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Abstract

I explore the role of land as a �xed factor of production in shaping consumption volatility and
consumption inequality in the presence of idiosyncratic uninsurable labor income risk. Land as an
asset in �xed supply o�ers a particularly e�ective form of self-insurance through its e�ect on the
share of safe to risky household income in general equilibrium. I use the theory to explain con-
sumption dynamics in land-intensive rural economies. The model helps explain the puzzlingly low
passthrough from income shocks to consumption as well as low intergenerational mobility found
for rural households in developing economies.
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� Introduction

Income and consumption dynamics of rural households in developing economies di�er substantially
from urban ones: For one, rural households’ consumption appears well insulated from income risk
as indicated by a low measured passthrough from income shocks to consumption, see Townsend
(����). Consistentwith this, consumption inequality tends to be low relative to income inequality, and
changes little over the life cycle. Lastly, intergenerationalmobility in incomeor education is relatively
low in rural environments, see for instance Alesina et al. (����). In this paper, I argue that the role
of land as a �xed factor of production is a quantitatively important force in shaping the link between
income and consumption, which is particularly helpful in explaining di�erences in consumption
dynamics across rural land-intensive vs. urban capital-intensive economies.

The key insight in the paper is that the link between income and consumption volatility is sensitive
to the share of land in a general equilibrium Bewley-Hugget-Aiyagari style model where households
self-insure against idiosyncratic labor income shocks, and �nal output is produced according to

Y = T
�
K

⌫
H

1���⌫
, (�)

which combines land T , physical capitalK, and laborH where the labor share 1� ✓ := 1� �� ⌫ is
�xed throughout. The importance of land and reproducible capital varies depending on � vs. ⌫, and,
for concreteness, think of a rural economy as one with ⌫ = 0, and an urban economy as one with
� = 0 in a stationary environment. To see why the land sharematters, consider a stationary economy
with idiosyncratic risk. As income risk increases, households’ precautionary savings pick up, and
demand for safe assets rises. In the rural economy, savings pressure ends up raising the equilibrium
price of land, pT , which is endogenous. This turns out to be convenient for rural households as more
safe assets are created through a land price appreciation. Contrast this with the urban sector, where
savings are channeled into physical capital accumulation. Whenever physical capital depreciation is
non-zero, saving in capital represents an inferior storage technology because additional savings re-
duce the share of safe to risky income in the economy, i.e., total asset income vis-a-vis labor income.
The reader can verify this claim by computing the ratio of safe to risky income in a competitive sta-
tionary environment given by

(R� �k)K +RTT

wH
=

✓

1� ✓
� ⌫

1� ✓

�k

r + �k
, (�)

where R and RT is return to capital and land, respectively. It is easy to see that in the land-only
economy, the ratio is �xed at ✓

1�✓
, and strictly larger than the ratio in the urban economy as long as

physical capital depreciates, i.e., �k > 0. What is more, a risk-induced fall in the interest rate in a
capital-intensive economy further reduces the share of safe to risky income as expression (�) is in-
creasing in the interest rate for ⌫ > 0. These aggregate aspects of the economy induce distinct house-
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hold consumption dynamics: they shape the passthrough from labor income shocks to consump-
tion, the evolution of consumption inequality within cohorts, and the intergenerational persistence
of consumption across cohorts in a way that is consistent with the empirical literature documenting
di�erences in consumption dynamics across rural vs. urban and developing vs. advanced economies
reviewed below.

I develop this argument in four steps. First, I build an incomplete market model with in�nitely-
lived dynastic households that make consumption-saving choices in the presence of idiosyncratic
labor income risk as in Aiyagari (����). Relative to this canonical framework, I include land as a fac-
tor of production and allow for informal insurance schemes, which have been found to be important
in rural communities.� I use amodel of perpetual youth (Yaari, ����; Blanchard, ����) with accidental
bequest to tractably embed a unit-root income process into an in�nite horizon model and generate
meaningful intergenerational persistence,� and consider each sector in autarky.� Three aspects dif-
ferentiate rural from urban: the role of land in production, the income process, and the degree of
informal insurance. The rural sector is by de�nition the land-intensive sector, and the other two di-
mensions will be informed by household-level panel data on income and consumption from South
Africa.

Before I quantify themodel I prove formally that as long as the rural sector is more land-intensive
and physical capital depreciates, the gradient of the equilibrium interest rate with respect to income
risk is steeper in urban than in rural, all else equal. Put di�erently, an equal amount of labor income
risk puts more downward pressure on the equilibrium interest rate in the capital-intensive urban
economy. This has important feedback e�ects on consumption volatility. Note that labor income is
the volatile component of income, and higher interest rates imply that future labor income is more
heavily discounted rendering the volatile component of household wealth relatively less important
whilst elevating household �nancial wealth, which is a source of safe income, as relatively more im-
portant. This shi� reduces the passthrough from persistent labor income shocks to consumption,
and ultimately risk exposure.� This is the microeconomic analogue of the relatively larger aggregate
safe to risky income ratio in a land-intensive economy.

A �ip side of this is that �nancially wealthy rural households are more likely to remain wealthy in
�See Rosenzweig and Stark (����).
�I drop the assumption of perfect annuity markets so that newborn cohorts enjoy accidental bequests, which is convenient

for two reasons. First, I will nest the neoclassical model exactly when shutting down income risk, which is not the case in the
standard perpetual youth model. Second, the framework allows for a straightforward and empirically plausible link between
parental and child life outcomes, driven by the role of �nancial wealth.

�Financial markets must be at least partially segmented so that the rural and urban interest rates can di�er. Intermediate
cases of imperfect integration seem realistic, see Kleinman et al. (����). If rural and urban sector are fully integrated, the basic
logic of the paper still goes through, but the unit of observationwould be the country level, i.e., themore land-intensive country
would feature a higher interest rate, ceteris paribus. The interaction of rural-urbanmigration and income risk is addressed in
a companion paper in Trouvain (����b).

�Of course, on net, asset accumulation reduces household consumption volatility in urban, which is the point of self-
insurance. But in general equilibrium, asset accumulation in the capital-intensive sector leads to a decline in the interest
rate, which partly undermines self-insurance motives.
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the future. This persistence of rural inequality is due to the larger role of �nancial wealth in shaping
life outcomes enabled by the relatively high and safe asset return. In contrast, human capital wealth
plays a more important role in the urban sector, which evolves stochastically and induces greater
income mobility within and across cohorts. Both the greater importance of �nancial wealth, which
is partly inherited, and the smaller role assigned to human capital, which is the �ckle component of
income, induce higher intergenerational persistence in consumption in rural.

In the second step, I quantify the model. I calibrate the income process to match income dynam-
ics for rural and urban households in South Africa based on a companion paper in Trouvain (����b).
Di�erences in land-intensity, the income process, and informal insurance are all quantitatively im-
portant in shaping consumption risk, and I bring in consumption-level data to discipline these di�er-
ent margins building on Deaton and Paxson (����)’s insight that the joint distribution of income and
consumption contains information on the degree of insurance. This idea also underpins the popular
passthrough coe�cients of Townsend (����) and Blundell, Pistaferri, and Preston (����), henceforth
BPP, which I compute as well. Consistent with prior literature, I �nd that rural consumption appears
surprisingly smooth. In contrast to the literature, I highlight how land-intensity in this general equi-
librium setup impacts the structural interpretation of these commonly used methods.� The fact that
a larger share of household income derives from asset income lowers the passthrough from labor
income shocks to consumption substantially.

It is worth highlighting that the role of land entirely operates through its impact on aggregate
equilibrium objects, such as the interest rate and the relative supply of safe assets, and has nothing
to do with any particularities of the market for land, of which of course there are many.� Moreover,
the argument is one of degrees and does not require that the capital share in rural is zero. In fact,
my rural economy will feature a non-zero physical capital share consistent with the data, and the key
�ndings hinge on the aggregate depreciation rate being lower in rural than in urban.

In the third step, I consider counterfactual scenarioswhere I explorehow important di�erences in
land-intensity, informal insurance, and income risk are in explaining di�erent consumption dynam-
ics across rural and urban sector. I �nd that both di�erences in informal insurance, and di�erences
in land intensity are quantitatively important in generating low passthroughs of income shocks to
consumption. Interestingly, the two interact because the role of land will be more pronounced the
larger e�ective income risk is, which in turn depends on the degree of informal insurance. Moreover,
note that imperfectly transitory shocks, whichmy empirical analysis suggests are especially relevant
in the rural sector, further lower the estimated passthrough from persistent labor income shocks to

�For recent applications of either BPP’s or Townsend (����)’s approach in developing economies see De Magalhaes and
Santaeulalia-Llopis (����), Santaeulalia-Llopis and Zheng (����), Meghir et al. (����), Attanasio et al. (����), andDeMagalhaes,
Martorell, and Santaeulalia-Llopis (����).

�I focus on themost simple version of themodel in themain body of the paper where land, just like capital, is frictionlessly
traded and households can be thought of as trading one risk-free bond. There are, of course, complex formal and informal
norms governing land access in developing economies, see Pande and Udry (����) for a review, and I consider an extension
with partially �xed risky land endowments in the robustness section.

�



consumption since mean-reverting shocks are easier to ensure through bu�erstock savings.
Lastly, I consider the impact of aggregate shocks including transition dynamics to highlight how

they interact with the land-intensity of the economy, and I o�er an extension of the baseline model
where land is imperfectly traded and potentially subject to idiosyncratic productivity shocks. Re-
garding aggregate shocks, I consider two scenarios where the �rst analyzes a temporary aggregate
productivity shock, while the second explores a secular increase in risk. Note that a land-intensive
economy is particularly vulnerable to a negative TFP shock in the sense that aggregate consumption
takes a more severe hit. The reason is that the capital-intensive urban economy can temporarily re-
duce investment to shield consumption, a strategy less available in rural as investment rates are low to
being with due to a low physical capital share. With regard to the second scenario, note that the price
of land can appreciate in the face of rising income risk, while the price of physical capital is �xed. As
income risk goes up, the land-intensive economy converges more quickly to the new long-run equi-
librium with a higher safe asset to labor income ratio relative to the capital intensive economy.
RelatedLiterature. The paper relates to the larger literature on the aggregate implications of idiosyn-
cratic income risk in general equilibrium, building on Bewley (����), Huggett (����), and Aiyagari
(����).� Relative to these studies, I consider the role of land as a �xed factor of production in shaping
consumption volatility, and explore the model’s ability to account for di�erences in consumption dy-
namics across rural and urban sector. Note thatmodeling the rural sector as land-intensive hasmany
antecedents in the literature. Yet, land-intensive production is usually invoked in environments that
either abstract away from idiosyncratic risk (Hansen and Prescott, ����; Lucas, ����) or are set in
partial equilibrium (Lagakos, Mobarak, and Waugh, ����), so that the link between land as a �xed
factor of production and risk has been overlooked.

