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Abstract
The Atkinson-Stiglitz theorem on uniform consumption taxation breaks down if prices are
endogenous. This paper investigates the implications for optimal food subsidies in China. To do
so, we build a general equilibrium model where low-skilled workers have a comparative
advantage in the production of food. Food subsidies raise the relative demand for low-skilled
workers, which reduces the skill premium and indirectly redistributes income from high-skilled
to low-skilled workers. We calibrate our model to match key moments from the Chinese economy,
including sectoral production and spending patterns that we obtain from micro-level survey data.
Our results suggest that general equilibrium effects rationalize food subsidies in the range 5%12%.
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Introduction

Food subsidies are a widely used policy tool, both in developed and developing countries.
Despite their widespread usage, these policies remain controversial. Subsidies on agricultural
products put a significant burden on government finances.1 Moreover, they are often argued
to give an unfair advantage to recipients of these subsidies compared to their foreign competitors. Finally, subsidies or low VAT rates on food and other necessities are not generally
considered to be well-targeted toward low-income households (IMF, 2008).
Public economic theory provides arguments for uniform consumption taxation and hence,
against the use of food subsidies. Most famously, Atkinson and Stiglitz (1976) show that
consumption tax differentiation is undesirable if the government can use a nonlinear income
tax and preferences are weakly separable between consumption and leisure. Intuitively, the
government can use labor income taxes to achieve the same redistribution, but without
distorting consumption choices. Deaton (1979) shows that this result extends to cases where
income taxes are linear, provided the demand for goods increase linearly in income (i.e.,
provided Engel curves are linear). Partly because of these findings, uniform consumption
taxation is an often-voiced piece of policy advice (cf. Ahmad and Stern, 1989).
Notwithstanding these results, it is known since at least Naito (1999) that when factor prices
are endogenous, differential consumption taxation can improve welfare even if preferences are
weakly separable between consumption and leisure. To illustrate, suppose the government
introduces a food subsidy. The reduction in the price faced by consumers raises the demand
for food, which in turn raises the demand for the labor input that is used relatively intensively
in its production, presumably low-skilled labor. The increased demand for food raises the
wage of low-skilled workers relative to that of high-skilled workers. A government that cares
about redistribution can exploit these general equilibrium effects when designing tax policy.
What is not known, however, is how much this matters for tax policy. What is the order of
magnitude by which consumption taxes should be differentiated, and what are the welfare
gains from doing so? We study this form of indirect redistribution, focusing on a case where
it may be particularly salient: food subsidies in China. The Chinese economy features a
large agricultural sector that is relatively low-skill labor intensive. In addition, the Chinese
government is the world’s largest subsidizer of agriculture (OECD, 2017). Finally, many
developing countries face significant tax capacity constraints, especially when it comes to
taxing personal income (Besley and Persson, 2014).2 When nonlinear income taxes are not
1

Specifically for China, the OECD (2017) estimates that in 2016 agricultural subsidies amounted to $212

billion, which is close to 9.1% of total fiscal revenues.
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See also “Why only 2% of Chinese pay any income tax” from The Economist (December, 2018).
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available, consumption taxes become more important.
We study the optimal design of food subsidies both theoretically and quantitatively. We
follow the setup of Deaton (1979), in which a government redistributes using linear income
and consumption taxes. This is the instrument set we are most interested in.3 We build a
general equilibrium model with two commodities (agricultural and non-agricultural products)
and two factors of production (low-skilled and high-skilled labor).4 Preferences are separable
between consumption and leisure and sub-utility over the two consumption goods is of the
Stone-Geary form, with food entering as a necessity. Low-income households spend a larger
fraction of their income on food, but Engel curves are still linear. Consequently, optimal food
subsidies are zero in the absence of general equilibrium effects (Deaton, 1979).
Theoretically, we show that standard formulas for optimal linear taxes (cf. Sheshinski (1972),
Feldstein (1973) and Diamond (1975)) are modified if taxes induce general equilibrium effects
on prices. We derive an expression for the optimal food subsidy in terms of sufficient statistics,
in the spirit of Saez (2001) and Chetty (2009). The additional statistics that are relevant
for determining the welfare effect of a change in the food subsidy concern the effect of
the subsidy on equilibrium prices – in particular the wages for high-skilled and low-skilled
workers. Changes in equilibrium prices have both distributional and fiscal effects, which the
government should take into account when designing tax policy.
We then proceed to investigate quantitatively the implications of general equilibrium effects
for the optimal design of food subsidies by calibrating the model to the Chinese economy.
Our main data source is the 2008 wave of the Chinese Household Income Project (CHIP),
which provides micro-level survey data on earnings, personal characteristics and expenditure
disaggregated by spending categories. We classify individuals as high-skilled if they completed
a college degree, which is the case for roughly 10% of the individuals in our sample. In
addition, we classify individuals as working in agriculture versus non-agriculture based on
where they work most hours.
In line with our theoretical framework, we find that agricultural production is low-skilled labor intensive: 13% of workers outside agriculture are college educated, whereas in agriculture
this figure is around 1%. Combined with an estimate of the skill premium, these statistics
discipline the parameters of the production function. We use the data on spending disaggregated by categories to obtain an estimate of the slope of the Engel curve, which is used
as an input to parameterize the utility function. Data on other elasticities and government
3

In an extension, we allow for nonlinear taxes on labor income.
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In our setup, the shares of the two skill types are considered fixed, while workers can freely move

across sectors. We also assume that the economy is closed to trade with the outside world. We discuss the
consequences of these choices extensively in the concluding section of this paper.

3

policies, including a food subsidy rate of 10% (OECD, 2017), complete our parameterization.
Turning to the results, we find that the optimal food subsidy is close to 5% if the government has a utilitarian objective and increases to approximately 12% if the government
has a Rawlsian (maxi-min) objective. Hence, general equilibrium effects rationalize fairly
sizable deviations from uniform consumption taxes. Despite this, the welfare gains of using
food subsidies are rather modest. Starting from a setting with uniform consumption taxes, a
utilitarian government is indifferent between optimizing food subsidies and increasing everyone’s consumption aggregate by 0.01%. This figure increases to 0.07% if the government has
a Rawlsian objective. We also show that the welfare effects are much larger if food subsidies
are severely mis-optimized. For example, if food is subsidized at a rate of 60%, the welfare
gains from optimizing them can be as large as 3% in consumption equivalents.
Given the considerable attention paid to consumption taxes in the literature and in policy
discussions, we consider these limited welfare effects an interesting finding in and of itself.
They suggest that implementing uniform consumption taxes does little damage – at least
in the setting we study. At the same time, our results suggest that the welfare gains from
reforming consumption taxes are small, unless current subsidy rates are very large.
We investigate the robustness of our main results by varying the elasticity of substitution
i) between skill types in the production function and ii) between agricultural and nonagricultural goods in the utility function. The first of these determines the strength of general equilibrium effects, whereas the second determines by how much individuals change their
consumption mix in response to a change in the food subsidy. All in all, we find that both
optimal food subsidies and the welfare gains are fairly robust to variations in these parameters. We also study an extension where labor income can be taxed nonlinearly. This takes
away some of the rationale for the food subsidy, as a nonlinear income tax allows the planner
to employ general equilibrium effects even before the use of food subsidies. Consequently, we
find that allowing for nonlinear income taxes reduces both the optimal food subsidy and the
corresponding welfare gains, but qualitatively our results remain intact.
Finally, we study a number of reforms to the current tax system. Our results highlight that
general equilibrium effects are of the same magnitude as the more standard effects that show
up in optimal tax formulas (see Saez, 2001 and Chetty, 2009). Consequently, ignoring general
equilibrium effects can lead policymakers astray when judging the desirability of tax reforms.
We show that this is the case if a Rawlsian government considers reforming the current food
subsidy.
The remainder of this paper is organized as follows. This section finishes with a review of
related literature. Section 2 presents the model. Section 3 derives an expression for the opti4

mal food subsidy. Section 4 discusses the data and the parameterization. Section 5 contains
the quantitative analysis of optimal taxes, along with several robustness checks. Section 6
analyzes tax reforms. Section 7 concludes and discusses directions for future research.

1.1

Related literature

How to optimize consumption taxes is an age-old problem in public economics. Ramsey
(1927) shows that the optimal tax rate on a consumption good is inversely related to its
compensated elasticity of demand. His analysis abstracts from heterogeneity (and hence, a
motive for redistribution) and it is assumed that a change in the tax on a specific consumption
good does not affect the demand for other goods. Corlett and Hague (1953) consider a more
general environment where the cross-price elasticities are not necessarily zero. They show
that it is optimal for the government to alleviate tax distortions on labor supply by taxing
goods that are more complementary to leisure at higher rates.
In a seminal paper, Atkinson and Stiglitz (1976) show that weak separability between consumption and leisure in the utility function is enough to render consumption taxes redundant
provided the government can levy a nonlinear tax on labor income. Deaton (1979) analyzes
a model where the government levies a linear tax on labor income. He finds that the result
by Atkinson and Stiglitz (1976) stands as long as Engel curves are linear. In both these
cases, taxing different goods at different rates does not generate distributional benefits beyond income taxation, nor does it alleviate distortions in labor supply. Our framework with
linear tax instruments is most similar to that of Deaton (1979), though we consider nonlinear
income taxes in an extension. The main difference is that we endogenize prices by modeling
the production side of the economy. As a result, there are general equilibrium effects which
the government can exploit for redistributive purposes even if Engel curves are linear and
preferences are weakly separable between consumption and leisure.
The finding that the government can use general equilibrium effects to facilitate income
redistribution when designing tax policy is not new. Allen (1982) studies optimal linear
taxation of labor income in a model with endogenous wages. Stiglitz (1982) studies a similar
problem where the government can levy a nonlinear tax on labor income. His analysis has
recently been extended to a continuum of skill types by Sachs et al. (2020). The optimal tax
rules differ from those from the classic analysis by Mirrlees (1971) because changes in wages
alleviate or tighten incentive constraints. Naito (1999) extends the analysis from Stiglitz
(1982) by including different consumption goods. Contrary to the finding of Atkinson and
Stiglitz (1976), he shows that when factor prices are endogenous, a non-uniform consumption
tax can improve welfare even if preferences are weakly separable between consumption and
leisure. This is the case if consumption taxes compress the (pre-tax) wage distribution.
5

Our paper differs from these analyses, in particular those of Stiglitz (1982) and Naito (1999),
in two substantive ways. First, in most of what follows we consider a setting with linear tax
instruments similar to that of Allen (1982), who abstracts from consumption taxes. This
allows us to derive optimal tax formulas in terms of sufficient statistics, in the spirit of
Saez (2001) and Chetty (2009). Second, and more importantly, we attempt to quantify the
optimal tax or subsidy on agricultural products and the welfare gains that result from it by
calibrating our model to the Chinese economy.
Several papers investigate the effect of consumption taxes in a quantitative model. PeraltaAlva et al. (2018) study the welfare implications of different taxes in low-income countries,
but do not consider the role of consumption tax differentiation. Gadenne (2020) investigates
the effectiveness of the ‘ration shop’ system, which allows the Indian government to implement what is essentially a nonlinear tax on certain consumption categories. In this paper,
we abstract from such nonlinearities. Bachas et al. (2020) and Doligalski and Rojas (2020)
consider the effect of the informal sector on optimal taxation. Bachas et al. (2020) study
policy implications for food subsidies, but do not take into account the general equilibrium
effects that we investigate in this paper. Our paper’s focus on the importance of general
equilibrium effects in consumption taxation complements this literature.

