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Abstract This paper brings together the development literature on land tenure
with current research on population and long-run growth. Landowners make
a decision between fixed rent, fixed wage, and sharecropping contracts to hire
tenants to operate their land. The choice of tenure contract affects the share of
output going to tenants, and within a simple unified growth model, this affects
the relative price of food and therefore fertility. Fixed wage contracts elicit the
lowest fertility rate and fixed rent contracts the highest, with sharecropping
as an intermediate case. The implications of this for long-run growth depend
on the assumptions one makes about scale effects in the aggregate economy.
With increasing returns to scale, as in several models of innovation, fixed
rent contracts imply higher growth through a market size effect. Without
such increasing returns, though, fixed rent contracts reduce output per capita
through a depressing effect on accumulation.
Keywords Agriculture · Land tenure · Endogenous fertility
JEL Classification N10 · O41 · Q10
1 Introduction
From small family farms to large-scale plantations employing large numbers of
workers, there are a multitude of ways of organizing agricultural production.
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The details of these arrangements have been a subject of interest to economists
for a very long time, with Alfred Marshall (1920) making one of the first
systematic explorations of the efficiency of sharecropping.
The field of development economics has, since then, examined the nature of
land tenure in intense detail. Cheung (1969) suggested that Marshall’s analysis
was incomplete and proposed that tenure contracts would specify labor inputs
or an equilibrium could not be sustained. However, Cheung’s analysis makes
share tenancy and fixed rent contracts identical, which does not match empirical evidence. Stiglitz (1974) and Newberry (1977) incorporated uncertainty
and risk in order to explain how share tenancy could persist even though it
appeared inefficient while Eswaran and Kotwal (1985) considered differences
in ability between landowners and tenants as the driver of tenure relationship.1
Although we have rich theoretical models and a host of empirical studies
regarding tenure, this literature has not considered the long-run implications
of land tenure relationships.
Existing research that does examine the relationship of population and
growth, on the other hand, has generally ignored land tenure completely. This
is true despite the fact that most rely on land as a fixed factor of production
to generate a Malthusian relationship between fertility and income (Galor and
Weil 1999, 2000; Galor and Moav 2002; Galor 2005; Hansen and Prescott 2002;
Kremer 1993; Jones 2001; Doepke 2004; Kogel and Prskawetz 2001; Strulik and
Weisdorf 2008). Similarly, work that looks at structural transformation and the
allocation of labor between sectors has also typically assumed away questions
of land tenure even if a land market is allowed to exist (Gollin et al. 2007;
Vollrath 2009; Galor et al. 2009; Restuccia et al. 2008).
The purpose of this paper is to bring these two literatures together and
analyze whether differences in land tenure relationships may influence longrun population and growth processes. To do this, I employ the general structure of Eswaran and Kotwal (1985) to describe the conditions under which
landowners will choose fixed rent, fixed wage, or sharecropping contracts for
their tenants. The key parameters in this structure are the relative abilities of
landowners and tenants in managing farms and supervising labor, and then
landowners select the tenure system that nets them the greatest return. At a
specific combination of parameters, landowners will be indifferent between
the type of tenure used to engage tenants, a situation I focus on in the analysis
because it allows us to look purely at the effects of tenure system as opposed
to productivity differences in supervision and management.
This tenure decision is then placed within a simple growth model similar in
design to the work of Strulik and Weisdorf (2008). Individuals optimize over
consumption and fertility, where fertility depends on the relative price of agricultural goods. The model has both an agricultural and non-agricultural sector,
and labor is mobile between them. The system of land tenure determines the

1 This

review is incredibly incomplete. The reader is referred to Otsuka et al. (1992) for a broader
description of the literature.
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return to working in that sector. Under fixed rent systems, tenants earn the
returns to supervision and management, making it more lucrative to work in
agriculture. The relative price of food is driven down, and this raises fertility.2
Under fixed wage systems, however, the landowners capture the returns to
supervision and management and tenants are only hired for physical labor.
Fewer individuals will choose to work in agriculture, raising food prices, and
therefore fertility falls.3 The essential element driving these differences is the
share of output that goes to tenants versus owners. As the tenant’s share rises,
so does fertility.
Ultimately, fixed rent systems result in higher fertility and a larger population density in the Malthusian steady state. Fixed wage systems lead to lower
fertility and lower densities. The implication is that the method of organizing
agricultural production can have significant effects on long-run population
size.4
Does this matter for growth and income per capita? That depends on the
sources of growth. If accumulation of capital is the primary source, then higher
fertility rates under the fixed rent contract will lower steady-state income per
capita. However, recent research has indicated that capital accumulation is not
the major reason for differences in output per capita (Hall and Jones 1999;
Klenow and Rodriguez-Clare 1997; Caselli 2005). In contrast to accumulation,
models of innovation often depend positively on the size of population as this
creates larger profits (Jones 2003 and 2005). For a generic model of innovation,
the rate of population growth will be a determinant of the steady state growth
rate in output per capita. Thus, a land tenure system that provides higher
fertility (as the fixed rent contract does) will actually lead to higher growth.
So the overall effect of land tenure systems on income per capita depends on
the importance of accumulation and innovation, and it is possible that fixed
wage systems may have higher initial levels of income (due to accumulation)
but slower growth (due to innovation).
One interesting possibility linking land tenure and long-run development
has to do with family farming. In a recent paper, Easterly (2007) explores the
relationship between inequality and output per capita. In the empirical work,
he shows that the percentage of farms that are family operated historically
is a significant predictor of current inequality levels, and using this as an
instrument shows higher inequality causes lower output per capita. This may,
from the perspective of this paper, be explained more directly as a consequence
2 The

