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• Nominal intermediate input intensity in agricultural and productivity are highly correlated.
• Price distortions cannot generate cross-country variation of nominal intermediate input intensity.
• Explicit distortions are quantitatively important to account for international productivity differences.
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a b s t r a c t

Agricultural productivity is important in accounting for international income differences. Both real and
nominal intermediate input intensity in agriculture are highly positively correlated with agricultural
productivity across countries. However, models with only exogenous price variations are not able to
generate any cross-country variation of nominal intermediate input intensity. Therefore, structures that
can generate variations in nominal intermediate input intensity are needed in these models. We add a
minimum structure to such a model and show that intermediate inputs could account for substantially
more cross-country differences in both agricultural and aggregate productivity.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Agriculture is crucial for understanding international income
differences (Caselli, 2005; Restuccia et al., 2008; Gollin et al., 2014).
Agricultural productivity is extremely low in poor countries in
which most employment works in agriculture. Restuccia et al.
(2008) document that the real intermediate input–output ratio in
agriculture is highly positively correlated with agricultural pro-
ductivity across countries.1 Quantitatively, they find intermediate
inputs only play a small role in accounting for both agricultural
and aggregate productivity differences across countries. In their
model, the income share of intermediate inputs in the aggregate
production technology is identical across countries and this struc-
ture generates no variation in international nominal intermediate
input–output ratios in agriculture, even though there are large
cross-country price distortions. However, as shown in Fig. 1, the
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1 Donovan (2016) document that both the real and nominal intermediate input–

output ratio in agriculture, are highly positively correlated with GDP per capita
across countries.

nominal intermediate input–output ratio is also highly positively
correlated with agricultural productivity across countries.2

Therefore, more structure is needed in Restuccia et al. (2008)’s
model in order to be consistent with our empirical finding in Fig. 1.
What happens if the nominal intermediate input–output ratios
in agriculture generated in the model can match their empiri-
cal counterparts? In this case, since poor countries have smaller
income shares of intermediate inputs in agriculture, less inter-
mediate inputs and more labor will be used for the agricultural
good production. This implies that cross-country differences of
the real agricultural intermediate input–output ratio in the model
would be larger. Hence, cross-country agricultural productivity
differences generated by the model would be larger as well. We
illustrate the mechanism in detail in Section 2.

To quantify the effect of intermediate inputs in accounting
for cross-country productivity differences, we consider a country-
specific explicit distortion on intermediate inputs in agriculture
in Restuccia et al. (2008)’s model. We then calibrate this distortion

2 The cross-country nominal intermediate input to output ratio and agricultural
output per worker in 1985 are calculated from the data reported by Rao (1993),
which is the same source of Restuccia et al. (2008).
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Fig. 1. Nominal Intermediate Input to Output Ratio (1985).
Source: Data source: Rao (1993).

tomatch the nominal intermediate input intensity in each country.
Quantitatively, we find adding this structure could improve the
performance of their model substantially. In particular, the mod-
ified model can account for 70 percent and 50 percent of cross-
country differences in agricultural and aggregate productivity, re-
spectively. Notice that Restuccia et al. (2008) accounts for only 20
percent and 30 percent of these differences.

The remainder of this paper is organized as follows. Section 2
describes the model and illustrates the intuition. Section 3 con-
ducts quantitative analyses. Section 4 concludes.

2. Model

In this section, we briefly describe the model of Restuccia et al.
(2008). Consider a two-sector economy in which each sector pro-
duces one good: the agricultural good a and the non-agricultural
good n. The representative household has the following Stone-
Geary preference:

a log (ca − ā) + (1 − a) log cn, (1)

where a ∈ (0, 1) is the weight parameter and ā is the subsistence
requirement of the agricultural good. The households supply total
labor N inelastically. Let Yi and Li be the output and the labor input
in sector i ∈ {a, n}. The production of the agricultural good uses
land input Z and a non-agricultural intermediate input X:

Ya = Xα
(
Z1−σ (κALa)σ

)1−α
,

where 0 < σ < 1, 0 < α < 1, κ is the sector-specific productivity
in agriculture, and A is the economy-wide productivity (TFP). In
our quantitative analysis, the income share of intermediate inputs
α will be country-specific. The production technology of the non-
agricultural good is linear:

Yn = ALn.

All markets are competitive and we let the non-agricultural good
be the numeraire. Let pa, wa, and π denote the prices of the agri-
cultural good, labor and the intermediate input, respectively. Due
to the friction in the labor market, assume that wa = (1 − θ) wn,
where 0 < θ < 1 and wn is the wage rate in non-agriculture.

To generate cross-country nominal intermediate input inten-
sity, we add an explicit distortion τ on intermediate inputs in
agriculture. Hence, the essential price of intermediate inputs is
(1 + τ) π .