2

Model

In this section, we describe the model that is used in the remainder of the analysis. The
economy contains two types of individuals, low-skilled L and high-skilled H. Each type is
present with mass µi , where i ∈ {L, H} and the total mass equals one: µL + µH = 1.
Production takes place in two sectors j ∈ {a, n}, denoting agriculture and non-agriculture,
in which returns to scale are constant.5 Markets are perfectly competitive, so there are no
profits. Each worker’s skill type is fixed, but she can freely move across sectors. As a result,
each type earns a wage rate wi that does not depend on the sector of employment. Finally,
there is a government that has a preference for redistribution. It levies linear taxes on the
consumption of agricultural goods and labor income to finance a lump-sum transfer and
some exogenous spending. In what follows, we describe each of the agents in the economy
in more detail. Because the goal is to connect the model to data, choices of functional forms
are discussed on the go.
5

In most of what follows, we use agricultural goods and food interchangeably. This is a simplification,

since food products are to some extent manufactured, and some agricultural goods are inputs to non-food
products. Issues regarding the mapping from consumption to production have been much-discussed in the
literature on structural transformation (see, e.g., Herrendorf et al. (2014)), so that we suffice with this note.
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2.1

Individuals

Individuals have identical preferences over the consumption of agricultural goods ca , nonagricultural goods cn and labor supply `. Given taxes and given prices, an individual of type
i ∈ {L, H} solves the following maximization problem:
max

{ca,i ,cn,i ,`i }

Vi = u(ca,i , cn,i ) + v(`i )

s.t. pa (1 + τa )ca,i + cn,i = T + wi (1 − τy )`i .

(1)

Utility is separable between consumption and leisure. Sub-utility over consumption and labor
supply, in turn, are given by

−1
1
1 −1
C(ca , cn )1−σ − 1
where C(ca , cn ) = [ω  (ca − ca )  + (1 − ω)  cn  ] −1 ,
1−σ
1−φ
(1 − `)
v(`) = ψ
.
1−φ

u(ca , cn ) =

(2)
(3)

The parameters σ and φ regulate the curvature of the consumption aggregate and labor supply in utility, while ψ governs their relative importance. The relative importance of agricultural goods in consumption is regulated by ω, while  determines the degree of substitutability
with non-agricultural goods. Finally, ca denotes a subsistence level for the consumption of
agricultural goods (i.e., food).
Despite that preferences are potentially non-homothetic due to the subsistence level ca , the
current specification of the utility function gives rise to linear Engel curves. Combined with
the assumption that preferences are separable between consumption and leisure, an immediate implication is that the optimal food subsidy is zero in the absence of general equilibrium
effects, cf. Deaton (1979). Hence, any departure from uniform consumption taxation is driven
by general equilibrium effects and not by our specification of preferences.
Turning to the budget constraint, the output price of agricultural goods is denoted by pa and
non-agricultural goods are chosen as the numeraire: pn = 1. Furthermore, note that the wage
wi is indexed by skill type. By contrast, the tax instruments are the same for all individuals
and do not depend on, say, skill or sector of employment. Tax policy consists of a linear
tax rate τa on agricultural goods and a linear tax rate τy on labor income. In addition, T
denotes a lump-sum transfer, which can be positive or negative. The latter can also capture
that part of labor income is tax exempt, as is the case in many countries, including China.
The assumption that non-agricultural goods are not taxed is without loss of generality. The
reason is that decisions only depend on relative prices. Consequently, any allocation that
can be implemented with linear taxes on labor income and both consumption goods can
also be implemented with only a linear tax on labor income and a linear tax on agricultural
7

goods. Therefore, we harmlessly normalize τn = 0 and account for this choice when we
connect the model to the data. A convenient implication is that a preferential tax treatment
of agricultural goods versus non-agricultural goods simply corresponds to subsidizing the
former: τa < 0. Uniform consumption taxation, in turn, corresponds to setting τa = 0.
Whenever the solution to the utility maximization problem is interior, the following conditions together with the budget constraint pin down the optimal choices given prices and
given tax policy:
C(ca,i , cn,i )−σ
ψ(1 − `i )−φ
=
,
P
wi (1 − τy )
1−ω
(ca,i − ca )(pa (1 + τa )) ,
cn,i =
ω

(4)
(5)

where P is a price aggregator, or index:
1

P = [ω[pa (1 + τa )]1− + (1 − ω)] 1− .

(6)

The first of these equates the marginal rate of substitution between leisure and the consumption aggregate to the relative price. The second determines the optimal mix between
agricultural and non-agricultural goods in the consumption aggregate.

2.2

Firms

Production in sector j ∈ {a, n} takes place according to a constant returns to scale production function:

h
ρ−1
ρ−1 i ρ
ρ−1
ρ
.
Yj = Fj (Lj , Hj ) = Aj γj Lj + (1 − γj )Hj ρ

(7)

Here, total factor productivity Aj and the share parameter γj are allowed to vary across
sectors. The first determines differences in productivity between sectors and the latter governs
differences in the skill intensities used in the production of agricultural and non-agricultural
goods. In what follows, we harmlessly normalize An = 1. For simplicity, the constant elasticity
of substitution ρ between the two skill types is assumed to be the same in both sectors.
A representative firm in each sector j ∈ {a, n} maximizes profits by choosing how much
labor of each skill type to hire, taking wages and output prices as given. Formally, it solves
max

{Lj ,Hj }

Πj = pj Fj (Lj , Hj ) − wL Lj − wH Hj .

(8)

Because there is perfect competition with constant returns to scale, firms make zero profits
in equilibrium: Πj = 0. The first-order conditions determine the demand for low-skilled and
high-skilled labor in each sector j:

wL = pj FL,j = pj Aj
8

Yj
Aj

 ρ1

−1

γj Lj ρ ,

(9)


wH = pj FH,j = pj Aj

Yj
Aj

 ρ1

−1

(1 − γj )Hj ρ .

(10)

Because workers can freely move, the wages wL and wH and hence the skill premium do not
vary across sectors. The latter, in turn, is given by
 1
wH
1 − γj Lj ρ
=
.
wL
γj
Hj

(11)

The above relationship makes clear that low-skilled labor is used relatively intensively in the
sector where it has a comparative advantage (i.e., where γi is highest).

2.3

Government

The government provides a lump-sum transfer T to all individuals and levies proportional
tax rates τa and τy on the consumption of agricultural goods and labor income. A food
subsidy thus corresponds to τa < 0. When choosing its tax instruments, the government
aims to maximize the following welfare function:
W = µL αL VL + µH αH VH .

(12)

Here, αL ≥ 0 and αH ≥ 0 are exogenous Pareto weights, which, together with concavity in the
individual utility function, determine the government’s preferences for redistribution. The
sum of these weights is normalized to one: αL + αH = 1. A utilitarian objective corresponds
to setting αL = 1/2 and a Rawlsian (maxi-min) objective corresponds to setting αL = 1.
The government consumes an exogenous amount of G units of non-agricultural goods. Consequently, its budget constraint is given by
X
X
τa
µi pa ca,i + τy
µi wi `i = T + G,
i

(13)

i

where the summation is over skill types i ∈ {L, H}. The left-hand side captures total revenues
collected from taxing food consumption and labor income, while the right-hand side captures
total government spending. The latter consists of the lump-sum transfer that is paid to
all individuals and public consumption of non-agricultural goods. In what follows, we first
characterize equilibrium given tax policy and then turn to analyze the optimal tax problem.

2.4

Equilibrium

A competitive equilibrium is formally defined as follows:
Definition 1. A competitive equilibrium consists of consumption and labor supply decisions
{(ca,L , cn,L , `L ), (ca,H , cn,H , `H )}, labor inputs {(La , Ha ), (Ln , Hn )} and prices (pa , wL , wH )
such that, given tax policy (τa , τy , T ),
9

(i) individuals maximize utility, cf. equations (1), (4) and (5),
(ii) firms maximize profits, cf. equations (9)–(10),
(iii) labor and goods markets clear:
La + Ln = µL `L ,

(14)

Ha + Hn = µH `H ,

(15)

Ya = µL cL,a + µH cH,a ,

(16)

Yn = µL cL,n + µH cH,n + G.

(17)

Equations (14)–(15) give the market-clearing conditions for low-skilled and high-skilled labor, respectively. Equation (16), in turn, gives the market-clearing condition for agricultural
goods. Combined with the first-order conditions of households and firms, these marketclearing conditions pin down all equilibrium quantities and prices for a given tax policy
(τa , τy , T ). Given a choice of these instruments, government consumption G must then be
such that the market-clearing condition (17) for non-agricultural goods holds as well. If that
is the case, Walras’ law implies the government budget constraint is satisfied.