focus on the relative cost of children in determining outcomes is shared with work by Galor
and Mountford (2008) and Moav (2005).
3 Sharecropping is shown to be an intermediate case between these two extremes.
4 While showing the potential impact of land tenure on long-run development, the issue of property
rights is not addressed. Landowners do not exert any market power that allows them to capture
more than the marginal return to land. Binswanger et al. (1995) discuss historical situations
in which greater rents were available though control of labor and credit markets, a situation
formalized by Conning (2002) in his examination of land markets when owners act as oligopolists.
Similarly, the potential for population density to influence the technology available and hence the
tenure system employed, as in Boserup (1965), is not addressed.
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of the tenure system involved. Family farms can be described as fixed wage
operations in which the owner (the farmer) hires in his own labor (and possibly
additional labor if necessary). Fixed wage systems lead to lower fertility and
hence would be associated with higher income per capita if accumulation of
capital was relevant for income levels. Easterly’s results, then, may not reflect
the effect of inequality per se but rather the reduced form effect of a land
tenure system that encourages lower fertility and hence higher capital per
person. This explanation would complement existing work on the benefits of
low land inequality working through the political process, as in Binswanger
and Deininger (1997), Engerman and Sokoloff (1997), and Galor et al. (2009).
To proceed, first the structure of land tenure systems is described as well
as the conditions upon which different systems are chosen. Then the long-run
model of population is described and the implications of the tenure relationships are shown. Finally, the implications for these results in the context of
growth models of accumulation or innovation are explored.

2 Agricultural production and tenure relationships
To describe production and tenure, I follow the framework of Eswaran and
Kotwal (1985). They provide a way of understanding why particular forms
of land tenure may arise, given a set of conditions related to how labor and
landowners vary in their capabilities. Their work and mine by extension do
not attempt to explain why there are labor market imperfections, issues with
monitoring, and/or management ability. Rather, this framework will be useful
in describing how differences in these elements of the rural production sector
will influence long-run outcomes through the share of output that is earned by
laborers.
Agricultural production on any farm is given by
Y A = AMδ Eβ X 1−δ−β

(1)

where A is total factor productivity, M is management (a separate labor input
from physical work), and X is land. The factor of production E is the effective
physical labor input, and this is described more specifically as
E = S P1−

(2)

which says that effective labor is a Cobb–Douglas combination of supervision,
S, and physical labor, P. The value of  indexes the importance of the
supervision to productive work. If  = 0, then there is no monitoring problem
and physical labor enters the production function with an elasticity of β. As 
goes to one, supervision becomes more important due to some imperfections
in the labor market.
There are a total of L individuals in the economy. Of these, N are landowners, and for simplicity, it is assumed that each of the N owners holds exactly the
same amount of land. Thus, each holds X/N in land. These landowners will be
ultimately responsible for deciding which type of tenure relationship to offer
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to tenants and will do so to maximize their income. All individuals, owners and
non-owners alike, provide one unit of labor inelastically to the market. They
face an outside option of working in the non-agricultural sector for a wage
of W.
The crucial distinction between tenure systems will be how the management
(M) and supervision (S) inputs are provided. Under a fixed wage system, the
landowners themselves provide these two inputs, while a fixed rent system has
the tenant providing both management and supervision. Sharecropping will
split the responsibilities so that owners provide management while tenants do
the supervision.
As in Eswaran and Kotwal’s work, one of the drivers of tenure systems is
differences in ability between landowners and non-owners in their management and supervision ability. Mathematically, a unit of landowners’ time is
equivalent to only 0 < γ N < 1 units of supervision. Their management ability
is not distorted. On the other side, non-owners have no distortion in their
supervision ability, but a unit of their time is worth only 0 < γT < 1 units of
management. The values of γ N and γT index exogenously given distortions
in abilities. If one thinks of the M input as a proxy for capital services, then
landowners would have an advantage in providing this because they can offer
their land as collateral. On the other side, if non-owners tend to provide
labor as family units, the issues of monitoring may be less severe. Again, the
purpose here is not to provide an explanation for why these distortions exist
but rather to explore the ramifications of these distortions for long-run growth
and population size.
Given this setup, the various types of tenure systems and their implied
return to landowners are described in turn.
Fixed wage contracts. In this tenure relationship, the landowner does all
supervision and all management, hiring in workers to provide physical labor,
P, only.5 Given the Cobb–Douglas output function and a competitive market
for physical labor, agricultural laborers earn the fraction (1 − )β of output.
Note that because landowners provide the supervision (S) in this system,
β
there is a loss in productivity. Output is scaled down by the factor γ N . To
define the return to landowners, an intermediate step will be very useful here
and in the following sections. Define