The special role of safe assets in the presence of idiosyncratic risk goes back to the seminal work
of Bewley (����). Woodford (����) and Aiyagari and McGrattan (����) study the optimal amount of
government debt in this context, and Aguiar, Amador, and Arellano (����) consider robust Pareto-
improving �scal policy in such environments. I highlight that land as a factor in �xed supply auto-
matically generates more safe assets in the presence of idiosyncratic risk, which also means there is
less scope for welfare-improving �scal policy.

Empirically, I build on the seminal works of Deaton and Paxson (����), Townsend (����), and
Blundell, Pistaferri, and Preston (����) to measure income and consumption risk in the data. I com-
pare these estimates with coe�cients based on simulated data from the model to explore potential
biases similar to Kaplan and Violante (����).� Kaplan and Violante (����) summarize and extend re-
cent work thatmodels carefully the response of consumption to income shocks (Kaplan and Violante,

�See also Imrohoroğlu (����), Deaton (����), and Carroll (����).
�An important di�erence to Kaplan and Violante (����) is that I operate in an in�nite horizon framework, which has a

number of bene�ts. First, I reduce the computational burden by ridding the model of an explicit age structure with life-cycle
consumption smoothing motive. Second, this also is a natural starting point since rural family units are closely knit, pension
schemes are o�en non-existent, and elderly parents reside with children in the same households. A standard life-cycle model
is not a good �t for such an environment.
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����; Kaplan and Violante, ����; Aguiar, Bils, and Boar, ����). My general equilibrium focus is com-
plementary to their work set in partial equilibrium,� and useful for understanding how the economy
responds to changes in income risk or aggregate shocks, which are counterfactual questions that turn
out to be sensitive to the share of land in production.

A growing literature has been documenting the micro-dynamics of income and consumption
in developing economies, see De Magalhaes and Santaeulalia-Llopis (����), Santaeulalia-Llopis and
Zheng (����), DeMagalhaes,Martorell, and Santaeulalia-Llopis (����), Lagakos,Mobarak, andWaugh
(����) and Attanasio et al. (����). My �ndings are, on a high level, consistent with theirs. A related
literature has studied risk in two-sector rural-urban economies, see Banerjee andNewman (����) and
Munshi and Rosenzweig (����).�� A key di�erence to these works is the role of land in the presence of
idiosyncratic income risk. While I abstract away from rural-urban migration to focus on the role of
land in general equilibrium, I consider how income risk shapes selection into rural-urban migration
in related work (Trouvain, ����b). Moreover, I explore the transition dynamics of the theory devel-
oped here in amore involved non-stationary two-sectormodel with long-run growth and endogenous
migration to explain aggregate savings in fast-growing emerging markets (Trouvain, ����a).

� Model

�.� Environment

Time is continuous,markets are competitive, and there is a constantmass of householdL.�� In�nitely-
lived dynasties supply their labor inelastically and make consumption-saving choices.��

Income Risk. The logarithm of household labor income follows a stochastic process with persistent
�Kaplan and Violante (����) explain that the link between income and consumption can be e�ectively studied in partial

equilibrium, and incorporate portfolio adjustment frictions and asset return heterogeneity to match households’ marginal
propensity to consume. Measuring rural wealth distributions and interest rates is, of course, much harder than in advanced
economies as data is more scant. Aguiar, Bils, and Boar (����) highlight that even for a model with return heterogeneity and
portfolio adjustment costs, it is di�cult to match household consumption dynamics without preference heterogeneity.

��Ligon (����) and Ligon, Thomas, and Worrall (����) explore limits to full risk pooling in village economies based on lim-
ited commitment constraints, see Morten (����) and Meghir et al. (����) for related work in the context of rural-urban migra-
tion. Other central references in the development literature on risk in rural environments are Rosenzweig andWolpin (����),
Fafchamps, Udry, and Czukas (����), Fafchamps and Lund (����), and Jayachandran (����), Kinnan and Townsend (����), Cole
et al. (����), Samphantharak and Townsend (����), and Silva and Townsend (����). Donovan (����) studies the role of income
risk in explaining low intermediate input shares in subsistence agriculture using a quantitative model, while Cole et al. (����)
and Karlan et al. (����) considers the e�ect of formal insurance on agricultural outcomes based on experimental variation.
Manysheva (����) and Rodrigues (����) explore the role of land reallocation frictions in developing countries in incomplete
market settings.

��Note that the urban economy is neoclassical so population growth would only changes the e�ective rate of depreciation.
The rural sector features a �xed factor, land, so a constant population is a natural assumption that could be micro-founded
using Malthusian forces.

��The in�nitely-lived dynastic household assumption abstracts away from limits to risk sharing within families, see for in-
stance Dercon (����). A related literature has explored the extent of risk sharing in the family, see Cox (����), McGarry (����),
Ameriks et al. (����), Attanasio, Meghir, and Mommaerts (����) and Boar (����).
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and transitory component

dp = �dZ, (�)

d✏ = dN (✏0 � ✏) (�)

where dZ is a Wiener process. Transitory shocks arrive at rate �✏, and involve an iid draw from a
mean zero normal distributionG (✏0) with variance �2

✏
.Household labor income reads

Wi (p, ✏) = we
pi+✏i . (�)

To render the income distribution stationary, I assume that dynasties are hit with a death shock at
rate �.�� Households are then replaced by new dynasties that draw their persistent type in logs from
a normal distribution with mean c0  0 and variance �

2
0 , their transitory type from G (✏0), and that

take over the asset position from the dying dynasty. This setup is convenient because it nests the neo-
classicalmodel, which is not the case in the alternative setup of Yaari (����) or Blanchard (����) where
annuity markets give rise to asset accumulation and consumption dynamics even in the absence of
risk.��

I introduce informal insurance in a simple fashion by assuming that unobserved e�ective house-
hold labor income,W ⇤

i
, reads

W
⇤
i
= we

(1�)(pi+✏i)+d (�)

where  2 [0, 1] represents an implicit insurance coe�cient in the following sense. I assume income
is redistributed across householdswithin the same sector while leaving aggregate income unchanged
so E [W ⇤

i
] = E [Wi], and redistribution takes the form of a percentage increase in e�ective dispos-

able household income of size d = log

✓
E[epi+✏i ]

E
h
e
(1�)(pi+✏i)

i

◆
.�� A positive value of  implies that income

shocks pass through only partially to e�ective income, which serves as a simple way to capture infor-
mal insurance arrangements in rural village communities including, for example, implicit contracts
amongst villagers (Townsend, ����; Ligon, ����) or marriage markets (Rosenzweig and Stark, ����;
Munshi and Rosenzweig, ����).�� The setting maps directly to the popular BPP estimator concerned

��See Gabaix et al. (����) for a detailed discussion of how to stabilize stochastic processes that contain a random walk.
��Note that asset accumulation over the life cycle together with a changing time horizon as households age would induce

an age-dependent passthrough of income shocks to consumption. Surprisingly, Blundell, Pistaferri, and Preston (����) do not
�nd evidence in favor of an age-dependent passthrough.

��This model of informal insurance is very similar to commonly used progressive tax functions, see Benabou (����) and
Heathcote, Storesletten, and Violante (����). The subtle di�erence is that taxes are observed, and then subtracted to obtain
net income, while informal insurance and redistribution is unobserved and thus driving a wedge between consumption and
a�er tax income inequality. In amodel with endogenous human capital investment, one can envision how informal insurance
could induce underinvestment, see recent work of Carli et al. (����) along these lines.

��The presumption that there is some form of informal insurance in rural economies seems uncontroversial, going back
at least to Rosenzweig and Stark (����). See Ligon, Thomas, and Worrall (����) and Morduch (����) for succinct summaries
of the many possible ways in which rural farming communities insure against income shocks: plot diversi�cation, planting
low yield low risk crops, delaying investment in face of uncertainty, informal transfer and credit schemes, and inter-temporal
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with the passthrough from persistent income shocks to consumption.
Household problem. Dynastic households solve a consumption-saving problem

V (a, p, ✏) = max
{c,a}

Et

Z 1

t

e
�(⇢+�)s c

1��

1� �
ds

�
(�)

s.t.

ȧ = ra+W
⇤ (p, ✏)� C

a � 0,

with a � 0 is a zero-borrowing constraint on the risk-free asset.��

Aggregates and Production. I build on Hansen and Prescott (����) with constant-returns-to-scale
neoclassical production that includes landT in�xed supply andnormalized toone, laborH =

R
e
pi+✏idi,

and reproducible capitalK in a Cobb-Douglas fashion

Y = T
�
K

⌫
H

1���⌫ (�)

where� and ⌫ are land and capital share, respectively. Output can either be consumed, or turned one-
for-one into reproducible capital. Together with a depreciation rate �k, the law of motion of capital is
given by

K̇ = I � �kK, (�)

where Y = C + I. The rental rate of land, price of land, rental rate of capital, and wage rate per
e�ciency unit are denoted by RT , pT , R, and w, respectively. Di�erences between urban and rural
economy comprise di�erences in land vs. capital intensity while holding the labor share �xed,�� dif-
ferences in the income process, and di�erences in informal insurance. All other aspects of themodel
are the same, and each sector is considered in autarky.

�.� Equilibrium.

I focus on a stationary equilibrium de�ned as follows.

labor substitution. Temporarymigration is another prominent strategy to cope with income shocks (Kleemans, ����; Lagakos,
Mobarak, andWaugh, ����) although the subsequent income streams should in principal be observed inwhich case themech-
anism would not constitute informal insurance as de�ned here.

��The zero-borrowing constraint seems appropriate for the emerging market context as a �rst past. The assumption does
matter in that higher interest rates help build up bu�erstock savings so a high interest rate environment is desirable when
dealing with idiosyncratic income risk. The predictions would be more ambiguous with a natural borrowing limit as lower
interest rates would expand the natural borrowing limit assuming it is proportional to w

r .��This is consistent with the evidence in Gollin (����) documenting that the aggregate labor share is unrelated to income
per capita.
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De�nition �. A stationary equilibrium consists of aggregate output, capital, factor prices, consump-
tion, and savings policy functions such that

• households solve (�) subject to constraints and transversality condition;

• �nal goods �rms maximize pro�ts, taking factor prices as given;

• goods, factor, and asset markets clear with
R
aidi = K + pT within each sector;

• a stationary distribution g (x) obtains, de�ned over idiosyncratic income and wealth states x =

(a, p, ✏) , consistent with aggregation constraints.