3

Optimal food subsidies

The government chooses tax policy (τa , τy , T ) to maximize social welfare (12), subject to the
budget constraint (13). When doing so, it has to to take into account that all equilibrium
quantities and prices depend on the tax instruments. The optimal tax problem is formally
analyzed in Appendix A. Because our focus is on food subsidies, we only state the main
result regarding the optimal τa here.
Proposition 1. At the optimal tax system, the following condition must hold:
∂W 1
= DE + BE + GE = 0,
∂τa λ

(18)

where λ is the multiplier on the government budget constraint, DE stands for ‘direct effects’,
BE for ‘behavioral effects’ and GE for ‘general equilibrium effects’. These are given by
DE =

X

µi (1 − gi )pa ca,i ,

(19)

i

X
∂ca,i
∂`i
+ τy
µi w i
,
∂τ
∂τ
a
a
i
i
i ∂w
i ∂p
X h
X h
a
i
GE =
µi τa − gi (1 + τa ) ca,i
+
µi τy + gi (1 − τy ) `i
.
∂τa
∂τa
i
i
BE = τa

X

µi pa

10

(20)
(21)

Here, the summation takes place over skill types i ∈ {L, H} and gi =

αi un,i
λ

denotes the welfare

weight, which measures the increase in social welfare if an individual of type i receives an
additional unit of income.
Proof. See Appendix A.
A change in τa has three welfare-relevant effects, which at the optimum sum to zero. First,
a higher tax on agricultural goods transfers income from individuals to the government
budget. We label these ‘direct effects’. How much is transferred from individuals of skill
type i ∈ {L, H} to the government budget depends on their population share µi and their
spending on agricultural goods pa ca,i . The corresponding welfare effect is proportional to
1 − gi , which measures the benefit of transferring one unit of income from an individual of
type i (whose welfare weight is gi ) to the government (whose weight is one). The term DE
sums these effects over the two skill types.
Second, a change in the tax on agricultural products τa induces changes in consumption
and labor supply. We label these ‘behavioral effects’. These behavioral effects, in turn, affect the government budget through so-called fiscal externalities. To illustrate, suppose that
individuals, in response to a higher tax on agricultural goods, decide to work less and purchase fewer agricultural goods. If individuals were optimizing prior to the tax reform, these
changes do not affect their utility (this is an application of the envelope theorem). However,
decisions to work less or purchase fewer agricultural goods do affect government finances
if labor income and agricultural consumption are taxed or subsidized. These are the fiscal
externalities that individuals do not take into account when making their consumption and
labor supply decisions. Naturally, the welfare-relevant effects due to these fiscal externalities
are proportional to τa and τy , respectively. The term BE adds these fiscal effects over the
individual skill types and over the two tax bases.
Third, a higher tax on agricultural goods affects equilibrium prices pa , wL and wH . We label
these ‘general equilibrium effects’. To illustrate, suppose that a higher tax τa reduces the
demand for agricultural goods, which lowers the (before-tax) price pa . A reduction in the
demand for agricultural goods also reduces the demand for the input that is used relatively
intensively in its production, presumably low-skilled labor. Consequently, the wage wL of lowskilled workers falls relative to the wage wH of high-skilled workers. A change in any of these
prices has two welfare-relevant effects. First, a lower price pa of agricultural goods generates
a fiscal externality that is proportional to τa , whereas changes in equilibrium wages wL and
wH generate a fiscal externality that is proportional to τy . Second, changes in equilibrium
prices have an effect on individual utility: a higher price of agricultural goods lowers resources
available for consumption, whereas a higher wage has the opposite effect. These effects are
11

weighed by the welfare weights gi . The term GE then sums the welfare-relevant effects over
skill types and over the price responses.
At the optimum, the sum of the direct, behavioral and general equilibrium effects is equal
to zero. Equation (18) gives an optimal tax formula that is expressed in terms of population
shares, welfare weights and the responses of equilibrium quantities and prices to changes in
τa . These are the ‘sufficient statistics’ that determine the optimal tax on agricultural products
goods (Chetty, 2009). Similar expressions can be derived for the optimal tax on labor income
τy and the optimal transfer T : see Appendix A. It is worth pointing out that these formulas
hold under a general specification of preferences and technology. In that sense, our choice for
the utility and production function (combined with the parameterization discussed below)
can be seen as a way of pinning down these statistics.

3.1

General equilibrium effects

Determining the sign of the optimal tax τa on agricultural products turns out to be a
formidable task, even after having made specific functional form assumptions. Therefore,
instead of attempting a formal proof, we conjecture (and verify numerically) that the optimal tax on agricultural goods is negative if agricultural production is relatively low-skilled
labor intensive. Hence, we conjecture that the optimal τa < 0 if γa > γn .
To understand why, first consider the instructive case where labor types are perfect substitutes and none of the skill types has a comparative advantage in the production of agricultural goods: ρ → ∞ and γa = γn = γ < 1/2. Equilibrium wages are then given by wL = γ,
wH = (1 − γ) and the skill premium is wH /wL = (1 − γ)/γ > 1. The price of agricultural
goods, in turn, equals pa = 1/Aa . None of these prices depends on any of the tax instruments.
Hence, there are no general equilibrium effects associated with an increase in the tax on agricultural goods: GE = 0. Because preferences are separable between consumption and leisure
and Engel curves are linear, we know from Deaton (1979) that all goods should be taxed at
the same rate: the optimal τa = 0. It follows immediately that under the current specification
of preferences, any departure from uniform consumption taxation (i.e., an optimal τa that
differs from zero) must be driven by general equilibrium effects.
To allow for general equilibrium effects, suppose labor types are imperfect substitutes in
production and low-skilled workers have a comparative advantage in the production of food:
ρ  ∞ and γa > γn . From equation (11) it is clear that the production of agricultural goods
is relatively low-skilled labor intensive: La /Ha > Ln /Hn . In this case, there are general
equilibrium effects that can be exploited for redistributive purposes.
To illustrate, suppose the government lowers the tax (or raises the subsidy) on agricultural
12

products: τa decreases. This leads to an increase in the demand for agricultural products,
which in turn raises the demand for low-skilled labor. A higher demand for low-skilled labor
reduces the skill premium wH /wL . This is essentially an application of the Stolper-Samuelson
theorem, with the increase in demand for a particular good driven by a reduction in the tax
rather than an opening to trade. A lower skill premium indirectly redistributes income from
high-skilled to low-skilled workers, which ceteris paribus raises welfare.
Starting from a situation with uniform consumption taxation (i.e., starting from τa = 0),
the distributional benefits driven by general equilibrium effects provide a rationale for introducing a food subsidy. Doing so, however, comes at the costs of distorting consumption
decisions. After the imposition of a subsidy, consumers face a price of agricultural goods in
terms of non-agricultural goods that differs from the marginal rate of transformation. This
leads to inefficiently high levels of food consumption, as individuals do not internalize the
negative impact of food consumption on the government budget. These costs are zero if
τa = 0 (i.e., starting from a situation with uniform consumption taxes), but increase as the
food subsidy rises – typically at an increasing rate (Harberger, 1964). This ultimately puts
a limit on the extent to which food should be subsidized.
The optimal food subsidy balances the indirect distributional benefits that come from general
equilibrium effects on wages against the costs of distorting consumption decisions. How large
optimal food subsidies are once we account for general equilibrium effects is the topic of the
following sections.

4

Parameterization

We parameterize our model to represent the Chinese economy in the year 2008 as well as
possible. We combine a variety of data sources, most importantly the 2008 sample of the
Chinese Household Income Project (CHIP). Below, we begin by discussing the CHIP data.
We then describe the moments of the data that we target in our calibration.

4.1

Data

Our main source of data is the Chinese Household Income Project (CHIP), a household
micro-survey on earnings, expenditures, and personal characteristics such as education levels.
We choose to work with the 2008 wave of the survey, because it was the latest at the time
of writing to include questions on consumption expenditure by spending category.
Gustafsson et al. (2014) describe the income data available for China. The methodology used
by the Chinese National Bureau of Statistics (NBS) to create their Annual Urban and Rural
Household Surveys is the best available, even if the measurement of high incomes remains
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challenging. The CHIP survey is a sub-sample of this larger survey.
Two additional reasons for choosing the CHIP survey deserve mention. First, consumptionin-kind by farmers (i.e., the direct consumption of their own produce, or consumption through
barter trade) makes for a measurement issue that is relevant to our research setup. Such
consumption should be accounted for. Luckily, the NBS splits the survey by urban and rural
populations and adjusts its methods to account for consumption-in-kind.
Second, China has a large population of migrant workers, who are registered as inhabitants
of rural villages but spend most of the year living in urban areas. In addition, workers
sometimes live at their place of work, for example on a construction site, rather than in a
residential building. These phenomena could distort statistics on sectoral employment, but
the CHIP surveys account for this as well.

4.2

Moments

We now discuss the data moments that inform our parameter choices, all of which are
summarized in Table 2.
First, we obtain some facts on employment and consumption from CHIP 2008. We drop
all unemployed subjects from the rural and the urban sample and classify the remaining
by sector (employed in agriculture, versus outside) and education (highest level of education completed is college or above, versus below). Sector classification is done based on the
majority of hours worked.6 According to the World Bank’s World Development Indicators
(December 2017 update, hereafter WDI), 53.5% of the population live in rural areas. We use
this figure to weigh the CHIP’s rural and urban samples.
Table 1 shows how employment is split over sectors and education levels. The share of
agricultural employment in total employment is 26.6%. The total share of college educated
workers is 9.8%, but they are disproportionately employed outside of agriculture. Comparing
skill intensities across sectors results in a relative low-skill use of agriculture versus nonagriculture of 1.14.7 Matching these three figures implies matching the entire two-by-two
table. In addition, we target the college premium observed in the data. Our dataset contains
few observations on wages by educational status, but Wang (2012) investigates the topic in
depth and finds a (non-causal) college premium of 51% using data from CHIP 2002.
The CHIP data also includes information on consumption expenditure for the urban popu6

Subjects can indicate several forms of employment, but few subjects show a mixed profile of hours. This

is in line with findings from Gollin et al. (2013).
7

This figure is calculated as

26.4
63.8
26.4+0.3 / 63.8+9.6

≈ 1.14.
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College

Non-College

Total

Agriculture

0.3%

26.4%

26.6%

Non-agriculture

9.6%

63.8%

73.4%

Total

9.8%

90.2%

100.0%

Table 1: Employment shares by sector and education level
lation. We use the corresponding figures to determine how spending on food and non-food
varies with total expenditures. To that end, we regress food expenditure on non-food expenditure. Both are normalized by average monthly urban households expenditure, so that the
data can be linked to the model. The resulting coefficients are informative of the parameters
ω and ca .8 The intercept is positive and significant, indicating a minimum required spending
on food, and food spending rises less than one-for-one with non-food spending.
Unfortunately, the data from the expenditure section of the CHIP 2008 survey do not align
with the NBS’s preferred macro estimates of expenditures. In the CHIP survey, about half of
aggregate expenditure goes to food products. Other data sources, such as the International
Comparison Program 2011 data (by the World Bank) show an expenditure share closer to
one quarter.9 We prefer the calibrated model to be consistent with macro aggregates, and
therefore choose to shift downward the linear Engel curve to match an expenditure share in
8

The reason we choose this specification is that we can translate the estimates from this regression into

model equivalents. Specifically, we observe the following in the data: ca pa (1 + τa )(1 + τ ), which is total
spending on food after subsidies and the general VAT rate of 17% that we denote by τ , and cn pn (1 + τ ),
which is total spending on non-food (not imposing pn = 1). The optimality conditions that follow from the
individual’s maximization problem imply the following relationship:
ca pa (1 + τa )(1 + τ ) = ca pa (1 + τa )(1 + τ ) + cn pn (1 + τ )

ω
(pa (1 + τa ))1− pn−1 .
1−ω

To translate this into model terms, we normalize the data by c̃u , which denotes the observed average total
u
consumption of the urban population. This normalization affects the intercept. Let SH
denote the share of

the urban population that is high-skilled. c̃u can be expressed as:
u
u
c̃u = (1 − SH
)(cL,a pa (1 + τa )(1 + τ ) + cL,n pn (1 + τ )) + SH
(cH,a pa (1 + τa )(1 + τ ) + cH,n pn (1 + τ )).