Ŷ A =

5 Note

Aδ δ (β)β (β − β)(1−)β
W δ+β

1/(1−δ−β)
X

(3)

that there is nothing restricting landowners from being hired-in as the physical labor in this
tenure system or any other. The differences arise only from whether management and supervision
effort are open activities to non-owners. In the fixed wage contract, non-owners do not provide
these services.
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as agricultural output in a fully competitive market for all three labor inputs
where they each are provided at the wage rate of W.6 Given this, output in the
fixed wage system can be written as
β

Y FW
A = γ N Ŷ A

(4)

and the return to landowners (as a group) is
β

RFW = (1 − β + β)γ N Ŷ A .

(5)

Fixed rent contracts. Under this tenure relationship, the landowner charges
a fixed rent to tenants for use of the land. The tenants provide both the
supervision and management of production. The landowners, taking into
account that tenants will act to maximize output but that they have an outside
option of working in the non-agricultural sector, will set the fixed rent such
that the tenant earns exactly the outside option.
Tenants earn (1 − )β of output for physical work (P), β of output for
supervision (S), and δ of output for management (M). Because laborers are
δ
inefficient managers, total output is Y FR
A = γT Ŷ A . This implies that the return
earned by landowners in this contract is
RFR = (1 − β − δ)γTδ Ŷ A .

(6)

One thing to note is that the share of output paid to the landowner (1 − β − δ)
is smaller than the share paid in a fixed wage situation. However, the total
return may be higher under fixed rent if γ N is particularly small and/or γT is
relatively large.
Sharecropping. This setup provides a means for the landowner to maximize
output by engaging themselves as manager and hiring agricultural laborers to
be supervisors, avoiding any distortions to productivity. The issue with this
tenure relationship is in providing incentives to both parties to provide the
output-maximizing input of management and supervision. There are various
ways to think about how this negotiation operates, but Eswaran and Kotwal
make the case that thinking about the non-cooperative simultaneous choice
game between owner and laborer is appropriate.
The solution to the sharecropping problem can be described as follows. Let
the profit from the farm be written as
(M, S) = max Y A − W P
P

(7)

which is the maximized value of output minus physical labor costs, given the
values of management and supervision. Let P∗ be the optimal amount of labor
chosen.

6 Throughout this section, it is assumed that the number of landowners satisfies N/L ≥ θ (β +
δ)/w, which assures that the solutions for M and S are all interior and satisfy the condition that
M + S ≤ 1. This ensures that it is feasible for a single owner (or tenant) to provide the optimal
management and supervision input.
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The prospective sharecropper, who will act as the supervisor, earns the share
φ of the profits after physical labor is paid for. He thus solves
max φ(M, S) − W S
S

(8)

giving Ŝ(M, φ) as the optimal supervision input given the outside option of a
wage W for supervision time. Similarly, the landowner who acts as the manager
solves
max(1 − φ)(M, S) − W M
M

(9)

for M̂(S, φ) where the owners have a similar outside option for time. Because the tenant/supervisor is only earning φ of profits, we have the classic
incentive problem of Marshall (1920) at work here. However, note that
the owner/manager has a similar incentive problem. While these incentive
problems will induce both parties to exert less effort than optimal, the tradeoff is that there is no productivity distortion from either γ N or γT . Thus,
sharecropping may end being the optimal choice for the landlord.
A Nash equilibrium solves Ŝ(M, φ) and M̂(S, φ) simultaneously, yielding
values S∗ (φ) and M∗ (φ), which are the optimal responses given the sharing
rule φ. Now, to complete the solution, we allow the landowner to set the value
of φ in the sharecropping contract, taking into account the optimal responses
and knowing that the sharecropper has an outside option of W. The landlord
thus solves
max (M∗ (φ), S∗ (φ)) − W M∗ (φ) − W S∗ (φ)
φ

(10)

which incorporates the fact that the landowner can drive the return of the
sharecropper down to his outside option. The optimal sharing rule is φ ∗ .
This process results in the following distribution of agricultural output.
Agricultural laborers, in total, earn (1 − )β of output for providing physical
work. They also, as sharecroppers, earn φ ∗ β + φ ∗ δ as their share of the returns
to supervision and management.
There is a distortion to output, given that both managers and sharecroppers
are not receiving their full marginal product. Output under sharecropping is
∗β
Y SH
(1 − φ)∗δ Ŷ A , and so the return to landowners is
A =φ
RSH = [1 − β + (1 − φ ∗ )β − φ ∗ δ]φ ∗β (1 − φ)∗δ Ŷ A .