2.1. Intuition

To illustrate how matching the nominal intermediate input
intensity changes the quantitative results, consider a special case
of the model. In particular, assume a = 0.3 In this case, only the
subsistence agricultural goods consumption is needed, i.e. ca = ā.
Notice that agricultural good market clearing condition requires
Ya = Nā. The first-order conditions in agriculture imply

X
La

=

(
α

1 − α

)(
(1 − θ) A

π (1 + τ) σ

)
. (2)

Intuitively, as the TFP A decreases, less intermediate inputs and
more labor will be used to produce Ya. This immediately im-
plies a lower intermediate input intensity in agriculture ( X

Ya
) and

agricultural productivity ( YaLa ) and a higher employment share in
agriculture ( LaN ). Restuccia et al. (2008) show that the higher price
of intermediate inputs π and the larger wage wedge θ in poor
countries amplify the effects of lower TFP.

Notice that, in general, output in agriculture Ya decreases as TFP
A becomes lower. This tends to drive up the intermediate input
intensity in agriculture ( X

Ya
). However, we show the above effect

is dominant in our quantitative analysis.4
It is clear from the following first-order condition:

πX
paYa

=
α

1 + τ
, (3)

that cross-country nominal intermediate input intensities are iden-
tical if they share the same τ , even if price distortions π vary
across country. However, τ is country-specific. If we calibrate this
distortion to match the nominal intermediate input intensity in
each country, then τ will be larger in poor countries than in rich
ones. Eq. (2) implies the amplification effect is even larger.

3. Quantitative analysis

3.1. Non-Homothetic CES preference

Stone-Geary preferences imply income-dependent relative in-
come elasticities, which are inconsistent with empirical evidence.
If κ is country-specific, the income elasticities for poor countries
are so large that equilibrium does not exist for in their model.5
Hence, our quantitative analysis is based on non-homothetic CES
preferenceswhich generates constant relative income elasticities.6

In addition to the explicit distortion τ , another difference be-
tween our model and the one in Restuccia et al. (2008) is that,
instead of the Stone-Geary preference in (1), we use the following
non-homothetic CES preference:

ωaC
µa−ϵ

ϵ c
ϵ−1
ϵ

a + ωnC
µn−ϵ

ϵ c
ϵ−1
ϵ

n = 1, (4)

where C is the consumer utility measured by real income, µi > 0
controls the income elasticity of demand and ωi > 0 is a strictly
positive weight parameter for good i ∈ {a, n}.7

3 According to Restuccia et al. (2008)’s calibration, a is indeed very close to zero.
4 This is the case at least for both Stone-Geary CES and non-homothetic CES

preferences.
5 See Liao and Wang (2018). In Restuccia et al. (2008), the agriculture-specific

productivity κ are set to be identical to their US counterpart across countries and
equilibrium exists for each country.
6 See Comin et al. 2017; Liao and Wang 2018. Notice that non-homothetic CES

preferences aremore flexible than Stone-Geary preferences in that we are now able
to consider country-specific agricultural productivity κ .
7 See Appendix (A.1) for the necessary conditions of utility maximization of the

household with non-homothetic CES preferences.
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Table 1
Calibration for non-homothetic CES preferences.
Parameter Calibrated value. Target

ϵ 0.6100 Estimated from the U.S. data
ωa 1.0000 Normalization
ωn 1497.7 Agricultural employment share of the U.S.
µa 0.2537 Estimated from the U.S. data
µn 0.9529 Estimated from the U.S. data
σ 0.7000 Income share of labor in agriculture
α 0.4000 Nominal intermediate input share of the U.S.

3.2. Calibration

We assume that there is no explicit and price distortion in
the US: τUS = 0 and πUS = 1. According to the first-order
condition (3), we allow the explicit distortion on intermediate
inputs τ to be country specific and calibrate them to match the
nominal intermediate input–output ratios of each country8:

1 + τj =
α

πjXj
pajYaj

,

where j is the country index.
Other country-specific parameters A, κ , θ , π and Z/N are cal-

ibrated from the data of the corresponding countries.9 All other
parameters are common across countries and they are calibrated
to match the U.S. data. σ = 0.7 and α = 0.4 are the same
as in Restuccia et al. (2008). Parameters in the non-homothetic
preference we use are the same as in Liao and Wang (2018). In
particular, we first use the time series data of the U.S. to estimate ϵ,
µa and µn based on the equilibrium conditions.10 Without loss of
generality, we normalize ωa to be 1.11 ωn is calibrated to match
the agricultural employment share of the U.S in 1985. Table 1
summarizes the main calibrated values.