Estimates of the intercept and slope (denoted β̂0 and β̂1 ) are then related to the model as follows:
β̂0 = ca pa (1 + τa )(1 + τ )/c̃u ,
ω
(pa (1 + τa ))1− p−1
n .
1−ω
Hence, the results can be translated into the parameter values we are interested in given an ‘extra’ calibrated
β̂1 =

u
value of τ , which we found to be 0.17, and of SH
, which we found to be 19.6%.
9

We total food, beverages, tobacco and narcotics (which is the most common level of aggregation) and

compare this to total expenditures, arriving at a share of 26.1%.
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line with this figure. The result is an intercept that matches the first percentile of all food
spending in the CHIP data, which we consider a reasonable proxy for subsistence spending.
Next, we turn to the role of the government. Regarding the tax on agricultural goods, the
OECD (2017) produces agricultural support estimates, in which it records general services
support, consumer support, and producer support for agriculture by governments. General
services do not include direct benefits to producers or consumers (but rather concern infrastructure), so we exclude those. Consumer support for agricultural goods is negative, but does
not seem to diverge much from that of other goods (in terms of VAT and Business Tax).
Producer support, instead, is sizable: it hovers around 10% of gross farm receipts.10 We take
this as the equivalent of ‘food subsidies’: τa = −0.1.
Chinese personal income taxes apply only after a personal allowance that is twice the average
wage and make up for a small percentage of government revenues (IMF, 2018 and Lin, 2009).
Instead, the standard VAT rate is significant at 17% (IMF, 2018). This figure implies an
effective tax rate on labor income of τy = 1 − 1/(1 + 0.17) ≈ 0.15. Furthermore, according
to the WDI, the total revenue from taxes was 10.1% of GDP in 2008. Through the lens
of our model, this figure is informative about government consumption of non-agricultural
goods G. The value of the lump-sum transfer T is residually determined to make sure the
government runs a balanced budget.11
We also require values for a number of elasticities. For many of these, no specific estimates
are available for China. For this reason, we rely on the idea that behavioral is similar across
countries. We set the coefficient of relative risk-aversion σ equal to one (logarithmic utility).
Moreover, we use the parameters φ and ψ governing the disutility of labor to target an
average Frisch elasticity of 0.5 and an average Hicksian elasticity of 0.33 (Chetty et al., 2011).
Furthermore, we set the elasticity of substitution between agricultural and non-agricultural
goods in consumption equal to 0.5, following Buera and Kaboski (2009). As this parameter
determines to what extent individuals change their consumption mix following a change in
the food subsidy (and hence, to what extent there will be a change in demand for low-skilled
labor), we study the robustness of our findings with respect to this parameter choice in
10

The year 2008 seems to have been a downward outlier at 4.62%, so that we choose a figure that is more

representative for the period.
11

We interpret the figure of 10.1% as revenues after transfers, so that it equals government expenditures on

non-agricultural goods: G/gdp = 0.101. In line with our theoretical model, we assume government spending
is financed by labor and consumption taxes. In reality, government spending is also financed by other taxes,
e.g., on corporate income. Actual government expenditures are less informative, because of significant other
sources of government revenue (in particular, income from state-owned enterprises). As a result, actual
government expenditures are significantly larger than tax revenues suggest. On balance, we believe our
approach is the most appropriate, parsimonious way of capturing the overall tax burden.
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Parameter

Value

Moment

Model

Data

µL

0.90

Share of low-skill workers

90.2%

90.2%

σ

1.01

Coefficient of relative risk aversion

1.01

1.01

φ

1.35

Average Frisch elasticity

0.50

0.50

ψ

0.53

Average Hicksian elasticity

0.33

0.33

ω

0.39

Slope of expenditure regression

0.25

0.25



0.50

Consumption elasticity of substitution

0.50

0.50

ca

0.14

Food share of expenditures

26.2%

26.1%

Aa

3.56

Agriculture share of employment

26.5%

26.6%

γa

0.95

Relative low-skill intensity across sectors

1.14

1.14

γn

0.72

College premium

1.51

1.51

ρ

1.40

Elasticity of substitution between types

1.40

1.40

τa

-0.10

Agricultural producer support as % of receipts

10.0%

10.0%

τy

0.15

Effective tax burden on labor income

14.5%

14.5%

T

0.01

Tax revenue as % of GDP

10.1%

10.1%

The table informally groups the data moments with the parameters they are considered informative of, although each parameter influences many moments. Of the 14 parameters, 6 are set directly to match their empirical counterpart. These ‘outside’ parameters are indicated in boldface.

Table 2: Parameters and moments
Section 5.
Lastly, the elasticity of substitution between skill types in the production function is of
particular importance, as it determines the strength of general equilibrium effects on wages.
We use a value of 1.4 in our baseline, based on estimates for the US by Katz and Murphy
(1992) and Ciccone and Peri (2005). Section 5 analyzes the robustness of our results with
respect to this parameter choice as well.
Table 2 shows the parameters we use to produce the results in the next sections. For these
values, our model closely matches the data moments.

5

Optimal tax analysis

This section presents the optimal tax analysis. It begins with our main results: general equilibrium effects rationalize sizable deviations from uniform consumption taxes. At the same
time, the welfare gains that come from optimizing food subsidies are very modest. We then
proceed to discuss the robustness of our findings by varying the elasticity of substitution i)
between skill types in production (ρ) and ii) between agricultural and non-agricultural goods
in the consumption aggregate (). Our main findings are robust to reasonable variations in
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these parameters. Finally, we study optimal policies if the government can levy a nonlinear tax on labor income. This shrinks both the size and the welfare gains of optimal food
subsidies, but leaves the results qualitatively intact.

5.1

Main results

Our optimal tax analysis attempts to shed light on two questions. The first is: for a given
specification of the welfare function, what is the optimal food subsidy? Because in our model
any departure from uniform consumption taxes is driven by general equilibrium effects,
the answer to this question gives an indication of the size of food subsidies that can be
rationalized by such effects. The second question is: what are the welfare costs of setting
uniform consumption taxes, i.e., of setting τa = 0? The answer to this question gives an
indication of how costly it is to abandon food subsidies or, alternatively, the welfare gains
that can be reaped from using them.
Table 3 shows the optimal taxes along some statistics on the resulting allocation.12 ‘Baseline’
refers to the calibrated model, which serves as a comparison to the other columns. The results
for the utilitarian criterion are obtained by setting αL = αH = 1/2 and for the Rawlsian
criterion by setting αL = 1 and αH = 0. The columns ‘Optimal’ show the results if no
restrictions are imposed on food subsidies. By contrast, the results under ‘Uniform’ are
obtained by imposing food subsidies are abandoned: τa = 0. These columns plot the results
if all goods are taxed at the same rate.
Baseline

Utilitarian

Rawlsian

Optimal

Uniform

Optimal

Uniform

–10.00%

–4.68%

0.00%

–12.32%

0.00%

14.53%

7.28%

6.43%

18.04%

16.07%

1.90%

–3.77%

–3.46%

4.67%

5.85%

1.51

1.53

1.53

1.50

1.52

Agriculture share in GDP

25.38%

24.88%

24.55%

25.62%

24.70%

Share of low-skilled in agriculture

29.15%

28.59%

28.21%

29.41%

28.39%

N/A

0.01%

Tax on agricultural goods (τa )
Tax on labor income (τy )
Transfer/average income (T /ȳ)
Skill premium

Consumption equivalent gain

0.07%

Table 3: Optimal policy
Under the utilitarian criterion, the optimal food subsidy equals 4.68%. The preferential tax
treatment of food relative to the untaxed numeraire (non-agricultural goods) is therefore
12

These results are obtained by numerically solving the optimal tax problem as described in Appendix A.