Innext discuss the equilibriumproperties of themodel, andhighlight novel feature of the framework.
Wages and Asset Prices. Competitive production implies the following wage rates

w = (1� �� ⌫)

✓
⌫

r + �k

◆ ⌫
1�⌫ ⇣

Lh̃

⌘� �
1�⌫ (��)

where h̃ =
R
h (x) g (x) dx is the average amount of e�ciency units of labor per household.

Turning attention to the demand for assets, note that households only hold one risk free bond, and
a �nancial intermediary in the background ensures that an arbitrage condition between the returns
to physical capital and land holds

RT

pT
+

ṗT

pT
= R� �k, (��)

where ṗT = d

dt
pT represents gains from land price appreciation. In the steady state the price of

land will be constant. In that case equation (��), together with pro�t maximization and land supply
normalized to one, pins down the equilibrium price of land

pT =
�Y

r
, (��)

which implies a constant ratio of the value of land to the physical capital stock

pT

K
=

�

⌫

r + �k

r
. (��)

Equation (��) is useful in deriving equilibrium demand for physical capital, which is a scaled-down
version of total household demand for risk-free assets,K = 1

1+�
⌫

r+�k
r

R
a (x) g (x)Ldx. Before I solve

the model computationally using Achdou et al. (����)’s �nite di�erence scheme, I make several the-
oretical observations.
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�.� Analytical Results

A novel feature of the model is the special role of land as safe asset in the presence of idiosyncratic
income risk. I emphasize that this e�ect is entirely driven by general equilibrium forces, i.e., has
nothing to do with any particularity about land as factor of production other than that it being in
�xed supply. I will show formally that, in the steady state, the role of land as a superior safe asset is
ultimately based on the fact that land does not depreciate.

I start out stating a neutrality results when markets are complete to set the stage for the role of
land when markets are incomplete.

Proposition �. In the case of �xed household types, i.e., �2
p
= �

2
✏
= 0, the interest rate equals the discount

rate adjusted for death shocks, r = ⇢+ �, and is independent of the share of land.

The signi�cance of proposition � is that in the absence of income risk the land share is irrelevant
for the determination of interest rates in steady state.�� The model inherits this feature from the
standard neoclassical model, which is nested. Themain point, of course, is that this is no longer true
once households face idiosyncratic risk. To make this point formally, I �rst introduce the notion of
normalized asset demand b := B

wL
and assume for convenience that average e�ciency units of labor

per household, h̃, is �xed at unity, so increases in risk represent mean-preserving spreads.��

Lemma �. Denote aggregate asset demandB as a function of exogenous parameters⇥ as well as interest rate,
wage, and total measure of households, B (⇥, r, w, L) :=

R
a (x) dG (x)L, and note that B is homogenous

of degree one in both w and L, so B (⇥, r, w, L) = B (⇥, r, 1, 1)wL := b (⇥, r)wL.

Lemma � is useful in two ways. First, note that because household asset demand scales linearly in
the wage rate I can ignore e�ects of the mean level of income,�� which is fully captured in the scalar
w, and focus on normalized household saving choices captured in the normalized aggregate asset
supply function b (⇥, r). While it is di�cult to characterize the normalized asset supply function,��

in most applications aggregate asset supply is upward-sloping in the interest rate, which I assume to
be the case. Second, I can use the linearity of the asset supply function to simplify the asset market
clearing condition since the�rms’ demand for capital and land, conditional on rental rates, is a linear
function of the wage bill wL due to convenient Cobb-Douglas production, i.e., K

wL
= 1

r+�k

⌫

1���⌫
and

��The proposition can be extended to one for insurance markets for idiosyncratic risk as long as there are no life cycle wage
dynamics, see the appendix for details.

��Lemma � exploits the well-known homogeneity property of the households’ consumption-saving problem, which holds
true as long as preferences are homothetic, labor income shocks are multiplicative, the borrowing constraint is proportional
to the wage rate, and there is no capital income risk, all of which hold in my setup.

��That is to say, I do not consider the negative e�ect of high land shares on the link between precautionary savings and
wages. In the welfare analysis in Davila et al. (����), low income households earn most of their income in labor income, and
thus would like precautionary savings for the economy as a whole to be higher as higher savings raise the real wage. If there
is a �xed factor of production, this link is much weaker since capital accumulation runs into diminishing returns faster.

��See Achdou et al. (����) for a proof that the asset supply function is upward-sloping in the interest rate when the coe�cient
of relative risk-aversion is weakly below one.
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pT

wL
= 1

r

�

1���⌫
. Using this together with the market clearing condition, K + pT = B, and lemma �,

leads to a normalized market clearing condition

1

r

✓
✓

1� ✓
� ⌫

1� ✓

�k

r + �k

◆
= b (⇥, r) , (��)

where I used ✓ = �+ ⌫ andR = r+ �k. I next compute the derivative of the interest rate with respect
to an increase in household income risk, which is implicitly de�ned by (��), and establishes a link
between the sensitivity of the interest rate to income risk. While it is well-known that the presence
of idiosyncratic labor income risk pushes the equilibrium interest rate below the discount rate, see
Huggett (����), the next proposition states a new result showing that the extent to which income risk
lowers the interest rate is sensitive to the land share and capital depreciation.

Proposition �. Holding the labor share 1�✓ := 1���⌫ �xed, and totally di�erentiating (��) with respect
to r and �2, implicitly de�ned the general equilibrium e�ect of an increase in income risk on the interest rate,
dr

d�2
p
, which reads

dr

d�2
p

= �
@b

@�2
p

1
r
b+ @b

@r
� 1

r

⌫

1�✓

�k
r+�k

1
r+�k

.

Given @b

@�2
p
> 0 and @b

@r
> 0, the responsiveness of interest rates to household income risk is increasing in

reproducible capital share ⌫ and depreciation rate �k.

In the well-behaved case where aggregate normalized asset demand is upward-sloping in the in-
terest rate, @b

@r
> 0, it turns out that reliance on land inproduction, or any other�xed factor, attenuates

the negative link from income risk to the equilibrium interest rate whenever reproducible capital de-
preciates.�� Why do we care that interest rates respond di�erently to income risk depending on the
share of land? The reason is that the ability of households to self-insure improves in the interest rate,
i.e., a higher interest rate environment allows for more consumption smoothing.��

Note that proposition � does not use the fact that land is in �xed supply, and the result would re-
main the same for a model with two types of capital where only one type depreciates. Consequently,
the key feature that turns land into a superior safe asset, and physical capital into an inferior one,
are their di�erent depreciation rates.�� The intuition for this results is as follows. Suppose house-
holds want to save an extra dollar. In general equilibrium, the �nancial sector accommodates this

��The reader should not that a non-reproducible factor in a stationary equilibrium does not depreciate by construction,
otherwise the production factor would disappear in the long-run. My notion of land is thus one of “raw” land. Investment in
land quality, which surely depreciates, is captured by a positive reproducible capital share in rural.

��This is the key bene�t of government debt in Aiyagari and McGrattan (����), which is traded o� against a crowding out of
capital. Perhaps most surprisingly, this is even true in an environment where aggregate consumption is �xed, as in Aguiar,
Amador, andArellano (����), where higher interest rates inducewealthy households to defer consumption to the future, which
allows constrained households to consume more today and magically improves welfare for everyone.

��Interestingly, the implications of a model where capital does not depreciate vs. a model with an asset in �xed supply are
quite di�erent o� the steady state. Intuitively, to in the capital-intensive economy households need to lower consumption to

��



by investing in real assets. To maintain this higher asset ratio, however, a fraction of asset income
needs to be reinvested to compensate for depreciation. If income risk is high, and the demand for
bu�erstock savings large, the income needed to undo depreciation can become so large that the net
asset income generated by the safe asset becomes negative, i.e., the capital stock is below the golden
rule level, and self-insurance becomes extremely expensive. Vice versa, if land was the only factor of
production, which trivially implies that depreciation is zero, it is easy to see that the interest rate can
never be negative.��

While I will consider extensions to the baseline model later on, it is worth pointing out that the
qualitative result is likely robust to details of the household problem like portfolio adjustment fric-
tions.�� This conjecture is based on the convenient separation between production side, the le� hand
side of (��), and household side, the right hand side of (��). Since the proposition centers on the
link between the structure of production and the equilibrium interest rate, and only imposesmild as-
sumptions on the aggregate normalized asset supply schedule, namely that it is upward-sloping in the
interest rate, @b

@r
> 0, and increases in income risk, @b

@�2
p
> 0, it is robust to extensions on the house-

hold side that generate a more complicated aggregate asset supply function. For instance, while a
richer model with portfolio adjustment costs will change the precise shape of the normalized aggre-
gate asset supply schedule b (⇥, r), it won’t overturn the result as long as @b

@r
> 0 and @b

@�2
p
> 0 remain

true, which any well behaved asset supply function ought to obey.
Safe to risky income shares. The general result that self-insurance improves as interest rates rises,
while well-known, is somewhat opaque. A simple complementary intuition can be gained by the fol-
lowing observation. Note that the share of safe income to risky income in the economy equals

rB

wL
=

✓

1� ✓
� ⌫

1� ✓

�k

r + �k
, (��)

which is implicitly used in proposition �. It is easy to see that (��) is falling in the capital share ⌫,
and increasing in the interest rate r. In the absence of uninsurable income risk, this ratio is incon-
sequential. Yet, once households wish to self-insure against idiosyncratic shocks, the asset income
to labor income ratio begins to matter. Intuitively, the higher this ratio, the smaller is the share of
volatile income in the economy. Consequently, for the same amount of income risk and otherwise
identical calibration, the capital-intensive urban economywill feature a lower ratio of safe income to
risky income, which will make it harder for households to maintain a smooth consumption pro�le.

The idea that aggregate safe to risky income matters for households’ ability to smooth consump-

reach the higher asset level in contrast to the land-intensive economywhere land price adjustments automatically createmore
safe assets without the same kind of consumption adjustment. I will return to this issue when simulating transition dynamics
in section �.

��An implication of this is that in land-intensive economies there is less scope for welfare-improving �scal policy, see for
instance Aguiar, Amador, and Arellano (����), simply because the real rate is unlikely to be below zero.