(11)

In terms of just the share of output earned, note that sharecropping nests the
fixed wage and fixed rent systems. As φ ∗ goes to one, the share of output goes
to (1 − β − δ), similar to a fixed rent outcome. As φ ∗ goes to zero, the share
going to landowners is (1 − β + β), which is the same as a fixed wage system.
Under very general conditions, though, the value of φ ∗ will be close to one
half, as established by Eswaran and Kotwal. For identical outside options, as
we have here, the optimal share will be exactly equal to one half.
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2.1 Equilibrium tenure choice
From the landowners perspective, any of the three tenure relationships are
available. They will choose the relationship that provides them the largest
return. Comparing RFW , RFR , and RSH , the optimal choice will depend on
the parameters of the production function. In particular, the importance of
supervision (), management (δ), and the productivity adjustments (γT and
γ N ) will dictate the outcome.
Looking first at an extreme situation, one can see that if  = 0 and there
are no supervision issues, then the FW tenure system is always best from the
landlords perspective. Their inefficiency in supervision is immaterial, and the
best option is to perform the management and supervision themselves while
hiring in physical labor.
If there are no inefficiencies, or γT = γ N = 1, then the fixed wage contract
is also optimal, as there is no inefficiency loss from doing supervision by
the landowner and their return is highest by undertaking the activity by
themselves.
More generally, we can examine what will be chosen by a landlord given the
productivity distortions present in the different systems. First, the fixed wage
contract will be chosen when RFW > RSH , which will occur when
β

γN >

1 − β + (1 − φ ∗ )β − φ ∗ δ ∗β
β
φ (1 − φ)∗δ ≡ γ̂ N
1 − β + β

(12)

or if the productivity distortion due to the landowners performing supervision
is not too bad. If the loss of productivity from the fixed wage contract is large
(i.e., γ N is small), then the landowner is better off taking a smaller share of a
larger output under sharecropping.
Similarly, fixed rent contracts will be preferred to sharecropping when
γTδ >

1 − β + (1 − φ ∗ )β − φ ∗ δ ∗β
φ (1 − φ)∗δ ≡ γ̂Tδ
1−β −δ

(13)

for a similar consideration, only now with respect to the distortion to output
from tenants performing the management function. Finally, fixed rent contracts will be preferred to fixed wage contracts when
γTδ >

1 − β + β β
γ
1−β −δ N

(14)

which depends on the relative size of the productivity distortions in the two
tenure systems.
The situation is summarized in Fig. 1, which plots the optimal choice given
β
the values of γTδ and γ N . As can be seen, only when both types of distortions
are severe will sharecropping be chosen as the outcome. Outside of that region,
the optimal choice depends on the relative size of the distortions, although note
that the fixed wage contract is preferred even when both distortions are equal
to one, as discussed above. The point Z is the point at which all three tenure
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Fig. 1 Optimal tenure
structure. Note: The f igure
illustrates the optimal choice
of tenure system given the
productivity distortion
β
affecting landowners, γ N ,
and the distortion affecting
tenants, γTδ . The intersection
Z is the point at which all
three tenure systems yield
identical returns to
landowners. The cutoff values
β
of γ̂ N and γ̂Tδ are defined in
the text

systems yield identical outcomes for the landowners. Note, though, that at this
point it is not the case that output is identical under each system.
In the analysis that follows, I will concentrate primarily on the point Z ,
comparing the long-run outcomes under each of the three different tenure
regimes. The advantage of looking at this single point is that the only thing
that changes is the tenure choice, while all the productivity distortions remain
fixed across the systems.