Additional details and Matlab codes are available upon request.
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modest.13 Furthermore, income is also taxed at a fairly low rate of 7.28%. The government
budget constraint (13) then implies the lump-sum transfer is negative: all individuals pay
a lump-sum tax that corresponds to approximately 3.77% of average income.14 Perhaps
surprisingly, the optimal tax system under a utilitarian criterion is less redistributive than the
current system: compare columns two and three. This is no longer the case if the government
has a Rawlsian objective and attempts to maximize the well-being of low-skilled workers.
In this case, the optimal food subsidy is 12.32%. A Rawlsian planner thus uses larger food
subsidies to boost the wage of low-skilled workers. The optimal tax rate on labor income,
in turn, is 18.04% and individuals receive a lump-sum transfer that corresponds to 4.67% of
average income. All these figures are larger than their counterparts in the baseline: compare
columns two and five.
It appears that the current policy lies somewhat in between the one that would be chosen
by a utilitarian and the one that would be chosen by a Rawlsian planner. This is confirmed
in Section 6.3, where we show that, starting from the current system, the room for Pareto
improvements is limited. Despite this, we want to stress that the reasons we observe food
subsidies in practice are likely to be very different from the considerations discussed in the
above. For example, governments may introduce these subsidies under pressure from interest
groups. Lopez et al. (2017) study changes in China’s agricultural subsidies, and find that
larger and more geographically concentrated parts of the agricultural sector are subsidized
at a higher rate. Whatever explains the set of policies currently in place, our results should
not be read as an attempt to rationalize them.
The columns labeled ‘Uniform’ show the results under the often-voiced advice that all goods
should be taxed at the same rate and hence, food subsidies should be abandoned. To that end,
we impose the restriction τa = 0 and solve for the constrained optimal policies. Comparing
the results with the unconstrained policies, we see that the optimal tax rate on labor income
is lower under both welfare criteria. Intuitively, there is no need to finance food subsidies.
This also explains why the optimal lump-sum tax is smaller under the utilitarian objective,
and why the optimal lump-sum transfer is larger under the Rawlsian criterion.
The fourth, fifth and sixth row of Table 3 illustrate the mechanism through which food
subsidies improve welfare. The first of these shows the skill premium under a utilitarian
13

We verify numerically that optimal food subsidies are zero if low-skilled workers do not have a compar-

ative advantage in the production of agricultural goods, i.e., if γa = γn . In this case, there are still general
equilibrium effects in the sense that prices are endogenous to tax policy (as ρ  ∞), but food subsidies are
ineffective at raising the wage of low-skilled workers relative to that of high-skilled workers.
14

The lump-sum tax does not translate into negative consumption, as there are no individuals with zero

income. The reason why the lump-sum transfer is negative is that the revenue requirement G is fairly sizable.
Without a revenue requirement, the lump-sum transfer is positive.
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and Rawlsian objective, with (‘Uniform’) and without (‘Optimal’) imposing the restriction
that τa = 0. If a utilitarian government follows a uniform consumption tax policy, the skill
premium is approximately 1.53. If the government can also optimize food subsidies, the skill
premium decreases by 0.53 percentage points (although it stays at 1.53 when rounding to
two digits). The decrease for a Rawlsian planner is somewhat more pronounced. Starting
from the constrained optimum with uniform consumption taxes, optimizing food subsidies
generates a 1.39 percentage point reduction in the skill premium (to 1.50).
Significant changes in the size of the agricultural sector drive these decreases in the skill
premium, as illustrated by the fifth and sixth row of Table 3. These rows show the share of
agriculture in GDP and the fraction of low-skilled workers that are employed in agriculture.
Under a utilitarian objective, optimal food subsidies raise the agricultural share in GDP by
0.34 percentage points (to 24.88%) compared to the uniform case. Similarly, the fraction of
low-skilled workers employed in agriculture increases by 0.37 percentage points (to 28.59%).
As before, the increases are larger if the government has a Rawlsian objective. In that case,
optimal food subsidies increase the agricultural share in GDP by 0.92 percentage points (to
25.62%) and the fraction of low-skilled workers employed in agriculture by 1.02 percentage
points (to 29.41%).
The last row of Table 3 shows the welfare gains that can be obtained from using food subsidies
or, equivalently, the welfare costs of following a uniform consumption tax policy. Specifically,
starting from the constrained optimal policy with τa = 0, the government is indifferent between optimizing food subsidies and increasing the consumption aggregate C(ca,i , cn,i ) of all
individuals by the reported consumption equivalent gain. As Table 3 shows, the welfare gains
are modest. A utilitarian government is indifferent between using food subsidies and increasing everyone’s consumption aggregate by 0.01%.15 Not surprisingly, this figure is larger for a
Rawlsian government, which also uses larger food subsidies (see the first row). Starting from
a uniform tax policy with τa = 0, a Rawlsian government is indifferent between optimizing
food subsidies and increasing everyone’s consumption aggregate by 0.07%.
The finding that food subsidies generate modest welfare gains does not mean that the welfare costs of setting suboptimal food subsidies are generally small. Figure 1 illustrates this
point. It plots, for both a utilitarian and a Rawlsian criterion, the welfare costs of setting
τa ∈ [−0.6, 0.6]. To that end, we fix τa at a particular value on the horizontal axis and optimize with respect to the labor income tax τy and the lump-sum transfer T . The vertical axis
then measures by how much welfare would increase if the government could also optimize
15

Note from equation (2) that increasing an individual’s consumption aggregate C(ca,i , cn,i ) by x% is

equivalent to increasing her consumption of non-agricultural goods cn,i and agricultural goods net of the
subsistence level ca,i − ca by x%. The required increase in gross consumption cn,i and ca is slightly smaller.
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food subsidies. Naturally, the welfare costs are zero if τa is restricted at its optimal value,
–4.68% for a utilitarian and –12.32% for a Rawlsian government. Furthermore, the costs of
following a uniform consumption tax policy with τa = 0 are 0.01% (0.07%) in consumption
equivalent gains for a utilitarian (Rawlsian) government, see also Table 3. These numbers
are substantially larger if food subsidies are severely mis-optimized. Specifically, a utilitarian
(Rawlsian) government that faces the constraint τa = −0.6 is indifferent between optimizing food subsidies (i.e., abandoning this constraint) and increasing everyone’s consumption
aggregate by 3.09% (2.42%).

Figure 1: Welfare costs of suboptimal food subsidies

5.2

Robustness

Our optimal tax analysis indicates that general equilibrium effects rationalize food subsidies
in the order of 5%–12% and that food subsidies generate modest welfare gains, in the range of
increasing everyone’s consumption aggregate by 0.01%–0.07%. This section investigates the
robustness of these results by varying the elasticity of substitution i) between skill types in the
production of both agricultural and non-agricultural goods (ρ) and ii) between agricultural
goods and non-agricultural goods in the consumption aggregate ().
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5.2.1

Strength of general equilibrium effects (ρ)

How wages respond to a change in the food subsidy critically depends on the elasticity of
substitution between high-skilled and low-skilled labor, as captured by ρ. If it is very easy
to substitute between skill types (i.e., if ρ is large), the skill premium hardly responds to a
change in the food subsidy. In our baseline calibration, we use an elasticity of substitution
of ρ = 1.4. This figure is based on Katz and Murphy (1992), who relate changes in the skill
premium to changes in the supply of college and non-college graduates in the US. Ciccone
and Peri (2005) use variation in child labor and compulsory school attendance laws across
US states and arrive at a very similar estimate of around 1.5. Evidence from the immigration
literature points to somewhat larger values. In a survey on the topic, Card (2009) suggests a
value between 1.5 and 2.5. Findings for less-developed countries also fall within that range.
For example, Angrist (1995) and Behar (2009) find a value of approximately two.

Figure 2: Optimal food subsidy for different values of ρ
Because our results are likely to be sensitive to this elasticity, we redo our analysis with
different values of ρ. The remaining parameters are then set to match the moments outlined
in Table 2. Figure 2 plots the optimal food subsidy for different values of ρ ∈ [1.0, 3.5],
both for a utilitarian and Rawlsian welfare function.16 As can be seen from the figure, the
16

The vertical line shows the baseline calibration with ρ = 1.4. In this case, the optimal food subsidy is

4.68% (12.32%) under the utilitarian (Rawlsian) criterion: see Table 3.
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optimal food subsidy is declining in the elasticity of substitution ρ. This is intuitive: the
benefits of using food subsidies are smaller if it is easier to substitute between high-skilled
and low-skilled workers. In that case, the skill premium is not very responsive to a change in
the food subsidy. Furthermore, for each value of ρ, the optimal food subsidy is larger under
a Rawlsian than under a utilitarian objective. That is in line with the finding from Table 3.
A Rawlsian planner cares only about the utility of the low-skilled workers. Consequently, it
uses larger food subsidies in order to boost the wages of these workers. For plausible values
of ρ (from 1.0 to 2.5), the optimal food subsidy does not exceed 16.9% if the government
has a Rawlsian objective and does not fall below 2.6% if the government has a utilitarian
objective.

Figure 3: Welfare gains of food subsidies for different values of ρ
Figure 3 shows the welfare gains from using food subsidies for different values of ρ. It plots
the percentage increase in the consumption aggregate that makes the government indifferent
between this increase and optimizing food subsidies (starting from τa = 0). The corresponding figures in the baseline calibration can be found in the last row of Table 3. The graph looks
similar to that of optimal food subsidies. In particular, the welfare gains from food subsidies
are decreasing in the elasticity of substitution between high-skilled and low-skilled labor.
Intuitively, there is less to gain from food subsidies if it is very easy to substitute between
the different skill types. Moreover, the welfare gains are larger for a Rawlsian planner, who
uses larger food subsidies in order to boost the wages of low-skilled workers. The welfare
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gains are modest in all cases: for all values of ρ considered, optimizing food subsidies leads
to a welfare gain equivalent to increasing everyone’s consumption by at most 0.13%.

5.2.2

Strength of consumption responses ()

The extent to which individuals change their consumption mix in response to a change in the
food subsidy critically depends on , which measures the elasticity of substitution between
agricultural goods above the subsistence level and non-agricultural goods. Our baseline calibration employs a value of  = 0.5. The literature on structural transformation consistently
finds values between zero and one, depending, among other things, on whether sectors are
characterized as value added or final expenditure categories. Some recent examples include
Acemoglu and Guerrieri (2008), Rogerson (2008), Buera and Kaboski (2009), Herrendorf
et al. (2013), Stefanski (2014) and Moro et al. (2017). Because the change in the consumption mix is key to determining the general equilibrium effects, we calculate the optimal
food subsidy and welfare gains for different values of  ∈ [0.3, 1.1]. As before, the remaining
parameters are set to match the moments from Table 2.

Figure 4: Optimal food subsidy for different values of 
Perhaps surprisingly, Figure 4 shows that the optimal food subsidy is not sensitive at all
to the degree of substitutability between agricultural and non-agricultural goods. For each
value of  considered, the optimal food subsidy is slightly below 5% under a utilitarian
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criterion and slightly above 12% under a Rawlsian criterion – as in the baseline calibration
with  = 0.5. The reason why the optimal food subsidy hardly responds to the degree of
substitutability between agricultural and non-agricultural goods is that both the marginal
costs and the marginal benefits of food subsidies are increasing in . As explained earlier, a
larger food subsidy leads to inefficiently high levels of food consumption, but also reduces the
skill premium. By how much the skill premium declines depends critically on the increase in
the demand for agricultural goods following a rise in the subsidy. The optimal food subsidy
then strikes a balance between the marginal distributional benefits that come from general
equilibrium effects and the marginal costs of distorting consumption decisions. Both the
benefits and the costs are larger if individuals find it easier to substitute between agricultural
and non-agricultural goods. On balance, the optimal food subsidy is not sensitive to .