��In fact, I abstract away fromnon-convex asset adjustment costs, see Kaboski and Townsend (����) and Kaplan andViolante
(����).
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tion, while intuitive, is incomplete for individual and not aggregate safe to risky income ratios deter-
mine consumption dynamics, which in turn depend on the entire endogenous wealth distribution. I
next use both an approximate solution and a fully simulated model to show that, indeed, household
consumption dynamics are sensitive to the share of land in the economy, and that self-insurance is
more e�ective in land-intensive economies.

�.� Consumption Volatility and Consumption Inequality

Foreshadowing the quantitative analysis, I �rst focus on the passthrough from labor income shocks
to consumption building on BPP. The passthrough coe�cient frompermanent income shocks to con-
sumption is de�ned as

Ei


�ci

�pi

�
= �p, (��)

where�c and�p is the change in log consumptionor logpermanent incomemeasuredover adiscrete
time interval.

This passthrough of permanent shocks on consumption depends crucially on the interest rate,
which is not a new result,�� but has received relatively little attention. To see why the interest rate
matters, let’s focus on the case of a�nanciallywealthy households so the consumptionpolicy function
is well approximated by a linear solution of the form��

Ct =
⇢̃+ r (� � 1)

�
(at +Wt) , (��)

withWt = Et

⇥R1
t

e
�rs

whsds
⇤
representing the expected present discounted value of human wealth.

If hs follows a random walk in levels, the expression would simplify to Ct = ⇢̃+r(��1)
�

�
at +

wht
r

�
.

The passthrough from permanent income shocks to consumption growth in (��) can be expressed in
discrete increments �C

C
using (��)

�Ct

Ct

=
r

rat + wht| {z }
trans. passthrough

�at +
wht

rat + wht| {z }
perm. passthrough

�wht

wht

, (��)

where the change in the asset position proxies for a transitory shock,�� and �wht is a permanent
��In Blundell, Low, and Preston (����) the passthrough coe�cient is analyzed, and its dependence on the share of �nancial

assets to human wealth is discussed. Similarly, BPP and Kaplan and Violante (����) discuss how the ratio of �nancial to hu-
man wealth matters for the passthrough. The related but slightly di�erent concept I use focuses on the income generated by
�nancial assets vis-a-vis labor.

��See Benhabib, Bisin, and Zhu (����) for a proof.
��In the continuous time setup this transitory shock is somewhat ill-de�ned, and the reader can think of it as the case where

the passing shock has a high arrival rate �✏. The discrete time version is more natural here, see Kaplan and Violante (����) for
a discussion. The numerical implications in either case are similar.
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shock given the randomwalk inhousehold labor income. Equation (��) showswhatwould correspond
to the BPP passthrough coe�cients for transitory and permanent shocks using �Ct

Ct
⇡ �c and �wht

wht
⇡

�p.��

Clearly, this passthrough depends on the interest rate. Note that the passthrough coe�cient for
transitory shocks is increasing in the interest rate, while the reverse is true for permanent shocks as
the coe�cient is falling in the interest rate. Intuitively, as the interest rate increases future human
capital wealth is more heavily discounted, which means that the present discounted value of human
wealth constitutes a smaller share of total household wealth. Consequently, shocks to human wealth
have a smaller e�ect on household consumption in a high interest rate environment holding the as-
set distribution �xed. In contrast, a transitory shock, which through the budget constraint raises the
household’s asset level, has a larger e�ect simply because the propensity to consume out of house-
hold wealth is tied to the annuity value of �nancial wealth, which is increasing in the interest rate. It
is now easy to see why rural households in a high interest rate environment will appear more insu-
lated against persistent shocks and thus produce lower passthrough coe�cients,�� even if they were
exposed to identical stochastic processes and there are no di�erences in informal insurance across
rural and urban.

Second, the �ip side of high insurance from persistent labor income shocks is low incomemobil-
ity. High interest rates ensure that �nancial income takes a larger share of total household income.
Since �nancial income o�ers a safe return, while human capital is volatile, the rise and fall of dy-
nasties driven by persistent income shocks will be slower in the high interest rate environment as
initial endowment of �nancial wealth are a more important determinant of household resources.
This translates into relatively high consumption inequality for young cohorts, while the fanning out
of consumption inequality as cohorts age is suppressed. Social mobility is lower in rural.

The previous statement is not sharp as there are no analytical results to characterize consumption
inequality. I thus solve a version of the baseline model to show howmuch bite a changing land share
can have through its impact on equilibrium interest rate and safe to risky income ratios. I provide
details on the quanti�cation in the next section, here I simply want to point out that for a reasonable
calibration, a varying land share can have striking consequences for consumption volatility, inequal-
ity, and passthrough of income shock. Importantly, informal insurance is set to zero ( = 0), and the
the volatility of the income process is held �xed. I vary the land share from �.� to �.��, with a constant
labor share of �.�.

Figure � plots the results, and before inspecting the implied household consumption dynamics,
take account of the upper le� panel depicting the aggregate share of safe to risky income in the econ-
omy, which is falling in the share of physical capital. Note that this share is bounded by ✓

1�✓
when

��In the presence of borrowing constraints, advance information, or a misspeci�ed income process, the BPP estimates do
not generally coincide with this structural parameter, see Kaplan and Violante (����).

��That is, lower passthrough coe�cients for persistent shocks, but higher passthrough coe�cients for transitory shocks.
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Figure �. Land Share, Interest Rates, and Consumption Volatility in Steady State

Figure �. Safe to risky income Figure �. Interest rate

Figure �. Cons. Inequality Figure �. Passthrough perm. shock

The calibration is based on �
2
p = .017,�✏ = 2,�2

✏ = .15, �k = .05, 1 � � � ⌫ = .6 and there is no informal insurance,  = 0.

land is the only asset in the economy, and can in principal turn negative when capital is below the
gold rule level de�ned by @F

@K
= �k. The falling share of safe to risky income �nds its mirror image in

the equilibrium interest rate depicted in the upper right panel. The interest rate is clearly sensitive
to the land share and ranges from �.�% to �.�%, which is the quantitative equivalent of proposition
�. The interest rate is bounded by the neoclassical interest rate of ⇢ + � = .05, and the gap between
neoclassical and incompletemarket equilibrium interest rate equals�

R
�
2

0
@r

@�2 d�
2, which is falling in

the land share.�� Moreover, the di�erence between the interest rate for the no-land economy (� = 0)
vs. the most land-intensive economy is increasing in the degree of income risk, i.e., @

2
r

@�@�2 > 0. This
is intuitive since for low levels of income risk the behavior of the model is close to the neoclassical
benchmarkwith completemarkets. For high levels of income risk, land intensitymakes a substantial
di�erence to the equilibrium interest rate.��

It is intuitive that a larger share of safe income, driven by di�erences in equilibrium interest rates,
allows formore e�ective self-insurance. I next compute the implied consumption dynamics. The bot-
tom le� panel plots the evolution of the log variance of consumption for a newborn cohort. Inequality

��Changing the land share does impact the real wage. Note that this changing real wage does not show up in any of the
distributional statistics as it is di�erenced out in passthrough and log variance estimates. When setting �k = 0 every plot in
�gure � turns into a horizontal line consistent with the role of depreciation in proposition �.

��In the limit for where risk is so large that households want to hold nearly unlimited amounts of savings, the only-land
economy will feature an interest rate of zero while the only-capital economy will feature an interest rate of��k.
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of newborn cohorts is higher in the case with high land share. This re�ects that inequality early in
life is partly driven by asset endowments, which are more important when the interest rate is high.
Conversely, the rise in consumption inequality over the life cycle is suppressed for high returns to
safe �nancial wealth reduce social mobility. For a capital intensive economy with low interest rates,
human capital is a much more important determinant of lifetime income, and since human capital
is �ckle and features persistent shocks, income and consumption fan out more strongly over the life
cycle generating a steeper slope of the log variance of consumption as a function of time.��

Thebottomright panel plots the structural passthroughcoe�cient frompermanent incomeshocks
to consumption, log on log.�� The higher the land share, the lower is the passthrough and the higher
is the degree of consumption insurancewith respect to persistent shocks. This e�ect is entirely driven
by the changing equilibrium interest rate. In contrast, the bottom right panel plots the passthrough of
transitory shocks to consumption. This passthrough coe�cient is rising with the interest rate, which
is consistentwith the standardpermanent incomehypothesis. Note that because there is somepersis-
tence in the transitory shock, the passthrough is higher than the interest rate.�� Inspecting the scales
of the y-axis of the le� and the right plot, the reader can verify that the land share has a quantita-
tively large e�ect on this structural passthrough coe�cient where structural means that the moment
is simulated from the model where I observe transitory and permanent type and can run a simple
regression that uncovers (��).
BPP Estimator. I also apply the method of BPP to estimate �BPP

c_p , which is reported in the lower le�
panel using a dashed line. The popular moment restriction of BPP that identi�es the passthrough
from permanent shocks to consumption reads��

�
BPP
c_p =

cov (�ct,�y�1 +�yt +�y+1)

cov (�yt,�y�1 +�yt +�y+1)
, (��)

where subscripts -� and +� refer to lagged and leading growth rates relative to the growth rate in t.��

Kaplan and Violante (����) highlight how gentle mean reversion in the form of an AR� with coe�-
��Whether a newborn has a high or a low asset position is orthogonal to their initial human capital. I simply transfer the

wealth from a dying dynasty to a newborn dynasty. If this capital was destroyed, instead of reshu�ed, I would not be able to
nests the neoclassical model the way I do in proposition �.

��By structural I mean a regression of the change in log consumption on the change in log permanent income, which I
observewhen I simulate the income process. The passthrough coe�cient based on themoment conditions in BPP, which aims
to uncover the same structural relationship, will be downward biased due to the passing shocks, i.e., the fact that transitory
shocks display somepersistence. Iwill return to this issuewhen I estimate the degree of informal insurance in the next section.

��I provide additional details on this, and relate these structural coe�cients to BPP, and show how both time aggregation
and imperfectly transitory shocks lead to important departures from their benchmark, and bias their estimator. I build on and
extend results from Crawley (����).

��In practice, BPP use all income and consumption moments to e�ciently estimate this passthrough using a GMM routine.
Regarding informal insurance, note that when interest rates are low, and transitory shocks are fully transitory, it is easy to see
that the popular passthrough coe�cient from BPP equals �BPPc_p = 1�  for households that are su�ciently far away from the
borrowing constraint. All results in this exercise are based on a scenario without any informal insurance, i.e.,  = 0.