3 Tenure and population structure
The prior section allows us to characterize the situations in which different
tenure regimes are selected. What are the implications of the tenure decision
on long-run population? To answer this, I examine a simple unified growth
model based on the work of Strulik and Weisdorf (2008). In the model, fertility
is determined by the relative price of food and human capital accumulation
is abstracted from completely. There are therefore not distinct regimes, as
in Galor and Weil (2000), but the model still demonstrates dynamics that
include relative stagnation followed by a period of rapid development and
fast population growth before settling into a long-run equilibrium of low
population growth and sustained increases in income per capita.
The usefulness of this model is that it very clearly highlights the role
that labor’s share in agricultural output plays in development, as discussed
in Vollrath (2010). Regardless of the source of long-run development—
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institutional improvement, technology, human capital accumulation—the labor share influences how responsive the economy is to these changes.
3.1 Individual optimization
Utility of the L one-period lived individuals is described, as in Weisdorf (2008)
by a quasi-linear function
U = c + θ ln(n)

(15)

where c is the consumption of non-agricultural goods and n is the number of
children. Adults do not consume food directly (one can assume that their food
requirements were provided by their parents) but must purchase agricultural
goods in order to produce children. The budget constraint is
I = c + pan

(16)

where I is income, p is the relative price of agricultural goods, and a is the food
requirement of a child.
The optimal choice of children is, given the quasi-linear structure, independent of income,
n∗ =

θ
.
pa

(17)

Changes in the relative price will drive changes in fertility over time. Anything
that drives up agricultural productivity will drive down the price, and this will
raise fertility.
Note that because there is no income effect, every individual has the same
solution for fertility, regardless of whether they are a landowner or a tenant.
This alleviates the need to track the exact distribution of land.
3.2 Production and labor market equilibrium
As mentioned in the previous section, there are N landowners holding X/N
units of land, each operating with a production technology as in Eq. 1. The
farms sell their output competitively, so each farm solves the problem of how
to organize production in an identical manner, and the actual distribution of
land is again irrelevant. We can thus use Eq. 1 as the aggregate production
function for agriculture.
As mentioned in the section on tenure relationships, agricultural laborers and landowners have an outside option, which is working in the nonagricultural sector. This sector is assumed to operate with a technology linear
in labor, so that Y M = wL M , and the marginal value of labor in that sector is
w. In terms of the previous section, the outside option W is equal to w/ p.
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Assuming that labor effort is perfectly mobile between sectors, it must be
that the return to a tenant in the agricultural sector is equal to w.7 One can
write this in a general form as
w
YA
=μ
p
LA

(18)

where μ is the fraction of total agricultural output that is earned by an
agricultural tenant and L A is the total number of tenants engaged in that
sector. In the fixed wage system, L A thus represents only the amount of
physical labor, while in the fixed rent system, L A represents physical labor
plus management and supervision. Regardless, L A is the total amount of labor
provided by tenants in the agricultural sector.
A final condition is that total agricultural production must be equal to
agricultural demand, which implies that
Y A = Lan

(19)

and this can be used with the optimal fertility decision in Eq. 17 and the
equilibrium labor condition in Eq. 18 to solve for the equilibrium.
The outcome is that
θμ
L
(20)
LA =
w
which has several important features. First, agricultural productivity (A) has
no influence on the number of tenants in the agricultural sector. Any increase
in productivity lowers the price of fertility, which raises the number of children,
and this immediately and perfectly offsets the change in productivity. If one
allowed for demand for agricultural goods by adults, there would be short-run
effects of productivity on the number of tenants, but in the long run, population
effects would again eliminate the effect.
Secondly, note that the fraction of output going to agricultural labor, μ,
drives the number of tenants. This is the first avenue through which tenure
relationships will influence long-run outcomes. A choice of a tenure system
that has a large fraction of output going to tenants (fixed rents, perhaps) will
drive up the share of people engaged in that sector.8
Using Eq. 19, we know that n = Y A /(La). Output will depend on the tenure
decision made, so consider the fixed wage system first. Given Eq. 4, this means
that
β

nFW =

7 This

Y FW
γ Ŷ A
A
= N
.
aL
aL

(21)

equilibrium condition is identical for landowners, who recall are able to provide their labor
as tenants as well. The difference between non-owners and owners is that owners have additional
income depending on the tenure system. The marginal condition relating the return to tenancy
and the outside option, though, is identical.
8 Note that while L captures the number of tenants, it does not necessarily capture the total
A
amount of labor (physical plus supervision plus management) engaged in agriculture.
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Referring back to the definition of Ŷ A from Eq. 3, we can see that it depends
on W = w/ p. From Eq. 18, we know how to determine w/ p and note that this
depends on μ, the share of output going to tenants. For the fixed wage system,
μ = (1 − )β. Putting this all together, one can solve for


 
β
γN A
(1 − )βθ β+δ X 1−β−δ
FW
(22)
n =
a
w
L
=

δ δ (β)β (β − β)(1−)β
(β + δ)β+δ

(23)

which displays the classic Malthusian result that fertility is declining with
the size of the population, given the fixed factor X. Note as well that as w,
the marginal product of non-agricultural work, goes up fertility falls. This is
the relative price effect at work, as increasing productivity in non-agriculture
makes food relatively more expensive and therefore so is fertility.
Similar analysis for both fixed rent and sharecropping reveals that
 