Figure 5: Welfare gains of food subsidies for different values of 
According to Figure 5, the welfare gains of using food subsidies are larger if it is easier to
substitute between agricultural and non-agricultural goods. Recall that the welfare gains are
calculated by comparing the unconstrained optimum to the constrained optimum (where τa =
0). Welfare gains of food subsidies are increasing in  for the following reason. When the food
subsidy is optimal, the marginal distributional benefits that come from general equilibrium
effects are equal to the marginal costs of distorting consumption decisions. However, inframarginally, i.e., between τa = 0 and its optimal value, the marginal benefits of increasing the
food subsidy exceed the marginal costs. Naturally, the total benefits of using food subsidies
are larger if an increase in the food subsidy leads to a larger increase in the demand for
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agricultural goods. This is the case when it is easier to substitute between agricultural and
non-agricultural goods. It follows that the welfare gains of using food subsidies increase in .
However, these welfare gains remain very modest throughout. For plausible values of , they
do not exceed 0.14% in consumption equivalents for the Rawlsian criterion, and are much
smaller if the government has a utilitarian objective.

5.3

Nonlinear income taxes

So far, we have considered linear income tax schedules only: this is the most relevant case in
countries with capacity constraints in taxation. We now ask what the optimal food subsidy
is when the government can levy a nonlinear tax on labor income. This is the case theoretically analyzed in Naito (1999). Appendix C derives the formula for the optimal tax τa on
agricultural products if the government levies a nonlinear income tax.
If we denote by T (·) the tax schedule that is levied on labor income wi `i , the budget constraint of an individual with skill type i ∈ {L, H} is
pa (1 + τa )ca,i + cn,i = wi `i − T (wi `i ).

(22)

Clearly, the specification from equation (22) nests the baseline from Section 2 as a special
case, with T (wi `i ) = −T + τy wi `i . Solving the utility maximization problem leads to firstorder conditions that are almost identical as before. The only difference is that τy in equation
(5) is replaced by T 0 (wi `i ), which potentially varies across skill types.
When the government can levy a nonlinear tax on labor income, it no longer faces the constraint that both skill types pay the same marginal tax rate. Instead, how much redistribution
can be achieved is restricted by incentive constraints, see Mirrlees (1971) and Stiglitz (1982).
The incentive constraints state that an individual of skill type i ∈ {L, H} should not prefer
to earn the same labor income (and hence, pay the same tax liability) as an individual of
skill type j 6= i.17 Formally, for both i 6= j, the following condition must hold:
u(ca,i , cn,i ) + v(`i ) ≥ u(ca,j , cn,j ) + v(wj `j /wi ).

(23)

In words, the utility an individual of type i attains when choosing her own bundle should be at
least as large as the utility she attains when mimicking the other type. We verify numerically
that only the incentive constraint of the high-skilled workers binds. Hence, what ultimately
puts a constraint on how much the government can redistribute is that the high-skilled, who
17

The fact that the utility function is separable between consumption and labor supply ensures that, if

individuals with different skill types earn the same labor income, they also purchase the same amount of
agricultural and non-agricultural goods.
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earn a wage wH > wL , should not prefer to earn the same income as the low-skilled by
reducing their labor supply.
We numerically solve the optimal tax problem and summarize the findings in Table 4. The
parameterization is the same as in the baseline results (including a linear tax schedule).
Focusing on the main results, we find that the optimal food subsidy is smaller than in the
baseline calibration where the government levies a linear tax on labor income. It equals 1.42%
if the government has a utilitarian objective and 5.94% if the government has a Rawlsian
objective, compared to 4.68% and 12.32% with linear taxes. Apparently, the scope for using
food subsidies to indirectly redistribute income through general equilibrium effects is smaller
when the government can levy a nonlinear tax on labor income. In line with that finding, the
welfare gains from using food subsidies are smaller as well. In particular, the welfare gain
under a utilitarian criterion is a mere 1E-3% in consumption equivalents and 0.01% under a
Rawlsian criterion, compared to 0.01% and 0.07% with linear taxes.
Utilitarian

Rawlsian

–1.42%

–5.94%

3.86%

13.82%

Marginal tax rate for the H-type (T 0 (wH `H ))

–6.58%

–27.23%

Consumption equivalent gain

1E-3%

0.01%

Tax on agricultural goods (τa )
Marginal tax rate for the L-type (T

0 (w

L `L ))

Table 4: Optimal policy under a nonlinear income tax
The reason why food subsidies are less useful when the government can levy a nonlinear
tax on labor income is that the government already uses income taxes to exploit general
equilibrium effects for redistributive purposes. To see this, consider the marginal tax rates
reported in the table. Under both a utilitarian and a Rawlsian criterion, the optimal marginal
tax rate faced by low-skilled workers is positive, whereas the optimal marginal tax rate faced
by high-skilled workers is negative.18 This finding goes back to Stiglitz (1982), who formally
shows these properties in a model with a single consumption good and endogenous wages
that are derived from an aggregate production function.
To understand these properties of the optimal tax schedule, note that a positive marginal tax
rate for low-skilled workers reduces their labor supply. This lowers their labor income, which
makes it less attractive for a high-skilled worker to mimic a low-skilled worker. Furthermore,
the reduction in labor supply also raises the wage wL of low-skilled workers. By contrast, the
18

These properties do not say anything about the level of taxes, i.e., about average tax rates. For instance,

if G = τa = 0, low-skilled workers typically receive a transfer that is financed by taxes on high-skilled workers.
In that case, the average tax rate faced by the low-skilled (high-skilled) is negative (positive), even though
the marginal tax rate for this type is positive (negative).
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negative marginal tax rate for high-skilled workers raises their labor supply, which lowers
the wage wH . Both forces contribute to a reduction in the skill premium. Specifically, at
the optimal allocation with a nonlinear income tax, the skill premium is approximately 1.45
under a utilitarian criterion and 1.37 under the Rawlsian criterion (not displayed). A lower
skill premium again makes it less attractive for a high-skilled worker to mimic a low-skilled
worker by earning the same labor income. Hence, both the positive marginal tax rate for
low-skilled workers and the negative marginal tax rate for high-skilled workers relax the
incentive constraint (23), which raises welfare ceteris paribus.
The above discussion makes clear that, when the government has access to a nonlinear
income tax on labor income, it already exploits general equilibrium effects for redistributive
purposes. This significantly reduces the need for the government to use food subsidies to
further reduce the skill premium. As a result, both the optimal food subsidy and the welfare
gains from using them are much smaller when the government can levy a nonlinear tax on
labor income. Despite this, we still find that there is a role for food subsidies, albeit smaller
than in the baseline where the government can only levy a linear tax on labor income.

6

Tax reforms

The previous results concern the optimal tax system. We now connect these results to the
three components identified in Proposition 1. Doing so highlights that general equilibrium
effects are of the same magnitude as the more standard direct and behavioral effects. Thereafter, we use a similar decomposition to study the welfare effect of a reduction in the food
subsidy, now starting from the current tax system. Our results suggest that ignoring general
equilibrium effect can easily lead policymakers astray. Lastly, we ask whether it is possible
to reform the current tax system in a Pareto-improving way. We find that it is, but that the
scope for such improvements is limited.

6.1

Decomposing the optimal tax formula

The previous section demonstrated that the welfare gains from optimizing food subsidies are
modest. This, however, does not mean that general equilibrium effects are small relative to
the more standard direct and behavioral effects that often show up in optimal tax formulas,
see for example Saez (2001) and Chetty (2009). To illustrate this, we consider a small increase
in τa (i.e., a small reduction in the food subsidy), starting from the optimal tax system under
either utilitarian or Rawlsian preferences. Recall from Proposition 1 that the welfare effect
of an increase in τa can be decomposed as follows:
∂W 1
= DE + BE + GE.
∂τa λ
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(24)

Table 5 shows the impact on welfare that these direct, behavioral, and general equilibrium
effects have – both for a utilitarian and a Rawlsian criterion. As the proposition requires,
the sum of these effects is equal to zero at the optimal tax system. Unfortunately, there is no
straightforward way to interpret these numbers.19 One can, however, meaningfully interpret
the sign of each component, as well as compare their magnitude.
Criterion

DE

BE

GE

Utilitarian

–0.05

0.26

–0.21

Rawlsian

–0.13

0.72

–0.59

To facilitate readability, all effects are
multiplied by a factor 100.

Table 5: Decomposing equation (18)
Under both specifications of the welfare function, the direct welfare effect of a reduction in
the food subsidy is negative at the optimum. Hence, the distributional benefits of paying
lower subsidies to high-skilled workers do not outweigh the costs of paying lower subsidies to
low-skilled workers. The reason is that food enters the utility function as a necessity: ca > 0.
A lower subsidy on a necessity disproportionately harms individuals with a lower income,
i.e., the low-skilled. Considering the direct effect alone, lowering the subsidy on food thus
comes at a welfare cost.
The welfare effect due to the behavioral responses is positive at the optimum, under both
specifications of the welfare function. A lower subsidy on agricultural goods causes individuals
to cut back on food consumption. Given that food is optimally subsidized, the reduction in
food consumption by both low-skilled and high-skilled individuals generates a positive fiscal
externality. The term BE captures the associated welfare effect.
A reduction in the food subsidy also induces general equilibrium effects. Under both criteria,
the associated impact on welfare is negative. This is intuitive: a higher τa (i.e., a lower food
subsidy) reduces the demand for agricultural goods and thereby the demand for low-skilled
workers. This, in turn, increases the skill premium. A higher skill premium has adverse
distributional effects and thus leads to a reduction in welfare ceteris paribus. At the optimal
tax system, the negative welfare impact of the general equilibrium effect exactly offsets the
direct and behavioral effects.
The main insight from Table 5 is that the welfare effects due to general equilibrium responses
19

The numbers are obtained from dividing a change in welfare dW (measured in utils) by a change in the

tax rate dτa , scaled by the multiplier λ on the government budget constraint. To facilitate readability, all
numbers are subsequently multiplied by a factor 100.
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(a) Utilitarian criterion