��The expression works for annual and biennial data when the transitory shock is fully transitory. In many applications
the transitory shock is modeled as an MA(�) process in discrete time, in which case (��) remains appropriate for the case of
biennial data but not for annual data.
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cient of autocorrelation close to one can generate a lower passthrough, and has been proposed as
a candidate explanation for the “excess smoothness” found in BPP with passthrough coe�cients for
persistent shocks as low as .�.�� Even so, Kaplan and Violante (����) show that the BPP estimator still
uncovers the correct passthrough coe�cient. This is not true here. The reason is that the income
process is misspeci�ed in a way that confounds imperfectly transitory and fully persistent income
shocks, see Crawley, Holm, and Tretvoll (����).

I plot in grey what the BPP estimator would produce by running (��) on the simulated data for
the case of annual data, which shows a large downward bias leading researchers to conclude that
insurance is higher than it actually is. I derive the bias in closed form in the appendix, which reads

�
BPP

c_p = �p �
(2�p � �✏)E [✏̃t✏̃t�1]

�
1� e

��✏
�

�2
p
+ 2 · E [✏̃t✏̃t+1] (1� e��✏)

where ✏̃t =
R
t

t�1 ✏sds is the transitory shock aggregate up fromcontinuous time to annual observation.
It is easy to see that if transitory shocks are fully transitory, there is no bias E [✏̃t✏̃t�1]. Once this is no
longer true, a potentially large bias arises. Intuitively, imperfectly transitory passing shocks –which
I will �nd to be important in emerging markets, and Crawley, Holm, and Tretvoll (����) argue play
an important role for advanced economies as well– lead the estimator to overstate income volatility
cov (�yt,�y�1 +�yt +�y+1) > �

2
p
, which in turn leads to a low ratio of consumption growth tomis-

measured income growth inducing a low passthrough estimate. The extent of this bias depends on
the gap between �p and �✏. If there is a strong consumption response to the imperfectly transitory
shock, the bias is relatively weaker as both income growth and consumption growth attributed to the
persistent component through the lens of the misspeci�ed moment condition are larger. However,
in the more relevant case with �p � .5 and �✏ < .2, a large downward bias emerges.�� I next quan-
tify a version of the model to explore how important di�erences in land intensity, income risk, and
informal insurance are in shaping consumption dynamics in South Africa.

� Quanti�cation

�.� Parameterization of theModel

I now describe the parameterization of themodel combining amix of indirect inference and calibra-
tion describing each model block in turn.
Production and Preferences. Production and preference parameters are calibrated based on pre-
vious work. Urban production follows the standard neoclassical model with a reproducible capital

��The estimator carries over the the case of biennial data by simply using di�erences over two years.
��Consistent with the role of imperfectly transitory shock, the bias gets worse if income and consumption growth is mea-

sured at higher frequency as the correlation of income driven by imperfectly transitory shocks dies out as the gap between
observations increases.

��



share of ��% and a labor share of ��%. I follow Hansen and Prescott (����) and set the land share in
rural to ��%, while labor and capital share are ��% and ��%, respectively. Measured labor vs. non-
labor shares (including returns to capital and land) across the development spectrum are roughly
stable a�er correcting for measurement problems due to self-employment, see Gollin (����).�� I use
a depreciation rate of �%. The discount factor is �.�%, and the coe�cient of relative risk aversion is
set to �, consistent with recent evidence in Choukhmane and Silva (����).
Income Process. I pick the parameters governing the income process consistent with the results in
Trouvain (����b) where I estimate the stochastic process in (�) separately for rural and urban house-
holds in South Africa. The theoretical moments implied by the income process I have postulated
are

E [ŷtŷt+k] = �
2
int⇤ + �

2
p
· t+ e

��✏k�
2
✏
+ 1{k=0}�

2
x,t

(��)

where 1 is an indicator function accounting for classical measurement error that appears only on
diagonal entries of the covariancematrix andvaries by year. Themoments are fully determinedby the
set of parameters ✓ = {�2

int⇤ ,�
2
p
,�✏,�

2
✏
, {�2

x,t
}}. I report the autcovariance of residualized household

income in table �, which is the data counterpart. The key thing to notice is that the the autocovarianes
are increasing for later waves, i.e., as one moves from the upper le� to the lower right corner, which
is indicative of persistent shocks. Moreover, moving vertically from top le� to bottom le� shows
a declining auto-covariance for rural households in contrast to urban ones, suggesting important
imperfectly transitory income shocks that die out eventually but generate a relatively high covariance
for several years.

Table �. Income Covariance Matrix – South Africa

(a) Rural

yt yt+2 yt+4 yt+6 yt+8

yt �.��
yt+2 �.�� �.��
yt+4 �.�� �.�� �.��
yt+6 �.�� �.�� �.�� �.��
yt+8 �.�� �.�� �.�� �.�� �.��

(b) Urban

yt yt+2 yt+4 yt+6 yt+8

yt �.��
yt+2 �.�� �.��
yt+4 �.�� �.�� �.��
yt+6 �.�� �.�� �.�� �.��
yt+8 �.�� �.�� �.�� �.�� �.��

Log household income is total earned labor income broadly de�ned plus net government transfers, i.e., welfare payments minus taxes. This
measure includes income from own consumption in subsistence agriculture as well as pro�ts but excludes investment, rental income, and
remittances. Income is residualized using a �rst-stage regression controlling for age, education, sex, race, and household size as well as time
e�ects, separately for urban and rural households. Cross-sectional weights are applied, and additional details are provided in Trouvain (����b).

��The land share is broadly consistent with estimates for the UK at the eve of the industrial revolution from Allen (����) or
Clark (����), albeit the land share is a little bit higher in my rural economy. Note that the agricultural employment share in
the UK around ���� was already substantially below ��%. See for instance the long-run agricultural employment series of the
Our World In Data webpage. Take into account that the aggregate land share already is a weighted average between rural and
urban, so the rural land share ought to be even higher.

��

https://ourworldindata.org/agri-employment-sources


The resulting estimates, rounded, are summarized in table �.

Table �. Income Risk in South Africa

Rural Urban
�
2
p

�.��� �.��
�✏ .� �.�
�
2
✏

�.� �.�
�
2
int �.�� �.��

�
2
y,error �.�� �.��

�
2
c,erro �.�� �.��

The arrival rate of the death shock equals � = .015, which ensure a stationary distribution obtains
given the random walk in income. The implied tail inequality of permanent income, with comple-
mentary CDF 1� p

�⇣ for large p, equals

⇣ =

s
2�

�2
p

, (��)

which will be consistent with reasonable degrees of tail inequality between �.� and �.� depending on
the size of �2

p
.�� Newborn cohorts’ average permanent type at entry, c0 < 0, is pinned down by the

overall shape of the cross-sectional income distribution, with a larger negative shock shi�ing more
mass to the le�. There is more mass on both the le� and the right tail in urban due to larger shocks
to human capital.
Informal Insurance. Lastly, I pin down the degree of informal insurance  in the rural sector while
assuming  = 0 in urban. To estimate this parameter I utilize consumption expenditure, from the
household survey. Conceptually I follow the logic in Deaton and Paxson (����) and use the fanning
out of inequality in both income and consumption to infer insurance. My approach is slightly di�er-
ent in that I use household-level panel data and a structural model to infer a speci�c parameter, .
Identi�cation comes from the fact that for larger , consumption inequality is overall lower, and rises
more slowly over the life cycle, in contrast to the rise in labor income inequality unrelated to .��

Table � reports the autocovariance matrices for log real household consumption in South Africa,
respectively, which can be interpreted analogous to the ones reported for income. Three �ndings
stand out. First, consumption inequality appears larger in urban than in rural, which is consistent
with the role of permanent shocks driving urban inequality. Second, the gap between consumption

��Note that income and wealth tail inequality are tied together in the standard incomplete markets model, which appears
not to be the case in the data, see Gaillard et al. (����) for recent evidence. I largely abstract away from this issue but note that
one could think of high entrepreneurial returns, which are needed to generate a fat right tail for wealth inequality, as human
capital rents (Smith et al., ����). Measurement is challenging but, at least theoretically, this would tie together income and
wealth inequality.

��Using the long-run consumption pro�le is also more robust to advance information, i.e., the case where households have
information about future income shocks unknown to the econometrician as modeled in Kaufmann and Pistaferri (����) since
advance information is likely to be more important over short horizons.
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Table �. Consumption Covariance Matrix – South Africa

(a) Rural

yt yt+2 yt+4 yt+6 yt+8

yt �.��
yt+2 �.�� �.��
yt+4 �.�� �.�� �.��
yt+6 �.�� �.�� �.�� �.��
yt+8 �.�� �.�� �.�� �.�� �.��

(b) Urban

yt yt+2 yt+4 yt+6 yt+8

yt �.��
yt+2 �.�� �.��
yt+4 �.�� �.�� �.��
yt+6 �.�� �.�� �.�� �.��
yt+8 �.�� �.�� �.�� �.�� �.��

Log household consumption includes food and non-food items measured within a month (�� days). Included are food, non food, rental expen-
diture (imputed for owners). There is unfortunately no distinction between more or less durable consumption. Consumption is residualized
using a �rst-stage regression controlling for age, education, sex, race, and household size as well as time e�ects, separately for urban and rural
households. Cross-sectional weights are applied, and additional details are provided in Trouvain (����b).

inequality and income inequality is large in the rural sector, consistent with the prior that informal
insurance plays an important role in rural communities. Third, the correlation of consumption in the
vertical dimension falls in rural – some of which is accounted for by the role of imperfectly transitory
shocks, but not all of it.��

Table � summarizes identi�cation and calibration of parameters. It is worth pointing out that I

Table �. Summary Parameters

Parameter Value Target/Source
Preferences
⇢ Discount factor 0.025 Standard value
� Death shock 0.025 Tail inequality
� Risk aversion 2.0 Standard value

Technology Rural
⌫ Capital share 0.1 Hansen/Prescott (����)
� Land share 0.3 Hansen/Prescott (����)
�k Capital depreciation 0.05 Standard value
 Informal insurance 0.3 SMM

Technology Urban
⌫ Capital share 0.4 Standard value
� Land share 0 Standard value
�k Capital depreciation 0.05 Standard value
 Informal insurance 0 Standard value