γδ A
(β + δ)θ β+δ X 1−β−δ
nFR = T
(24)
a
w
L
and
nSH =

φ β (1 − φ)δ A
a



(β − (1 − φ ∗ )β + φ ∗ δ)θ
w

β+δ 

X
L

1−β−δ
(25)

which have the same basic properties as nFW . Note, though, that there are
several differences related to the productivity distortions and the share of
output that is paid to labor.
Rather than look directly at the equilibrium fertility levels, it will be clearer
to look at relative fertility levels. Take the ratio nFW /nFR and you have

β 
γ N (1 − )β β+δ
nFW
= δ
(26)
nFR
β +δ
γT
which shows that fertility will differ to the extent that the productivity distortions differ and the tenants share in output differs. At this point, focusing on
point Z in Fig. 1 is useful. Recall that at this point, all three tenure systems are
equally lucrative to a landowner. It must be that


nFW
1 − β − δ (1 − )β β+δ
=
<1
(27)
nFR
1 − β + β
β +δ
β

given that (1 − β − δ)γTδ = (1 − β + β)γ N at point Z . Both fractions in this
expression are less than 1. It must be the case that nFW < nFR , or simply
choosing a fixed wage system over a fixed rent system will lower fertility rates.
The reason for this is that the fixed wage system, by raising the share of output
earned by landowners, lowers the share earned by tenants. Thus, the returns to
working in agriculture are lower and fewer individuals want to work there. To
achieve equilibrium, agricultural prices must be higher and this lowers fertility.
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Thus, the choice of fixed wage over fixed rent will lead to lower population
growth.
An important point is that the productivity differences between tenure
β
systems (the ratio of γ N to γTδ ) is not the only thing driving fixed wage fertility
lower than fixed rent fertility. Looking back at Eq. 26, one can see that even
if these productivity adjustments are identical, it will still be the case that the
differential share of output drives nFW < nFR . It is in fact possible for fixed
wage productivity to be higher (which lowers food prices and raises fertility)
and yet for fertility to be lower than in the fixed rent situation because of the
difference in output shares.
A similar analysis can be done with respect to sharecropping, again assuming that the productivity distortions are such that the economy is at point
Z . Recall, though, that tenants share of output under sharecropping can be
thought of as an intermediate case lying in-between the fixed wage (φ = 0)
and fixed rent (φ = 1) systems. Because of this, it will be the case that
nFW < nSH < nFR

(28)

at the point where all three tenure systems are equivalent in return to the
landowner, point Z .
If the economy is not at this specific point, then it makes no sense to compare
fertility under different tenure systems because only one system will be chosen.
Comparing two different points in the diagram and therefore different tenure
systems, the difference in fertility will depend not only the tenant’s share of
output but on the actual productivity distortions that hold. It’s quite possible
that a fixed rent system could have lower fertility than a fixed wage system if
the ratio of productivity distortions were dramatic enough. However, the result
in Eq. 28 shows us that, holding everything constant, fertility is the lowest in a
fixed wage system.
3.3 Malthusian implications
Given the static differences in fertility among the tenure systems, there are
several long-run implications. Let population evolve according to
Lt+1 = nt Lt

(29)

where nt is the fertility rate determined in period t given land, X, the population at time t, Lt , the level of wages, wt , and agricultural productivity, At .
Without any changes in productivity, the negative relationship of nt to Lt ,
regardless of tenure system, will result in a Malthusian steady state with a fixed
population size. Solving for the population sizes that set nFW = 1 and nFR = 1
using Eqs. 23 and 24, respectively, one can find the ratio


1 − β − δ (1 − )β τ
L∗FW
=
<1
(30)
L∗FR
1 − β + β
β +δ
where τ = (β + δ)/(1 − β − δ). As expected, given the results regarding fertility, the steady-state population size is smaller with a fixed wage system when
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we assume the economy is at the point Z where tenure systems are equivalent
in returns. This is true even holding X constant, so what we can see is that fixed
rent systems will result in higher population densities than fixed wage systems.
A similar argument as above regarding sharecropping shows that
L∗FW < L∗SH < L∗FR