(b) Rawlsian criterion

Figure 6: Decomposition of welfare gains
are of the same magnitude the direct and behavioral effects. Consequently, as we will demonstrate below, ignoring general equilibrium effects can easily lead policymakers astray when
judging the desirability of a reduction in the food subsidy.
Figure 6 demonstrates how the direct, behavioral and general equilibrium effects jointly
determine the optimal food subsidy. Starting at any value of τa ∈ [−0.6, 0.6], it plots the
direct, behavioral and general equilibrium effects associated with a small reduction in the
food subsidy. To do so, we first fix τa and optimize with respect the tax rate τy on labor
income and the lump-sum transfer T . After that, we calculate the effects associated with a
small increase in τa . Naturally, at the optimal food subsidy the total welfare effect is equal
to zero (this point is indicated by thin, vertical lines). By contrast, the total welfare effect
of raising τa is positive (negative) at low (high) values of τa .
Starting from uniform consumption taxes (τa = 0), the general equilibrium effects make
it worthwhile to marginally increase the subsidy (i.e., to lower τa ). As the food subsidy
increases, however, the consumption distortions measured by the behavioral effects increase
as well, at an increasing rate (Harberger, 1964). This makes further increases more and more
costly. At the optimum, the behavioral effects have become large enough to cancel out the
direct and general equilibrium effects, which change at a slower rate as τa is reduced. The
main difference between the utilitarian and the Rawlsian criterion is that general equilibrium
effects deliver larger welfare gains for a Rawlsian government, which makes for a larger
optimal food subsidy.
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6.2

Lowering the food subsidy

At the optimal tax system, the welfare impact of marginally increasing τa (i.e., reducing the
food subsidy) is equal to zero. We now use the decomposition from equation (24) to study
the welfare impact of lowering the food subsidy, starting from the current tax system.
To do so, we fix the lump-sum transfer T at its current value. After that, we calculate
the direct, behavioral and general equilibrium effects associated with a reduction in the food
subsidy from its current level, both for a utilitarian and a Rawlsian criterion.20 The reduction
in the food subsidy is rebated through a lower income tax rate to make sure the government
budget constraint is satisfied.21 Because taxes are away from the optimum, the welfare effect
of this reform is generally non-zero.
The results are shown in Table 6, for both the utilitarian and the Rawlsian criterion. As
is the case at the optimal tax system (see Table 5), the direct and general equilibrium
effects are negative, whereas the behavioral effects are positive. In line with what we found
before, general equilibrium effects are of the same magnitude as the more standard direct
and behavioral effects. Unlike before, however, the direct, behavioral and general equilibrium
effects no longer sum to zero. Instead, a reduction in the current food subsidy that is rebated
through a lower tax rate on labor income has a positive impact on welfare if the government
has utilitarian preferences, but a negative impact if the government has Rawlsian preferences.
This result should come as no surprise, as the current food subsidy lies in between these two.
Criterion

DE

BE

GE

Utilitarian

–0.17

0.57

–0.19

Rawlsian

–0.07

0.57

–0.60

To facilitate readability, all effects are
multiplied by a factor 100.

Table 6: Decomposing equation (24)
Table 6 also yields an example of how ignoring general equilibrium effects leads to wrong
policy conclusions. We focus on the case of Rawlsian preferences. The sum of the direct and
behavioral effects is positive: DE + BE > 0. Hence, ignoring general equilibrium effects
20

To obtain the welfare weights, we solve the optimal tax problem under the additional constraints that

both the food subsidy and the lump-sum transfer are kept at their current values.
21

If instead of the lump-sum transfer T , the tax rate τy on labor income is kept fixed (see the previous

footnote), the reduction in the food subsidy is rebated through a larger transfer. Because both the food
subsidy and the lump-sum transfer at the optimal tax system under the utilitarian (Rawlsian) criterion are
smaller (larger) than their current values, the results of that reform are less clear-cut.
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one would conclude that a reduction in the food subsidy is welfare-enhancing. However, the
total welfare effect of lowering the food subsidy is negative if general equilibrium effects are
taken into account: DE + BE + GE < 0. Thus, a Rawlsian policymaker who calculates the
first two components but ignores general equilibrium effects, will draw the wrong conclusion
about which direction of tax reform is preferable.

6.3

Pareto-improving reforms

So far, we have calculated optimal taxes assuming the government has either a utilitarian
or a Rawlsian objective. We finish by asking whether it is possible to reform the current
tax system in a Pareto-improving way. To that end, we numerically solve for the tax system
that maximizes the utility of a particular type (low-skilled or high-skilled), subject to the
requirement that the utility of the other type is the same as in the calibrated economy.
Table 7 shows that it is possible to reform the tax system in a Pareto-improving way. Maximizing the utility of either type subject to keeping the other’s utility fixed requires a small
reduction in the food subsidy, a tiny reduction in the tax on labor income and a small increase in the transfer (compared to their current values of τa = −10%, τy = 14.53% and
T /ȳ = 1.90%). The third column indicates that these reforms generate extremely small
welfare gains. In particular, maximizing the utility of the low-skilled (high-skilled) subject
to maintaining the other type’s current utility level leads to a welfare gain of only 4E-5%
(1E-3%) in consumption equivalents.
Improvement for L-type

Improvement for H-type

Tax on agricultural goods (τa )

–9.72%

–9.71%

Tax on labor income (τy )

14.52%

14.52%

Transfer/average income (T /ȳ)

1.96%

1.96%

Consumption equivalent gain

4E-5%

1E-3%

Table 7: Pareto-improving policies
At this point, it should be emphasized that it is somewhat coincidental that the welfare gains
are so small. The reason is that our calculations suggest that the current policy is not far
from being Pareto optimal. To illustrate, suppose that αL = 0.75 and αH = 1 − αL = 0.25.
Under these social preferences, the optimal tax rate on agricultural goods is τa = −9.75%
and the optimal tax rate on labor income is τy = 14.57%. These rates are Pareto optimal
(since they maximize a Paretian objective), and very close to current policies.22 We verify
22

Of course, the finding that the current policy is close to one that maximizes a Paretian objective does

not mean the current policy is close to maximizing social welfare. Making such a statement requires taking
a stance on the Pareto weights αL and αH , from which we refrain.

32

numerically that the scope for Pareto improvements is much larger if the current policy is
farther away from one that maximizes a Paretian objective.23

7

Discussion and conclusion

This paper investigates to what extent food subsidies are helpful as a means to indirectly
redistribute income. To do so, we analyze an economy with two types of labor (low-skilled and
high-skilled) and two goods (agriculture and non-agriculture). In our model, low-skilled labor
has a comparative advantage in the production of agricultural goods. An increase in food
subsidies raises the demand for agricultural goods and thereby the demand for low-skilled
labor. This reduces the skill premium and indirectly redistributes income from high-skilled
to low-skilled workers. We derive a sufficient statistics formula for the optimal food subsidy
that explicitly accounts for general equilibrium effects. Changes in equilibrium prices have
both fiscal and distributional effects, which the government should take into account when
designing food subsidies.
We then investigate the quantitative importance of this channel by calibrating our model
to the economy of China, the world’s largest subsidizer of agriculture (OECD, 2017). To
make sure that any role for food subsidies is driven by general equilibrium effects, we assume
preferences are separable between consumption and leisure and sub-utility of consumption
is of the Stone-Geary form, with food entering as a necessity. We parameterize our model
to match key moments on agricultural versus non-agricultural employment and individual
consumption patterns that we obtain from micro-level survey data (in particular the 2008
wave of the Chinese Household Income Project) and other sources.
Our findings suggest that general equilibrium effects rationalize food subsidies in the range
5%-12% depending on the redistributive preferences of the government, but that the welfare gains over uniform consumption taxation are small. We conduct further analysis and
robustness exercises in a number of directions. On the whole, these confirm our main conclusions. Furthermore, we analyze a number of tax reforms. We show that general equilibrium
effects are of the same magnitude as the more standard direct and behavioral effects that
often show up in optimal tax formulas (Saez, 2001 and Chetty, 2009). Consequently, as we
demonstrate, ignoring general equilibrium effects can lead policymakers astray when judging
the desirability of tax reforms.
Our analysis abstracts from a number of important adjustment margins. We have assumed
throughout that each worker’s skill type is determined exogenously and the size of each skill
group is fixed. Hence, a reduction in the skill premium driven by an increase in food subsidies
23

The results are available upon request.
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does not lead to different education choices. Allowing for an educational choice margin most
likely reduces the impact of food subsidies on wages. This, in turn, limits the scope for the
government to exploit general equilibrium effects for redistributive purposes (Saez, 2004). It
is unclear how large the impact of such adjustments would be. What is clear, however, is
that they are relevant only in the long run.
On another adjustment margin, we have taken the opposite stance. While each worker’s
skill type is fixed, she can freely move between sectors. One might also question that assumption on the grounds of moving frictions: the production of food mostly occurs in rural
environments, and that of non-food mostly in urban ones. Introducing costs of switching
between sectors likely strengthens the general equilibrium effects of food subsidies on wages
and hence, the importance of the mechanism we study. However, this would be most relevant
in the short run. In the long run, we do observe a large-scale reallocation of employment
between sectors (Herrendorf et al., 2014).
The economy we analyze is closed to trade with the outside world. In a small open economy,
none of the general equilibrium effects we study would be relevant, since prices are determined
on world markets. However, the price of agricultural goods in China appears very sensitive
to country-specific shocks.24 This is hardly surprising, considering that China is the world’s
largest producer of several agricultural goods. Furthermore, the vast majority of these goods
are not exported but instead consumed domestically (FAO, 2012). For these reasons, we
doubt that allowing for trade would significantly affect our results.25
Further research may clarify the role these adjustment margins play. In addition, it would
be interesting to see how our quantitative results are affected if we allow for a more realistic income distribution. Adding these features contributes to understanding how general
equilibrium effects shape optimal food subsidies, and consumption taxes more generally.
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A

Optimal tax formulas

The government chooses tax policy (τa , τy , T ) to maximize welfare (12), subject to the budget
constraint (13) and taking into account how equilibrium prices and quantities respond to
changes in the tax instruments. In Appendix B we restate the conditions which pin down
the equilibrium prices and quantities as a function of the tax instruments.
The Lagrangian of the government’s optimization problem is
 X
X
L=
µi αi Vi (τa , τy , T ) + λ τa
µi pa (τa , τy , T )ca,i (τa , τy , T )
i

i

+ τy

X


µi wi (τa , τy , T )`i (τa , τy , T ) − T − G ,

(25)

i

where the summation takes place over skill types i ∈ {L, H}. We explicitly account for the
dependency of the equilibrium prices and quantities on the tax instruments (τa , τy , T ). The
indirect utility function Vi is given by

Vi (τa , τy , T ) = max
u(ca,i , cn,i ) + v(`i )
ca,i ,cn,i ,`i ,ηi

i
+ ηi T + wi (τa , τy , T )(1 − τy )`i − cn,i − pa (τa , τy , T )(1 + τa )ca,i ,
h

