g(6¢)]

k o
In (;)] + 5+ -
Note that:

_ fw yi-7
1-n (elm+ew)

N (Prq _E 2 —pt — _ _E 2 _
(i, [1—vH ~H lePtdt =[1—-vH —ZH

17
R PR S el
_ amtew’ 1 (*® ,-pt — 2 1-7
- ]fo e Pt dt .
Sy (P (= o—Pt Jf = — ® L(1-p)t g — ZKMo T ,(1-p)t]* — kMo
(i) J, (=kmge")e Pt dt kmg [ e dt - e ]O > because
lim e1=Pt=]im ——= 0 and lime~Pt=1 (p > 1)
t—oo t— oo elp—1t t—0 )
-
TX
g—ePt_1 g—ePt—_1
G | G
p p
o) — kkkkk _ o
(iii) [, (—=InP,"" " )e~Ptdt = — [~ e tIn n dt =

(moet)on1=1H1-%s9g(6,)

k_a—ept—l k_o'—ept—l
] 8

- fooo e "o ln{[%et e moe” } — olnoy — aglnmy — ot — MT" — (1 —-o0)lnH -

k_a—ept—l k_zr—ept—l
] :

olns —In [g(@)]}dt = — [ e {0 1%[%“ ePt — %t} —ot}dt — ["e™P{ -



olnoy — olnm, — n_ — (1 —0)InH — glns — In [g(6,)]}dt =

pt ent
=T et
— fooo e P (oln %‘ eft — %})dt — fooo —ate Pt dt — [—olnoy — alnm, —

n_l — (1 —0)IlnH — olns —In [g(6,)]] f e Ptdt=A"+ af te Pt dt + {olnoy +

l o _ k
olnmg + 7+ (1= 0)lnH + olns +In [g(6)]} [, et dt == —2[1 + In (;)] + 5+

olnoy+olnmg +Tl%+(1—o) InH+aolns+1n [g(6¢)]

b

p

P ePt k2 ePt_1
(o] t t pt
where A" = — [ " e P (o ln{[%] ePt — %})dt = —f e P{oln [kep —

(=1 ,(p-1yr L P70k “‘1t et~ l)t]}d - _f e Pt{gIn [kep _ =D -0t _k |
pmo pmo  p  pmget  pmy pmy p

2 o=ty

pPmMo

. -1
Because lim— = 0, then:
tooopmget
A== [P et o[ - Tl elomne _Kygy,
0 p pmg P

. pt .
For large t, if p > 1, then ! grows much faster than e®~Dt. The term keT dominates over

o—1 _ k
T =Dt gnd =, Therefore,
pmo p

A~ —af e~ Pt ln( > )dt = —af e PtIn [(S) ept] dt = —0 foooe‘pt ln[(%) + lneft]dt =

—0 fooo e PtIn [(S) + pt] dt = —o fooo e PIn (S) dt — afooo e Piptdt =

=

—aln(

o |

)—ﬂz—%[1+ln(§)].

k oo  _ o _
—aln(;)fo e Ptdt—op [ e Pitdt= . :



T. PROOF OF LEMMA 11

The social planner problem is:

o _ 5 H|1-
U5 = MaX f e pt N {mt I:Ptg(et)(;t)l o(stt)a - WtLpt -

{Pe,7t.Lpt}
k = 7 _
EHZ — InP, — frotm‘t "drt} dt,
S.t.

s H\1-0yo-
We+as=o(1=1)Pg(0) () Lot

. 1
my = o (Le — Lpt)a

m, = mye®,

g6, = g(6,) — [9(6)]> — Nm,g(6,).