(31)

in steady state. The larger the share of output that is earned by tenants, the
larger will be the size of the population as this induces more people to work in
agriculture, driving down the price of food and driving up fertility.
3.4 Inequality
To this point, the actual distribution of land across owners has not been explicitly discussed. The assumption has been that land is sufficiently widespread so
that interior solutions are the result of the optimization problem in each tenure
system. In other words, the optimal amount of management plus supervision
effort is less than one unit of time.
What happens if this is not the case? Consider a landowner with a very
large holding. In this case, the fixed wage contract is less lucrative as the owner
can only provide one unit of time total to supervision and management even
though the optimal amount, if unconstrained, would be more. Compare this to
the fixed rent contract. Here, the landowner can subdivide his holding up into
several small parcels and rent them out to multiple tenants, each of whom can
provide an amount of supervision and management that is optimal.
When land is concentrated into a small number of large holdings, this
makes fixed wage contracts less attractive. In terms of the earlier notation,
it is equivalent to raising the cutoff value γ̂ β . The point Z in Fig. 1 shifts to
the right. This means that sharecropping and fixed rent contracts will be more
prevalent. Thus, given the prior results regarding fertility, an increase in land
inequality will, ceteris paribus, increase fertility as it makes fixed rent contracts
more likely.

4 Implications for growth
The previous section shows that the choice of land tenure system will have
an effect on fertility rates and long-run population size. Here I discuss the
possible ramifications of this for long-run growth. Intuitively, the effect of land
tenure, by acting on fertility rates, will influence growth, but this will depend
on the relative importance of accumulation and innovation. Specifically, higher
fertility reduces long-run income per capita if accumulation is what matters, as
in a typical Solow model. However, if scale effects are prevalent for innovation,
then higher fertility may actually raise long-run growth rates.
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4.1 Accumulation
Consider first the effects on the accumulation of productive capital. A
modification of the individual utility function to
η 1−η

U=

c1 c2
+ θ ln(n)
ηη (1 − η)1−η

(32)

alters the earlier specification by allowing for consumption over two periods
of an individuals life. There will thus be a savings motive, and this will be the
source of capital in an overlapping generations setting.
Let individual income be It , and their budget constraint is
c2,t+1
It = c1t +
+ pant .
(33)
1 + rt+1
Optimizing utility with respect to this budget yields the following outcomes
nt =

θ
pa

st = (1 − η)(It − θ)

(34)
(35)

which shows that fertility is determined in a fashion similar to before and
savings are a fraction (1 − η) of the income remaining after children’s food
is purchased.
An important aspect of st is that it is linear in income, and therefore, the
exact distribution of income across individuals does not matter. Let y1t be
the income per worker of the young generation. Capital then accumulates
according to
kt+1 =

(1 − η)(y1t − θ)
1 + nt

(36)

where kt+1 is capital per worker in period t + 1.
To determine income per worker in period t requires more information on
the non-agricultural sector. In the prior section, it was presumed that this sector
was linear in labor with a productivity terms of w. Here we allow for capital to
be used in non-agricultural production so that
Y Mt = BKtα L1−α
Mt

(37)

where B is a productivity term, Kt is the aggregate capital stock, and L Mt is the
number of workers in the non-agricultural sector.
Now we will assume that young workers earn all the returns to labor as well
as the returns to land.9 Their income per-capita is therefore
y1t = pt

9 This

Y At
Y Mt
+ (1 − α)
Lt
Lt

simplifies the analysis without making any qualitative changes.

(38)
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where the first term captures the fact that the Lt young individuals earn all of
the income from the agricultural sector and the second captures that they earn
the (1 − α) share of non-agricultural output for their labor.
From Eqs. 17 and 19, as well as Eq. 37, we can simplify this to


L Mt 1−α
α
(39)
y1t = θ + (1 − α)Bkt
Lt
which implies that capital accumulation from Eq. 36 can be written as
 1−α
(1 − η)(1 − α)Bkαt LLMtt
kt+1 =
1 + nt

(40)

and this has a typical OLG formulation, modified by the fact that the share of
labor engaged in manufacturing L Mt /Lt is relevant to accumulation.
How does land tenure influence this relationship? As established in Eq. 28,
fertility differs based on the choice of tenure. Therefore, we can establish that
SH
FR
kFW
t+1 > kt+1 > kt+1

(41)

10

given kt . Given Eq. 41, it follows that the steady-state level of capital is the
highest in a fixed wage system because it allows for the lowest fertility level.
Fixed rent will induce a smaller steady state as the economy produces food for
a lower price, and therefore, fertility remains relatively high. So to the extent
that growth depends on capital accumulation, the tenure system that produces
the lowest fertility rate should end up the richest in steady state.
This provides one possible explanation for the correlation of land inequality
and levels of per capita income, as in Easterly (2007). As land inequality
increases, recall that this will push the economy toward the fixed rent or
sharecropping tenure systems. These, by raising the share of output earned
by tenants, lower the price of food and increase fertility. With accumulation,
then, economies with high land inequality will end up with lower output per
capita. The inequality/output connection does not necessarily have to operate
through political economy considerations, which the work of Binswanger and
Deininger (1997), Engerman and Sokoloff (1997), and Galor et al. (2009)
document and describe.
The reduced form findings of Easterly do not provide information on exactly
what channels link land inequality to lower development. It seems likely that
the detrimental effect of land inequality on policy combines with the effect on
fertility described in this paper to produce the overall relationship, as neither
precludes the other. The model presented here suggests that if one could
control for the political influence of landowners, a negative relationship should
persist between land inequality and development because of the fertility effect.

that because labor moves freely between sectors, L Mt /Lt is the optimal allocation of labor
to manufacturing. By the envelope theorem, we do not need to take into account the effect of a
change in fertility on L Mt /Lt .