(26)

where ηi is the multiplier on the individual budget constraint. From the first-order condition
with respect to cn,i , at the optimum the latter coincides with the marginal utility of nonagricultural consumption: un,i = ηi . To determine how a change in the tax instruments affects
individual utility Vi , differentiate equation (26) with respect to the policy instruments. By
the envelope theorem,


∂wi
∂pa
∂Vi
= ηi − pa ca,i + (1 − τy )`i
− (1 + τa )ca,i
,
∂τa
∂τa
∂τa
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(27)



∂Vi
∂wi
∂pa
= ηi − wi `i + (1 − τy )`i
− (1 + τa )ca,i
,
∂τy
∂τy
∂τy


∂Vi
∂wi
∂pa
= ηi 1 + (1 − τy )`i
− (1 + τa )ca,i
.
∂τa
∂T
∂T

(28)
(29)

Turning to the optimal tax problem, the first-order conditions associated with the Lagrangian
(25) are:
X
 X

X
∂L X
∂Vi
∂ca,i
∂`i
=
µi α i
+λ
µi pa ca,i + τa
µi p a
+ τy
µi wi
∂τa
∂τa
∂τa
∂τa
i
i
i
i

 X
X
∂wi
∂pa
+ τy
µi ` i
= 0,
+ τa
µi ca,i
∂τa
∂τa
i
i
X
 X

X
∂L X
∂Vi
∂`i
∂ca,i
=
µi α i
+λ
µi wi `i + τa
+ τy
µi w i
µi pa
∂τy
∂τy
∂τy
∂τy
i
i
i
i
 X

X
∂pa
∂wi
+ τa
µi ca,i
+ τy
µi ` i
= 0,
∂τy
∂τy
i
i

 X

X
∂L X
∂Vi
∂ca,i
∂`i
=
µi α i
+ λ − 1 + τa
+ τy
µi wi
µi pa
∂T
∂T
∂T
∂T
i
i
i
 X

X
∂pa
∂wi
+ τy
µi ` i
+ τa
µi ca,i
= 0,
∂T
∂T
i
i
X
X
∂L
= τa
µi pa ca,i + τy
µi wi `i − T − G = 0.
∂λ
i
i

(30)

(31)

(32)
(33)

Combined, these equations pin down optimal tax policy (τa , τy , T ) together with the multiplier λ on the government budget constraint.
To derive the optimal tax formulas, substitute out for the impact of the tax instruments
on individual utility using equations (27)–(29) in equations (30)–(32) and use the first-order
condition from the individual maximization problem ηi = un,i . Rearranging gives:
 X

X
X
∂ca,i
∂`i
+ τy
µi w i
µi (λ − αi un,i )pa ca,i + λ τa
µi pa
∂τa
∂τa
i
i
i
X

∂pa X
∂wi
+
µi (λτa − αi un,i (1 + τa ))ca,i
+
= 0,
µi (λτy + αi un,i (1 − τy ))`i
∂τa
∂τa
i
i
 X

X
X
∂ca,i
∂`i
+ τy
µi wi
µi (λ − αi un,i )wi `i + λ τa
µi pa
∂τy
∂τy
i
i
i
X

∂pa X
∂wi
+
µi (λτa − αi un,i (1 + τa ))ca,i
+
µi (λτy + αi un,i (1 − τy ))`i
= 0,
∂τ
∂τ
y
y
i
i
 X

X
X
∂ca,i
∂`i
+ τy
µi w i
µi (αi un,i − λ) + λ τa
µi pa
∂T
∂T
i
i
i
X

∂pa X
∂wi
+
µi (λτa − αi un,i (1 + τa ))ca,i
+
µi (λτy + αi un,i (1 − τy ))`i
= 0.
∂T
∂T
i
i
38

(34)

(35)

(36)

To arrive at equation (18) from Proposition 1, divide equation (34) by λ and use the definition
of the welfare weights gi =
X
|i

αi un,i
:
λ


µi (1 − gi )pa ca,i + τa

X
i

{z

}

|


X
∂ca,i
∂`i
µi p a
+ τy
µi wi
∂τa
∂τa
i
{z
}

BE
 XDE

∂pa X
∂wi
+
µi (τa − gi (1 + τa ))ca,i
+
µi (τy + gi (1 − τy ))`i
= 0.
∂τa
∂τa
i
i
|
{z
}

(37)

GE

A similar expression can be derived for the optimal tax on labor income τy and the optimal
transfer T by dividing equations (35)–(36) by λ:
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X
X
∂ca,i
∂`i
µi (1 − gi )wi `i + τa
µi p a
+ τy
µi w i
∂τy
∂τy
i
i
i
X

∂pa X
∂wi
+
µi (τa − gi (1 + τa ))ca,i
+
µi (τy + gi (1 − τy ))`i
= 0,
∂τ
∂τ
y
y
i
i
 X

X
X
∂ca,i
∂`i
µi (gi − 1) + τa
µi pa
+ τy
µi w i
∂T
∂T
i
i
i
X

∂pa X
∂wi
+
µi (τa − gi (1 + τa ))ca,i
+
µi (τy + gi (1 − τy ))`i
= 0.
∂T
∂T
i
i

(38)

(39)

As stated earlier, together with the government budget constraint (33), the optimal tax
formulas (37)–(39) jointly pin down the optimal policy (τa , τy , T ) and the multiplier λ. These
equations feature the impacts of the tax instruments on equilibrium prices and quantities.
Below we restate the conditions that can be used to determine these effects.

B

Equilibrium given tax policy

The following conditions pin down the equilibrium consumption and labor supply decisions
{(ca,L , cn,L , `L ), (ca,H , cn,H , `H )}, labor inputs {(La , Ha ), (Ln , Hn )} and prices (pa , wL , wH ) for
a given tax policy (τa , τy , T ). Hence, these equations can be used to determine how equilibrium prices and quantities vary with the tax instruments. These are the partial effects that
show up in the optimal tax formulas (37)–(39).
From the household maximization problem, for each i ∈ {L, H},
C(ca,i , cn,i )−σ
ψ(1 − `i )−φ
=
,
P
wi (1 − τy )
1−ω
(ca,i − ca )(pa (1 + τa )) ,
cn,i =
ω
pa (1 + τa )ca,i + cn,i = T + wi (1 − τy )`i ,
39

(40)
(41)
(42)

where C(ca,i , cn,i ) and P are as defined in equation (2) and (6), respectively. From the firm’s
problem, for each j ∈ {a, n},
1
−1
Yj ρ
γj Lj ρ ,
wL = pj Aj
Aj
  ρ1
−1
Yj
(1 − γj )Hj ρ ,
wH = pj Aj
Aj


(43)
(44)

where outputs Ya and Yn are determined from equation (7) and pn = 1 as a normalization.
Labor and agricultural goods market clearing, in turn, requires
La + Ln = µL `L ,

(45)

Ha + Hn = µH `H ,

(46)

Ya = µL cL,a + µH cH,a .

(47)

Combined, equations (40)–(47) constitute a system of 13 equations in 13 unknowns (recall:
there are two sectors and skill types), which pin down the equilibrium quantities and prices
for a given tax policy (τa , τy , T ). As such, this system can be used to determine the impact
of the tax instruments on equilibrium outcomes which show up in the optimal tax formulas
(37)–(39), for example by implicit differentiation. Doing so, however, leads to complicated
expressions involving many terms. For this reason, we prefer to express the optimal tax
formulas in terms of direct, behavioral and general equilibrium effects.
It is worth pointing out that G does not show up in the above system. Hence, for a particular
choice of the tax instruments (τa , τy , T ), the value of G must be such that the government
budget constraint (or equivalently, by Walras’ law, the market-clearing condition for nonagricultural goods) is satisfied as well. This is why in the optimal tax problem studied above,
the government budget constraint is explicitly taken into account, while the equilibrium
conditions (40)–(47) are summarized through reduced-form relationships that highlight the
dependency of the equilibrium prices and quantities on tax policy (τa , τy , T ).

C

Optimal food subsidy with a nonlinear income tax

Suppose the government can levy a nonlinear tax T (·) on labor income wi `i , which may
include a lump-sum transfer. The equilibrium given tax policy is then described by equations
(40)–(47), with equations (40) and (42) replaced by, respectively,
ψ(1 − `i )−φ
C(ca,i , cn,i )−σ
=
,
P
wi (1 − T 0 (wi `i ))

(48)

pa (1 + τa )ca,i + cn,i = wi `i − T (wi `i ).

(49)
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See also the discussion in Section 5.3. Together, equations (41) and (43)–(49) pin down all
equilibrium quantities and prices given, among other things, the tax τa on agricultural goods.
The government budget constraint (13), in turn, is replaced by
τa

X

µi pa ca,i +

i

X

µi T (wi `i ) = G.

The Lagrangian of the government’s optimization problem then reads
 X

X
X
L=
µi αi Vi (τa ) + λ τa
µi pa (τa )ca,i (τa ) +
µi T (wi (τa )`i (τa )) − G ,
i

(50)

i

i

(51)

i

where we highlight the dependency of equilibrium prices and quantities on τa . Moreover, the
indirect utility function is

Vi (τa ) =

max

ca,i ,cn,i ,`i ,ηi

u(ca,i , cn,i ) + v(`i )

i
+ ηi wi (τa )`i − T (wi (τa )`i ) − cn,i − pa (τa )(1 + τa )ca,i ,
h

(52)

which is the counterpart of equation (26). The formula for the optimal tax τa on agricultural
goods can then be derived using exactly the same steps as in Appendix A. The corresponding
optimal tax formula is
X


µi (1 − gi )pa ca,i + τa

i

i

|

X

{z

}

|


∂ca,i X
∂`i 0
µi p a
+
µi wi
T (wi `i )
∂τa
∂τa
i
{z
}

BE

 XDE
X
∂wi
∂pa
0
0
+
µi (T (wi `i ) + gi (1 − T (wi `i )))`i
+
µi (τa − gi (1 + τa ))ca,i
= 0. (53)
∂τa
∂τa
i
i
|
{z
}
GE

The only difference between this result and the optimal tax formula (37) when the government levies a linear tax on labor income (which is also stated in Proposition 1) is that the
marginal tax rate on labor income τy is replaced by T 0 (wi `i ), which potentially varies across
skill types. Intuitively, both the fiscal externalities associated with wage and labor supply
responses as well as the impact of a change in the wage on indirect utility depend on the
marginal tax rate T 0 (wi `i ).
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