Next, define Hamiltonian with state variable m,, control variables {P,, 7%, L.} and co-state

variables y; and v;:

- - H\q_
7'[5(Pt,7‘t; Lpe, mtnut'vt) =N {mt [Ptg(et)(;t)l 7(SLpe)® = WiLype — th(s' Lpt)] —VvH -
k = F - 5 H1-
km =5 H? = nP, = [ nr,dr | = N {mq [P.g (80 Gi)' ™7 (sLp)” = o(1

S H 1-0 k = 7 _
PP Lgt] —vH — km, — S H? — InP, — [T 17, "drt} = Nm,(1 -0+

_ 7 _ _1
o7)P, g(et)(mit)l—ﬂ(stt)o — NvH — Nkm, — N=H? — NinP, — Nn ™ -

B (L, = Lye) + v (L~ Nm)g(8,) — [g(0)].

The first order conditions are:

_n_rol_n

cwt(s, Lpt)] —vH — km; —



( 0H:
=0
L,
0Hs _
ap,
O
=0
{ o,
_ 9%s/09(6) v
Vi Vi
_0Hs/om, i
p=——7+t—
\ Ht Ht
Start with 2% = 0, which implies
Lt

Nom.(1— o0 + o7,)P,g(6,) ( )1_0 (Lpt)o_ls" = %,

H
mg
and therefore

He L
NG )o-1 (A98).

m;

Lpt:(

xNom,(1 — o + o7.)P.g(6,) ( s°

0N,
Next, consider —> = 0:
9P,

1-0 o
m,(1— o + a7,)g(8,) (mi) (sLye)” = Pi .

Substituting gives

_ 1
P, = (499).

1-o0

m,(1—o0+a7,)g(6,) (mit) (stt)a

The next FOC is similar, % = 0:
t

_ H\1-0 g __
omPg(6) (E) (SLpt) =ni .
Substituting gives

e — 1—-—71
1—o0+or; e



_ (1-o
o

+ nry.

Ifn = 0.5, 7" = 3"‘1izva(2"‘”" (A100).

d7,/0g(0 s
931/09®0) D 4 Ve . The derivative of the Hamlltonlan

The next FOCis p = e v 2960

a H 1-o0
s = Nmy(1 — o+ o) P, (—) (sL )U+ [1—Nm, —2g9(6,)]
m g o S v m
5 (91:) t )t . pt t t g\

g(gt)+vt[1 Nm; —2g(6,)].

Substituting this into the FOC and rearranging to solve for v, gives

. N
Ve—pve = ve[Nm, — 1+ 2g(6,)] — PTCRS
. N
= Ve + V[l —Nm, — 29(6,) — p] = BVTCRS
Solving for v;*:
N _N_
% g(6¢) pt _ g(6¢) T N
Ve = Vot g0 |© T Tvme20005 0 {VO i mee 290G 19 00
N ePt+1
~ — A101).
[1-Nmget—2g(8¢)—plg(Br) m.g(0¢) ( )
Note that:
I Nept e(p_l)t
im
N-o [1 — Nmgyet —2g(6,) — p]g(et) mog(et)
and

lim N et
N-oo [1-Nmget-2g(0:)—plg(6;) mog(gt)'

So, ff vy = 0, then

}ept _



. N N elp—1)t et
v = lim {vo + - }ept - - ~ — - =
N—oo [1-Nmget-2g(0:)—plg(6s) [1-Nmget-2g(8:)—plg(6r) mog(6y) mog(6e)
_ ePp—Dt -t _ (ePt+1)et
mog(6t) mog(6;)

Finally, the last FOC is p = % + % The derivative of the Hamiltonian % is:
t t t

OH o H\'"° o
o H\'"° o No
t t

Substituting this into the FOC and rearranging to solve for u, gives

He=pie = Nk =2+ vi"Ng(6) = N[k = - +v{"g(6,)].

kokok ook |

Solving for p;
o *x o *k
N[k—E-FVt g(@t)] ept_N[k—E-FVt g(Ht)]

t 0 P 0
pt ot
N<k_m£_eT+1) N<k_m£_em—+1)
= |uo + e L S (4102)

(1) Solving the Optimal Allocation

The 5 FOCs are:



. u 1

_ 1
P, = (499)

1

m,(1 -0+ a1,)g(6;) (mit) -~ (stt)('v

SO'

_ 30 —1+2,/(20 — 1)o
o
L LR PTON
vt = —
‘ mtg(et)
o efP+1 o eP+1
ok ok kK k N <k B ﬁt B mt ) pt N <k B m_t B mt )
we " = po + - (A102)
p p
\
1) Solving for L, and P;(egs. A98 and A99).
Combining (A98), (A99), and (A102) gives
L**t**** — 5 Noy 5 — > ox > o
14 _ g ePty1 _ g ePty1 _ g ePt41 _ g ePty1
A L e ) [;;?:(" e ) et s )
ox ox
(k g ePt+1> ( i_epf+1> (k_o—ept—1> (k_a—epf—1> (A103)
meg myg ept meg my moet ept moet
p p p p

Combining (A99), (A100), and (A103) gives

—-a

X

(k a’—ept—1> (k a’—ept—1>
mget ot mget
D

D

= kkkkkk

Py

= (moet)9[20+2/(20-1)a]HI =59 g(6;) (A104).

2) Solving for Us.

Next, by definition Us = [;" e P* N {mt [Pt g(et)(mit)l—a(stt)ff — WLy, — cue(s, Lpt)] -

vH — km, — SHZ — InP, — f:}t r]rt"’drt} dt. Then:



® = kkkkkk H 1_0. g k
Us = f e PIN|m,(1 — o + o7, P, (E) (sLy*)" g(8,) — vH — km, — EHz
0 t
— kokokkkk 17 R 1_11 - T 1_11
— InP, . TI( t ) 0 ldt
I-n

% 1 {[30 —1+2J(20 - 1)0]1"
o

= fo e PN |1 —vH — kmgyet — EHZ — P, —

_ <€_W)1_"} dt

em+ e,

k n [Bo—1+2JCo=Da| "
2 n ¢ o

- (—W) } — InP, dt

~ 1—17

e k 30—1+2,/(20—1 € 1-7

=f e PN [1 — vH — = H? + —. {[ o-142yQ20 )“] _<_W) N
0 2 n—1 o em+eg,

— kokokkkk

— kmgyet — InP, dt

) % _ _ 1-7 1-n
= J N[1—vH_§H2+L{[3G 1+2/(20 1)0] _( €w ) Ye—rt dt +

n-1 o eym+ey,

fooo(—kmoet)e‘pt dt + fom(—lnpt******)e‘pt dt =

~ 1-n 1—
_ ko2, 7 30-14+2(20-1)0 _ Ew n
i e s B 17 Lyt 3L GmlT) o g (K
p 1-p  n-1lp  1-n-p p p
o n olnoy+alnmgy+in[20+2,/(20-1)o]+(1-0)inH+olns+In [g(Gt)]}
> .

p p

Note that:



1_
30-142 (20—1)0] n ( €w
o

) f;711 = vH = £+ 2] )" YePt de = [1— v -

eim+ey

~ _ — 1—1’] 1_71 .
L +i{[3a e 1)0] — (=) Ny ertde =

n—-1 o eym+ey,

- 1- —
k.o, n J[30-1+2\/(20-1)c K Ew 1-n
1_UH_EH } { - - }

n-1 €m+ew
o
Sy (P (= o—Pt Jt = — ® L(1-p)t g — ZKMo T ,(1-p)t]* — kMo
(i) f, (=kmge")e Pt dt kmg [ e dt - e ]O = because
im e(1-Pt—]j L— im e(1-P)t—
th_}rg e gl_)rge(p_l)t 0 and ltl_r)%e 1(p>1).
-0
ox
g—ePt_1 o—ePt_1
G| P G
p p

dt =

r —-pt — ®©  —-pt
(i) fo( InPy )e dt fo € ln(moet)U[ZorJ_rz (20-1)0]H'~959g(6;)