10 Note
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Further empirical work along these lines could provide information on the
relative importance of the fertility effect versus the political economy effect.
4.2 Innovation
The prior section did not allow for any technological progress, only showing
that accumulation is slowed down by higher population growth. Is there a way
in which the tenure system will interact with innovation to actually change
steady-state growth rates?
Given the difference between tenure systems in fertility and population size,
any effect on innovation would likely arise when scale becomes relevant to
profits. A simple way of examining this can be found in Jones (2003, 2005). Let
the growth of non-agricultural productivity be
Bt+1 − Bt = ωLλSt Bt

(42)

where ω > 0 is a scaling parameter, while 0 < λ ≤ 1 and  < 1 dictate the
nature of technological progress.11 L St is the number of scientists or researchers engaged in increasing productivity at time t. This formulation allows
for knowledge spillovers ( > 0) or fishing out ( < 0). The parameter λ < 1
implies that there is some congestion or duplication involved in innovation.
The growth rate of productivity is
LλSt
Bt+1
= ω 1−
Bt
Bt

(43)

and in steady state L St and Bt would have to grow at the same rate. This implies
that
λ L S,t+1
Bt+1
=
(44)
Bt
1 −  L St
and along a balanced growth path it must be that L St is growing at the same
rate as population. If not, eventually scientists will make up 100% of the
population and no production will take place, or they will make up 0% of the
population and growth will be zero. These conditions have to hold in steady
state regardless of the actual micro-foundations of the research sector.
Applying this balanced growth condition, in steady state, we have that
Bt+1
λ
=
nt
Bt
1−

(45)

which says that productivity growth in non-agriculture is proportional to the
growth rate of population. In this case, higher fertility is clearly a positive
for growth. Therefore, a land tenure system such as fixed rent that allows for
higher fertility will result in higher long-run growth. Fixed wage contracts, with

11 I focus here on non-agricultural productivity because this will drive output per capita in the long
run. Increases in agricultural productivity will only increase the long-run size of population.
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lower fertility, do not produce as large a population, and therefore, the scale
of the economy is smaller and productivity growth is slower.
Even if capital accumulation is a part of growth, the conditions presented
here hold. In other words, innovation is able to overcome the decreasing
returns to capital and the drag of high fertility on growth through accumulation
is muted. The value of λ dictates the power of this effect. As λ goes to zero,
productivity growth no longer depends on the scale of the population. In this
case, greater fertility cannot produce higher growth and long-run productivity
growth is equal to 0.

5 Conclusion
The variety observed in different agricultural settings has made land tenure
relationships a subject of interest to economists for a very long time. The recent
exploration of Malthusian population models and their implications for longrun growth has not dealt with tenure despite the central importance of the
agricultural sector in these models.
This paper showed that one can incorporate tenure systems into a simple
model of long-run growth. The result is that there are differences in fertility
rates and the Malthusian steady-state population based on the type of tenure
system used. Fixed rent systems, by allocating a larger fraction of agricultural
output to tenants, encourages more tenants to enter that sector and drives
down food prices, raising fertility. Fixed wage systems have the opposite effect
due to the lower share gained by tenants, and sharecropping is an intermediate
case.
The implication of this for growth in the long run depends on whether scale
effects are at work. If innovation increases with the number of researchers
working or with the size of the market, then the higher fertility of fixed rent
systems will generate higher output per capita in the long run. On the other
hand, if accumulation of capital with decreasing returns is relevant, then fixed
wage systems that lower fertility will be the best for output per capita.
Most models of long-run population and growth assume no property rights
over land and so allow tenants to earn their entire average product. In purely
theoretical terms, this may not be problematic when examining the sources
of take-off to sustained growth. However, if one is trying to calibrate models
like this to do an accounting of the sources of growth, then the results here
suggest that one should account for the tenure structure so that fertility rates
are correctly modeled.
The model presented here also provides a way of thinking about the negative relationship between land inequality and overall development levels. To
the extent that family farming is a form of fixed wage tenure and development
levels depend upon accumulation, then the result that economies with a large
proportion of family farms are richer on a per capita basis makes sense
given the lower fertility rates. This offers an alternative, but complementary,
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explanation alongside those that focus upon the political economy of land
distribution and its influence on policy.
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