Income Processes Rural
�
2
p

Variance perm. shock 0.005 GMM
�✏ Arrival trans. shock 0.6 GMM
�
2
✏

Variance trans. shock 0.3 GMM
�
2
y,error

Measurement error income 0.1 GMM
�
2
c,error

Measurement error consumption 0.25 GMM
Income Processes Urban
�
2
p

Variance perm. shock 0.01 GMM
�✏ Arrival trans. shock 3.0 GMM
�
2
✏

Variance trans. shock 0.2 GMM
�
2
y,error

Measurement error income 0.1 GMM
�
2
c,error

Measurement error consumption 0.15 GMM

have chosen a conservative calibration in terms of preferences, income process, and technology. Re-
��Themodel cannotmatch steeply falling autocovariances in consumption, which is inconsistentwith consumption smooth-

ing.
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garding preferences, I could have relied on Epstein and Zin (����) preferences to separate out inter-
temporal elasticity of substitution, and risk-aversion. This would allow me to entertain a higher de-
gree of risk aversion, and thus raise precautionary savings motives, see for example the calibration
in Aguiar, Amador, and Arellano (����). The more risk there is, the more important is the role of
land in sustaining high interest rates.�� Similarly, regarding the income process, much of the em-
pirical literature estimates a larger volatility of persistent income shocks in developing economies,��

which again would elevate the role of land in keeping interest rates high in the presence of idiosyn-
cratic risk. Regarding technology, note that I use the land share calibration fromHansen and Prescott
(����), which is likely a lower bound.�� Lastly, and again compared to Aguiar, Amador, and Arellano
(����), I have chosen a relatively low depreciation rate of 5%. Increasing the rate of depreciation am-
pli�es the results since the depreciation rate is what induces a low safe to risky income share.
Simulation. To simulatemodel-basedmoments I proceed as follows. I simulate N=����� households
from their time of birth, here normalized to zero corresponding to �� years in the data, and simu-
late their income process using the stochastic process described earlier but absent death shocks.��

Households’ initial asset income is drawn from the stationary distribution, consistent with the Pois-
son death shock. I then obtain consumption and the evolution of householdwealth using the solution
to the household problem together with the simulated income process. I assume that a time incre-
ment over which income and consumption is measured is �.� , so every calendar year is split into ��
time units, which I aggregate up to obtain annual income and consumption. I then take the log and
and tack on mean-zero normally distributed measurement error. I do this for �ve waves so that the
simulated data mimics the South African household level data.

When computing simulated passthrough coe�cients or autocovariance matrices, I match the av-
erage age of households to the age of households in the data, which is important since the distribution
is fanning out as cohorts get older. The variable age_min represents the average age of households
in the �rst wave normalized by the sample cuto� ��. This number is signi�cant because the value
�
2⇤
int consist of a piece that represents initial dispersion in the human capital type of newborn house-
holds, and persistent shocks that have accumulated before the household appeared in the sample,
i.e., �2

int⇤ = �
2
int + age⇥ �

2
p
. An implication of this is that di�erences in average household age across

rural and urban need to take into account whenmatchingmodel to data since, for example, the same
��To gain intuition for this result, consider an economy that only uses land and labor for production. The interest rate can

never fall below zero no matter how high income risk is. Contrast that with a capital-intensive economy where the interest
rate converges to the��k as risk becomes arbitrarily large.

��See for instance Santaeulalia-Llopis and Zheng (����) and other works cited in in the introduction. The discrepancy is
explained by imperfectly transitory shocks, which I �nd to be important in the rural sector, see Trouvain (����b).

��Weil and Wilde (����) summarize estimates for land’s share in agricultural output in developing economies, which can
exceed ��% in Sub-Saharan Africa. This contrasts with the much lower factor shares of land hovering around ��% in US
agriculture, see Valentinyi and Herrendorf (����), which is unsurprising given the high capital intensity of the agricultural
sector in the US.

��That is to say, in the simulated data death shocks don’tmaterialize even though households use the e�ective discount factor
⇢+ � to make saving-consumption choices.
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amount of volatility will create more inequality amongst an older cohort. I take account of this issue
when estimating the income process in Trouvain (����b). However, average age of rural vs. urban
households in South Africa formy sample is very similar, and equals ��.�+�� vs. ��.�+�� years, respec-
tively. I simplify by using the same age level of ��, which means that I use simulated annual income
from age �� to age �� as my �rst element in the simulated data vector for some household. I then
add income over the interval ��-��, and so forth, to simulate annual income measured on a biennial
basis.��

Lastly, since I compute intergenerational elasticities of consumption across dynasties, I need to
specify at which age consumption of newborn households is measured. I assume that households
have have reached age ��, which is somewhere in the middle of a household’s work life, and measure
their annual income from age ��-��.�� I assume consumption of parents is measured without error
to focus on the implications of di�erences in land intensity for properly measured intergenerational
elasticities.�� Table � summarizes thedetails, and contains informationunderlying the computational
routine to solve the model.��

Table �. Details Simulation

Simulation
N �����
Waves �
dt �.�
age_min ��
age_child ��

The�nite di�erence scheme, using themethod fromAchdou et al. ����, operates on the following grid space. Log income consists

of two linearly spaced grids, p_grid = LinRange(-�.� ,�.� ,�� ), ✏_grid = LinRange(-�.� ,�.� ,� ). The asset grid is initially log-linearly

spaced and turns into a linearly-spaced grid for more wealthy households using ��� grid points with a lower bound of zero and

an upper bound su�ciently large that high-asset households want to dissave. Note that household consumption choices and the

evolution of assets is based on the budget constraint implied byW⇤, while raw income is measured in terms ofW , and the gap

between the two is accounted for by informal insurance for the case of  > 0.

��This sort of time aggregation is in principal not needed because income and consumption in reported on anmonthly basis.
Since the main point of this paper is conceptual, and most household level data still is reported using annual aggregation, I
preferred to aggregate up income and consumption onto the annual level. In Trouvain (����b) I use both Chinese and South
African data to estimate the income process, and I explore the role of time aggregation, which is relevant for the Chinese data
where income is an annual aggregate.

��Unsurprisingly, the elasticity is falling the age of the child. Since we are dealing with stationary stochastic process, the
correlation has to be zero in the limit for old children, whose age is unbounded due to the perpetual youth structure.

��It is clear that classicalmeasurement errorwould push themeasured intergenerational elasticity towards zero. In practice,
intergenerational elasticities are usually computed based on educational attainment or a proxy for lifetime income based on
several years of panel data, which reduce the role of measurement error.

��The �nite di�erence scheme is de�ned on a grid. Note that log income consists of two linearly spaced grids, p_grid = LinRange(-�.� ,�.� ,��
), ✏_grid = LinRange(-�.� ,�.� ,� ). The asset grid is initially log-linearly spaced and turns into a linearly-spaced grid for more wealthy households
using ��� grid points with a lower bound of zero and an upper bound su�ciently large that high-asset households want to dissave. Note that
household consumption choices and the evolution of assets is based on the budget constraint implied byW⇤, while raw income is measured in
terms ofW , and the gap between the two is accounted for by informal insurance for the case of  > 0.
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�.� Results

In this subsection I report the implications of the model for consumption volatility and consump-
tion inequality across sectors. I �rst analyze how the passthrough coe�cients implied by the model
compare to their empirical counterparts. The exercise serves two purposes. One, the empirical
passthrough coe�cients reinforce that rural consumption appears relatively smooth. Two, compar-
ing the results impliedby themodel to their non-targeted empirical counterparts serves as anexternal
validation test. The model does a good job, and I will decompose the distinct role of land intensity,
income risk, and informal insurance tomatch the low passthrough coe�cients. Second, I explore the
implications of the model for consumption volatility and consumption inequality within and across
cohorts.
BPP and Townsend-lite. I report empirical estimates using BPP’s approach, and simpli�ed version
of Townsend (����), based on the same household-level data used to estimate income processes. The
original Townsend (����) approach runs a passthrough regression of log consumption on log income
while controlling for average village outcomes. The idea is that complete risk sharing within villages
implies that, once average village income is controlled for, individual income plays no role in deter-
mining individual consumption. In many contexts,�� like mine, village income is not available and a
related passthrough regression of the form

ci,t = ↵i + �c_yyi,t + �
0
X|{z}

controls

+ui,t (��)

is employed to assess how income shocks transmit to consumption. Note that in the presence of
measurement error, it is easy to see that (��) will suggest lowpassthroughs even if there is no informal
insurance whatsoever. This insight carries over to the original speci�cation in Townsend (����). This
point is a simple one, but given the large measurement error and mean reversion I estimate in the
data, the point matters quantitatively.

The empirical estimates for both passthrough coe�cients are reported in table �. The estimated
passthrough from permanent income shocks to consumption, using the BPP method, is overall low,
and lower for rural households than for urban ones consistent with both informal insurance and GE
forces. The simple passthrough regression of log consumption on income, with andwithout controls,
paints a similar picture: the passthrough is overall low, and lower in rural compared to urban in line
with the previous literature.��

��See for instance De Magalhaes, Martorell, and Santaeulalia-Llopis (����).
��See for instance Santaeulalia-Llopis and Zheng (����) or Attanasio et al. (����) for estimates using the BPP approach in the

Chinese context, and De Magalhaes and Santaeulalia-Llopis (����) for simple passthrough regressions for African countries.
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Table �. Passthrough in South Africa

(a) �BPPc_p

Rural Urban
�̂ �.��� �.���⇤⇤

(�.���) (�.���)
N ��� ���

(b) �c_y

Log consumption Log consumption
Log income �.���⇤⇤⇤ �.���⇤⇤⇤

(�.����) (�.����)

Log income⇥1_urban �.���⇤⇤⇤ �.����⇤⇤
(�.����) (�.����)

controls Yes No

time-sector fe Yes Yes
N ����� �����
R

2 �.��� �.���

I next simulate income and consumption dynamics for ��,��� households in each sector using the
model. I then run the same regression as I run in the data. The results are reported in table �.