3.3. Quantitative results

Table 2 shows the quantitative results. We report the ratio of
model predictions of

{
X
Ya

, πX
paYa

, Ya
La

, GDPa
La

, Y
N

}
between the richest

and the poorest 5 percent countries and the level of La
N of both

groups of countries. For the sake of comparison, we present what
are observed in the data and the model predictions for these key
variables. We solve five quantitative scenarios in our model with
the non-homothetic preference.

In the baseline scenario, both the agriculture-specific produc-
tivity κ and the income share of intermediate inputs in agriculture
α are set to be identical to their US counterparts across countries,
as Restuccia et al. (2008) do in their quantitative analysis. The
purpose of this exercise is to show that quantitative results in our
model (with the non-homothetic preference) and in Restuccia et al.
(2008) are quantitatively comparable.

If the agriculture-specific productivity κ in each country is
identical to the one in the US, then the intermediate input inten-
sity in poor countries are smaller than they are if κ is country-
specific. This implies a larger cross-country difference in the in-
termediate input intensity (2.7 fold). In the second scenario, we
let the agriculture-specific productivity κ be country-specific and
calibrate κj to match the agricultural output data in country j. As
we argued in Section 2.1, country-specific κ lead to a 0.63-fold

8 The relative price data are reported in Rao (1993), which is the source
of Restuccia et al. (2008).
9 These values are the same as those in Restuccia et al. (2008).

10 See Appendix A.2 for details.
11 See Appendix A.3 for the justification of this normalization.

Table 2
Percentile ratio of rich to poor countries.

La/N X
Ya

πX
paYa

Ya
La

GDPa
La

Y
N

Rich Poor

Data 0.04 0.86 3.12 4.7 109.1 77.9 34.3
Restuccia et al. (2008) 0.04 0.68 2.7 1.0 23.4 17.9 10.8

Non-homothetic CES
(1) Baseline 0.04 0.60 2.82 1.0 22.8 17.5 11.5
(2) Country-specific κ 0.04 0.64 0.63 1.0 34.2 78.9 15.8
(3) Country-specific κ and π 0.04 0.64 1.23 1.0 53.6 50.5 15.4
(4) Country-specific κ and τ 0.04 0.68 1.64 4.7 70.2 57.3 17.0
(5) Country-specific κ , π and τ 0.04 0.68 3.18 4.7 108.5 79.3 17.5

difference in X
Ya
, compared to the 3.1-fold difference in the data.

This reserve difference in real intermediate input intensity is the
reason why this scenario can perfectly account for all differences
in GDPa

La
.12

Notice that cross-country differences in agricultural and aggre-
gate productivity and value-added per worker are larger due to
larger differences in agriculture-specific productivity κ .

To see how important are the two distortions on intermediate
inputs in accounting for cross-country productivity differences, we
let both the price distortion π and the explicit distortion τ be
country-specific. π is calibrated tomatch its empirical counterpart
in each country in the data. We calibrate τ to match the nominal
intermediate input intensity in each country. Results are summa-
rized in scenario (3) and (4). The price distortion can account for
more of cross-country differences only in X

Ya
and Ya

La
, comparedwith

the second scenario. The explicit distortion can account for 5 to 15
percent more of cross-country differences in all key variables than
the price distortion.

Our model with explicit distortions (scenario 4) accounts for
about 70 percent and 50 percent of differences in agricultural
productivity (measured by output and value-added) and aggre-
gate productivity, respectively. Notice that Restuccia et al. (2008)
accounts for only 20 percent and 30 percent of agricultural and
aggregate productivity differences across countries. The results in
this scenario confirm our intuition in Section 2. In scenario (5), we
allow both distortions to vary across countries. The model with
both distortions accounts for all cross-country differences in real
and nominal intermediate input intensity as well as agricultural
productivity. However, adding price distortions in scenario (4)
cannot account for more differences in agricultural employment
share and aggregate productivity.

4. Conclusion

Nominal intermediate input–output ratios in agriculture are
highly positively correlated with agricultural productivity across
countries. Exogenous price variations in models such as Restuc-
cia et al. (2008) are not able to account for this nominal ratio,
and hence underestimate the importance of intermediate inputs
in explaining cross-country agricultural productivity differences.
Therefore, more structure is needed in these models. We add
a minimum structure in Restuccia et al. (2008) and show that
the modified model could account for substantially more cross-
country differences in both agricultural and aggregate productiv-
ity. A promising future research direction is investigating other
structures that are able to generate cross-country variations in
the nominal intermediate input intensity. An example is Dono-
van (2016) who consider incomplete markets in Restuccia et al.
(2008)’s model with heterogeneous households.

12 Notice that GDPa
La

=
Ya
La

(
1 −

X
Ya

)
. Hence, a reserve difference in X

Ya
means cross-

country differences are larger in GDPa
La

than in Ya
La
.
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