_ —ePt_q ke —ePt_1
— fooo e Po ln{[%et] ePt — %et} —olnoy — glnmy — ot — In[20 +

2J(20 — 1)o] — (1 - 0)InH — olns — In [g(8)]}dt = — [ e P{o 1%[%] ePt —

o—-ePt—_1

_d—ept—l k_a—ept—l
pt

olns —1In[g(8)]ydt = — [" e Pt(o 1%[%” e

mget © _
T"} —ot}dt — [ e P*{ — glnoy — glnmy — In[20 + 2¢/(20 — 1)0] — (1 — o)InH —
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Il Calibrations

1. Effect of o on Socially Optimal Share Percentage of Landlord 7,
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Figure Al: Effect of o on Socially Optimal Share Percentage of Landlord 73,



2. Effect of o on Socially Optimal Share Percentage of Landlord 7;_
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Figure A2: Effect of o on Socially Optimal Share Percentage of Landlord 7;_



3. Effect 1 on Socially Optimal Share Rate of Landlord 7"
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Figure A3: Effect of 1 on Socially Optimal Share Rate of Landlord 7"



4. Effect of o on Socially Optimal Share Rate of the Landlord 7"

Calibration of Tt
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Figure A4: Effect of ¢ on Socially Optimal Share Rate of the Landlord 7"



5. Effect of ¢ on Socially Optimal Price of Agri-food P,

Effect of A* on Pt*
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Figure A5: Effect of o on Socially Optimal Price of Agri-food Ft**



6. Social Welfare Difference, D, Calibration (kmy = 0.1, 77" = 1}.)

Simulation of D(kmg = 0.1,Tt +,0p, 0; n=0.5)
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Figure A6: Social Welfare Difference, D, Calibration (km, = 0.1, 7™ = 7},



7. Social Welfare Difference, D, Calibration (kmy = 1,7 = 7;)

Simulation of D(kmg = 1,7t + ,0p,0;,n=0.5)
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Figure A7: Social Welfare Difference, D, Calibration (km, = 1,7 = ;)



8. Social Welfare Difference, D, Calibration (kmy = 10,7, = 7},)

Simulation of D(kmg = 10,7t +, 0p, 0;n=0.5)

Figure AS8: Social Welfare Difference, D, Calibration (km,,

= k%X =
=107 =1¢4)



9. Social Welfare Difference, D, Calibration (kmy = 0.1, = ;)

Simulation of D(kmo=0.1,7t—,0p, 0; n=0.5)
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Figure A9: Social Welfare Difference, D, Calibration (km, = 0.1, 7" = ;)



10. Social Welfare Difference, D, Calibration (km, = 1,7, = 7;_)

Simulation of D(kmg = 1,7t — ,0p, 0, n=0.5)

Figure A10: Social Welfare Difference, D, Calibration (km, = 1,7 = 7;_)



11. Social Welfare Difference, D, Calibration (km, = 10,7, = 1;_)

Simulation of D(kmg = 10,7t —, 0p, 0;n=0.5)

Figure A11: Social Welfare Difference, D, Calibration (kmy, = 10,7, = 7;_)



12. Social Welfare Difference, D;, Calibration ( 7" = ;)

Simulation of D1(rt+)

Figure A12: Social Welfare Difference, D,, Calibration (
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13. Social Welfare Difference, D;, Calibration ( 7" = ;_)

Simulation of D1(rt-)
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Figure A13: Social Welfare Difference, D,, Calibration ( 7}
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14. Social Welfare Difference, D,, Calibrations with Different Parameters ( 7
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Figure A14: Social Wélfare Differeﬁée, Dy, Calibrafi‘ons with Difféf\ent Parameters ‘(
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15. Social Welfare Difference, D;, Calibrations with Different Parameters ( 7; =T
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Figure A15: Social Welfare Differeﬁée, Dy, Calibrations with Different Parameters ‘( T
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