Table �. Model-Implied Passthroughs

Rural Urban
�c_p �.��� �.��
�
BPP

c_p �.��� �.��
�c_y �.��� �.���

Comparing �c_p in the �rst row across rural and urban reveals how important informal insurance
and the factor land jointly are in generating di�erences in the passthrough of permanent income
shocks: the urban sector features a passthrough of around .�, which is roughly ��% higher that the
rural one. The second row computes the passthrough using the method of BPP. The presence of
imperfectly transitory long-lived shocks in rural induces a severe downward bias in the estimator. In
fact, the simulatedmodel has no troublematching extremely low estimates common in the literature.
The key issue is that the denominator in the BPP estimator is overstated as some of the transitory
shocks are wrongly attributed to persistent income shocks. Overstating the denominator thenmeans
that the overall expression is biased towards zero. With regard to the simple passthrough estimate of
income on consumption, �c_y, the implied estimate is extremely low due to largemeasurement error
and passing shocks. The simulation cautions against interpreting simple passthrough regressions
with a coe�cient close to zero as evidence in favor of strong insurance.
Consumption Volatility and Consumption Inequality. I next compute model-implied consumption
dynamics, and explore how they would change in counterfactual scenarios. I focus on consumption
volatility V (� log c), the increase in the log variance of consumption within a cohort from birth to
age ��,��

2
c,15, and the intergenerational persistence in consumption de�ned as

�
IGE
c

=
Cov

�
cchild,cparent

�

V
�
cparent

� , (��)
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where log child consumption ismeasuredper year, and �� years a�er birth, while parent consumption
is measured at death.�� Note that in this stylized model of intergenerational persistence previous dy-
nasties (parents) do not care about the dynasty that replaces them (children), and labor income draws
are uncorrelated. Yet, accidental bequests lead to a transmission of wealth that generates intergener-
ational persistence in consumption. This happens both in the rural and urban sector, put the implied
intergenerational persistence of consumption is quite di�erent.

Table �. Consumption Dynamics

Rural Urban
�
2
c,0 �.��� �.���

�
2
c,15 �.��� �.���

V (� log c) �.��� �.���
�
IGE
c

�.��� �.���

Consistent with the data, themodel generates a much steeper consumption inequality age pro�le
in urban implies by the jump of consumption inequality from the �rst two the second row in table
�. This is true even though consumption volatility is not that di�erent as indicated by the third row.
The reason is that imperfectly transitory shocks move rural consumption without impacting overall
cross-sectional inequality in the long run, while persistent shocks to human capital in urban do just
that.

The model produces very di�erent intergenerational elasticities of consumption across sectors.
There is much more persistence in rural, i.e., there is more mobility in urban. The �nding lines
up well with a growing literature that documents intergenerational elasticities, usually focused on
schooling, across the development spectrum, see Weide et al. (����) and Alesina et al. (����).�� I do
not have any direct dependence of a child’s labor income type on parents’ labor income type, and the
persistence is accounted for i) by the important role of wealth in rural, and ii) by the lack of income
mobility in rural, relative to urban. Both the greater importance of �nancial wealth, which is partly
inherited, and the smaller role assigned to human capital, which is the �ckle component of income,
lead to a high intergenerational persistence in consumption in the rural sector. Loosely speaking,
low risk exposure and low social mobility within and across cohorts are two sides of the same coin.

Interestingly, the role ofwealth inproducinghigher intergenerational persistence in consumption
��The simple log-linear regressionusedhere is consistentwith the commonlyused regressionof childrenonparental school-

ing (Hertz et al., ����) given the log-linear relationship between years of schooling and earnings. Alternative measures of in-
tergenerational mobility involve rank-rank correlation coe�cients, see for instance Chetty et al. (����), which are susceptible
to measurement error, see Mogstad et al. (����).

��Since there is usually no consumption measure available for the parent generation there is little direct evidence on the
intergenerational persistence of consumption. However, schooling and income is strongly associated with household con-
sumption suggesting that the estimates of intergenerational mobility in Piraino (����), Sinha (����), Fan, Yi, and Zhang (����),
Syrichas (����) are qualitatively consistent with themodel. Running a regressionwith years of schooling amongst parent-child
pairs for rural vs. urban households in South Africa using the same data as before generates estimates quantitatively consistent
with the baseline model.

��



is distinct from and complementary to the much-studied link between borrowing constraints and
(lack of) human capital investments.�� Since I do notmodel human capital investment, the borrowing
constraint plays no role for intergenerational persistence. The only mechanism at play is that the
annuity value of wealth is higher in a high interest rate environment, which means wealth has a
stronger in�uence on household consumption.

Both a relatively low passthrough from labor income shocks to consumption, and a higher inter-
generational persistence of consumption, are driven by relatively high interest rates in rural envi-
ronments, which is consistent with the empirical evidence, see Guzman et al. (����) for recent work.
Moreover, the high rural interest rates also induce a relatively higher marginal propensity to con-
sume, which is a straightforward implication of consumption smoothing: the same cash transfer in
a high vs. low interest rate environment will boost consumption much more in the former than the
latter.��

Counterfactuals & Decomposition.
I next explore counterfactual scenarios where I change i) the share of land in production is set to
zero, or ii) informal insurance is set to zero, or iii) both to decompose the role of the income process,
informal insurance, and land intensity in generating di�erent consumption dynamics across sectors.
I compute the same statistics as before focusing on the rural sector, and table � reports the results.

The �rst thing to note is that when both informal insurance and land intensity are shut down, the
passthrough coe�cient of persistent shocks to income is virtually identical across rural and urban,
despite di�erences in the income process, which can be seen from the very last entry in the �rst row.
This is reassuring because it means that the income process alone is not su�cient to generate the
consumption dynamics observed in the rural sector.

Table �. Passthrough Decomposition

baseline  = 0 � = 0  = 0,� = 0
�c_p �.��� �.��� �.��� �.���
�
BPP

c_p �.��� �.��� �.��� �.���

In a�rst exercise I shut down informal insurance by setting  = 0. Relative to the baseline value in
column �, the passthrough coe�cient rises substantially. This is unsurprising since I have modeled
informal insurancewith the goal inmind to change precisely this passthrough coe�cient. Note, how-
ever, that even though the loss of informal insurance raises the passthrough, rural households are still
substantially less exposed to persistent shocks than urban ones by roughly �� percentage points. The

��SeeAtkinson (����), Becker andTomes (����), Loury (����), Galor and Zeira (����), andLochner andMonge-Naranjo (����).
��I abstract away from access to banking, which is severely restricted for poor rural communities, see for instance Dupas

and Robinson (����) or Dupas et al. (����). It is unclear, however, whether the lack of a formal large-scale banking sector
deprives rural communities of the ability to save. Particularly relevant in this context is the role of livestock as highlighted in
Rosenzweig and Wolpin (����), land rights, or precious metals. The fact that consumption is relatively smooth suggests that
the lack of professional �nancialization cannot be the only key feature distinguishing rural and urban communities.
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actual BPP estimator responds little simply because the bias due to the misspeci�ed income process
is so dominant.

Next, consider how a reduction in land-intensity and an increase in capital-intensity shapes the
passthrough coe�cient. It turns out that for the current calibration the impact of a change in land
share is seemingly minor as the passthrough coe�cient only increases by one percent. The reason
is that e�ective income risk already is very low because of the low overall volatility combined with
substantial informal insurance. Recall that the role of land is tied to the importance of income risk. If
there is no risk, the land share becomes irrelevant. This interpretation is then borne out int he �nal
column: shutting down both informal insurance and land-intensity generates a substantial increase
in the passthrough, now at part with the urban passthrough, and far beyond the initial increase ob-
tained by shutting down informal insurance alone. The quantitative results thus emphasize the inter-
action between income risk, and land intensity. Moreover, note that relative to much of the previous
literature I have estimated relatively low persistent income risk in the rural sector – the role of land
would thus be elevated if other studies’ estimates were employed.

Table �� reports the results for other consumption moments and intergenerational persistence
based on the same approach as before. Shutting down informal insurance, unsurprisingly, increases
consumption inequality. Intergenerational persistence is lowerbecause labor income shocksbecome
more important, which are unrelated to parental variables. Relative to the previous results, note that
land-intensity seems especially important for intergenerational persistence as can be seen in the sec-
ond rowwhere amore capital intensive income generates substantially less intergenerational persis-
tence. The reason is that a less land-intensive economy, all else equal, features substantially lower
interest rates, and interest rates are key to generate incomeout of inherited assets. In the�nal column
I again shut down both informal insurance and land-intensity. Unlike in the previous exercise, shut-
ting down both forces does not bring the consumption dynamics nor the intergenerational elasticity
to the level of the urban economy. The gap is accounted for by di�erences in the income process.

Table ��. Consumption Inequality Decomposition

baseline  = 0 � = 0  = 0,� = 0
�
2
c,0 �.��� �.��� �.��� �.���

�
2
c,15 �.��� �.��� �.��� �.���

V (� log c) �.��� �.��� �.��� �.���
�
IGE
c

�.��� �.�� �.��� �.���

� Aggregate Shocks

In this�nal section I consider how land-intensive economies responds to transitory aggregate shocks,
and study transition dynamics a�er a secular increase in the volatility of persistent shocks (�2

p
").
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First, consider a negative productivity shock that leads to a drop in TFP of around ��% in the �rst
quarter, while TFP mean-reverts to its long-run level a�er around �.� years as depicted in �gure �.
A�er the initial surprise, I solve for the perfect-foresight path using global solutionmethods, i.e., this
shock is a so-calledMIT shock. The results are plotted in �gure �. Interestingly, a negative TFP shock
has more adverse consequences for the rural sector as aggregate consumption falls by roughly �%
vis-a-vis a drop of .�% in the urban sector. The reason for these asymmetric e�ects, yet again, is to
be found in the special role of land as a �xed factor of production. During the recession, households
would like to smooth consumption. In the urban sector, investment is relatively high and can take
a hit to shield consumption. In the rural sector, this is a less viable strategy since investment rates
are low to begin with. This intuition is con�rmed by the second column of �gure �, which plots the
di�erence between current investment and steady state consumption. The drop is almost twice as
large in urban compared to rural, which explains the relatively weak impact of the TFP shock on ur-
ban consumption. Remarkably, this result obtains even though the recession is endogenously more
long-lived in the urban sector since a higher capital share works as amultiplier that ampli�es the ini-
tial negative shock.�� The result lines up with the overall more devastating e�ect of aggregate shocks

Figure �. Temporary TFP Shock

The calibration is based on �
2
p = .017,�✏ = 2,�2

✏ = .15, �k = .05, 1 � � � ⌫ = .6 and there is no informal insurance,  = 0.

��Recall that the speed of convergence to �rst order is tightly linked to the share of reproducible capital, see for instance
Mankiw, Romer, and Weil (����).
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in rural economies. Formal and informal consumption insurance helps little in the presence of ag-
gregate shocks, which is ampli�ed by the low investment level in rural, and consistent with work
by Kazianga and Udry (����) who �nd little consumption smoothing during droughts in developing
economies.��

An increase in income risk. Consider next an increase in �
2
p
, from .��� to .��. The transition dynam-

ics, based on a global solution method, are depicted in �gure �, and the dynamics are plotted on the
same y-scale.

Figure �. Secular Increase in �
2
p

The calibration is based on �
2
p = .02,�✏ = 2,�2

✏ = .15, �k = .05, 1 � � � ⌫ = .6 and there is no informal insurance,  = 0.

Two observations stand out. First, the normalized asset demand, and normalized asset income,
de�ned as B

wH
and rB

wH
,�� grow much quicker in the rural economy, which is due to the fact that the

land price can jump, while capital accumulation is a relatively slow process. In fact, a large jump on
impact of the asset position of the land-intensive economy is entirely due to a revaluation of land.

��Note that di�erences in the structure of production across rural and urban provides a simple explanation for why invest-
ment rates are low in poor countries as documented in several studies (Levine and Renelt, ����; Martin, ����), an observation
�rst made in Laitner (����). Laitner (����) notes that measurement practices in the national accounts di�er across land and
physical capital understating aggregate savings in rural economies. Relative to Laitner (����), the issue is ampli�ed here
because income risk and capital depreciation lead to additional capital accumulation in urban relative to rural, and hence
additional investment in steady state.

��I know have to keep account of the fact that average e�ciency units E [h] are rising, alternatively one could introduce the

negative dri� term��2
p

2 to prevent this from happening, see for instance Carroll (����).
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Put di�erently, asset price appreciation meets the rising demand for safe assets in a riskier world.��

Second, note that the same increase in income risk leads to a much larger deterioration of safe asset
income, relative to labor income, in the capital intensive economy falling by more than ��%whilst
relative asset income hardly moves in the land intensive economy. This is driven by a di�erent
response of equilibrium interest rates, and an instance of proposition �.

� Robustness

In this section, I generalize the model to include non-traded land, which seems particularly relevant
for subsistence farmers operating in environments with ill-de�ned property rights. To be clear, land
tenure systems in developing economies are extremely complex, and di�er greatly even within the
same country.�� The model here is not designed to capture this richness. The model does, however,
allow for a straightforward extensionwhere some landmay not be traded, and I explore next whether
the key insight of the role of a �xed production factor in shaping the link between income and con-
sumption dynamics is robust to this extension.

There are two crucial implications of incorporating non-tradable land. First, if some land is non-
tradable, one needs to adjust the total supply of traded land accordingly. Because I have chosen a
relatively low land-share in rural areas to begin with, this concern is largely addressed in the base-
linemodel. Second, once a speci�c plot of land is non-traded, one begins toworry about idiosyncratic
capital risk that does not wash out since a law of large numbers is unlikely to hold for small plots of
land.���� Fortunately, my measure of household labor income precisely incorporates this sort of risk
since own-consumption of agricultural goods and business pro�ts are included.�� Consequently, the
structure of themodel hardly needs any changing to incorporate non-traded land since idiosyncratic
risk associated with non-tradable land is already captured by the stochastic labor income process.
What is crucial for the main point to go through is that there is a market for some assets, and the

��These di�erences in convergence speed remain even when capital does not depreciate because the accumulation process
itself takes time and requires temporarily reduced consumption. This argument is distinct from the well-known insight that
the speed of convergence to the steady state is a function of the capital share, seeMankiw, Romer, andWeil (����). It is di�cult,
however, to tell them apart because whenever the land share is larger, the capital share has to be lower.

��See Pande and Udry (����) and Deininger and Binswanger (����) for insightful reviews.
��While I can consider this sort of capital income risk, aggregate risk remains beyond the scope of the paper. Note that the

methods developed in Deaton and Paxson (����), Townsend (����), or Blundell, Pistaferri, and Preston (����) have nothing to
say about the role of aggregate risk since aggregate time e�ects are partialled out. Abstracting from aggregate risk remains a
popular modeling choice because idiosyncratic risk appears an order of magnitude larger than aggregate risk, which is true
even in developing economies.

��The role of aggregate risk also relates to a classic argument in Newbery and Stiglitz (����) positing that the value of agricul-
tural production in autarkic economies is implicitly insured through a market clearing mechanism whereby a negative shock
to agricultural output raises the price of agricultural goods, which in turn reduces volatility of farm income, seeAllen andAtkin
(����) for a quanti�cation of this idea in the context of India. Arguments along these lines, while relevant, pertain to aggregate
shocks since individual idiosyncratic shocks are unlikely to shi� aggregate supply su�ciently much to move the equilibrium
price.

��The role of volatile but mean-reverting shocks in the rural sector seems suggestive of the role of agricultural risk
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average rate of depreciation of such assets is relatively lower than in the urban sector. Land clearly
satis�es this criterion, but there are other assets in rural areas, think of the role of livestock (Rosen-
zweig and Wolpin, ����) in Subsaharan Africa, or the role of gold in rural India, that could play this
role.
Non-Traded Land. Formally, suppose that households are endowedwith xi � 0 units of non-tradable
land. The aggregate share of non-tradable land equals ⇣ < 1, and I otherwisemaintain a similar setup
as before with informal insurance set to zero,  = 0. In this scenario, non-tradable land xi becomes
an idiosyncratic state variable, and appears in the budget constraint

ȧ = ra+RTx+ wh� c. (��)

Moreover, the aggregate asset market clearing condition changes to

K + pT (1� ⇣) = B

to account for the fact that only some land is traded. Since capital and labor are mobile, the return
to land is equalized everywhere including non-traded land so RT = �Y still holds. In addition, the
aggregate asset supply functionB is still homogenous of degree one inw andL. To see this, it is conve-
nient to rewrite the budget constraint usingwbh = w

�
RT
w
x+ h

�
. A�er noting that RT

w
= �

1�✓
Lh̃ = �

1�✓

for h̃ normalized to one, it is easy to see that the new stochastic process, bh, is similar to the previous
one, h, but shi�ed to the right by a constant household-speci�c term �

1�✓
x. At this point, proving that

the aggregate asset supply function is homogenous of degree one is identical to proving lemma �. I
can then proceed as before and derive the normalized aggregate asset market clearing condition

1

r

✓
✓

1� ✓
� ⇣ � ⌫

1� ✓

✓
�k

r + �k
� ⇣

◆◆
= b, (��)

where it is understood that normalized asset demand b (⇥, r) now also depends on the distribution
of non-tradable land. For the case of ⇣ = 0, I am back to the standard model. For the case of ⇣ >

0, households have an additional stream of safe income from their �xed land endowment possibly
reducing the demand for precautionary savings. At the same time, the le� hand side of (��) is smaller
as fewer tradable units of land are supplied. Whether the interest rate is lower or higher relative to
the frictionless benchmark depends on whether the le� hand side of (��) falls more than the right
hand side. Moreover, note that as long as �k

r+�k
> ⇣, which seems a mild restriction given that the

ratio of depreciation relative to rental rate easily exceeds ��% for any reasonable calibration, it is still
true that a relativelymore land-intensive economywill feature a lower passthrough from income risk
to equilibrium real rate, i.e., proposition � goes through.
Idiosyncratic Land Risk. While idiosyncratic land risk washes out in the aggregate by a law of large
numbers argument, such a logic would not necessarily apply to the case of small non-traded plots of

��



land common in subsistence farming. To extend the previous analysis along those lines, assume that
the returns to non-traded land are stochastic and equal

Rixi = RTAixi,

where Ai is a stationary stochastic process orthogonal to xi and normalized to unity, i.e., x ? A and
E [Ai] = 1.�� Note that the budget constraint in (��) is unchanged but the randomness now depends
on both labor, hi, and non-traded land xi. Crucially, the way income risk is measured in the data is
consistent with (��) since I have incorporated own-consumption and agricultural sales into house-
hold income. The only adjustment le� to be made is the reduced supply of traded land on the le�
hand side of (��).��

Table �� reports the results where I compare the baseline rural scenario with one where ��% of
land is non-tradable, which is a crude compromise for most land being imperfectly traded, and I also
consider an extreme version where half of land is not traded. To benchmark the results against the
urban sector and distill the importance of land, I assume that the income process follows the baseline
urban income process and informal insurance is zero.

Table ��. Robustness exercise with non-traded land

⇣ = 0 ⇣ = .1
�c_p �.��� �.���
�
2
c,0 �.��� �.���

�
2
c,15 �.��� �.���

�
IGE
c

�.��� �.���

When only ��%of land is non-traded, the results change very little, and the passthrough of around
.�� is substantially below the passthrough of income shocks of .�� in the urban sector, whilst the inter-
generational elasticity of consumption remains substantially higher in rural.�� I emphasize that what
matters for the robustness of the results is whether there is a relative abundance of low-depreciating
assets in rural, not so much what exactly gives rise to the household income dynamics measured in
the data.

I conclude this section by pointing out that the role of land as a �xed factor of production and the
small amount of persistent income risk found for rural households gives rise to an equilibrium with
little land trade even if there were no land reallocation frictions whatsoever. To see why, consider the
limiting case without any persistent income shocks. Households would be able to use a small amount

��The orthogonality assumption can be relaxed by simply rede�ning the problem, i.e., Ai and xi could be correlated, in
which case one could think of e�ective land bx = xE [A|x], and the stochastic component would involve the normalized term

A
E[A|x] .
��When computing average e�ciency units of labor per household, note that one is confounding the role of non-tradable

land and actual labor income. I show in the appendix how to compute average e�ciency units correctly in this scenario.
��For values of ⇣ ⇡ 1

2 when half of all land is non-tradable, rural consumption dynamics appear similar to the urban sector.
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of bu�erstock savings to shield consumption from temporary shocks. The overall level of household
consumption would be pinned down by endowments assigned at birth, and consumption would be
roughly constant consistent with an interest rate close to the neoclassical benchmark. The wealthy
stay wealthy and the poor stay poor. Limited trade in land then becomes an equilibrium outcome
independent of the degree of land trading frictions.

� Conclusion

This paper studies the impact of income risk in a general equilibriummodelwhen land is a�xed factor
of production. This gives rise to a novel general equilibrium channel operating through the equilib-
rium interest rate and the safe to risky asset income ratio in the aggregate economy. The framework
is helpful in understanding relatively smooth rural consumption and high intergenerational persis-
tence.

There are several caveats and avenues for future work. First, the simulations pertain to stationary
environments, which is clearly at odds with the declining rural share in most countries. In ongoing
work I amexploring the transitional dynamics of the theory developedhere. These dynamics are non-
trivial and helpful in reconciling the relationship between aggregate savings and economic growth
in fast-growing economies, see Trouvain (����a). Second, di�erences in income risk and insurance
ought tomatter for selection intomigration and rural-urban structural changemore broadly, an issue
I take up in Trouvain (����b). Third, I abstract away from aggregate risk, which may be particularly
relevant in weather-dependent rural environments and warrants further work.
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