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Introduction

TFP seems to account for about half of cross-country income gaps.
What determines TFP is not well understood.
The leading candidate for “deep” causes is “institutions”

• but nobody knows how to quantify those

One (quantifiable) candidate for “proximate” causes is misallocation

• too much agriculture in low income countries

• poor allocation of resources to highly productive firms

Surveys on misallocation: Restuccia and Rogerson (2013), Hopenhayn (2014).
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Agriculture: Facts

Facts:

1. Low income countries employ most of their labor in ag.

2. Most food needs are met from domestic production.

3. TFP in agriculture varies much more than TFP in “industry”
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Facts

The aim of this paper is to provide quantitative answers to the above questions using a general-equilibrium
framework. At a qualitative level, there is an accepted answer to the first question: poor countries have a large
share of employment in agriculture because they have what Schultz (1953) characterized as the ‘‘food problem.’’
Due to low labor productivity, these countries have to allocate a large share of employment to farming in order
to meet basic food requirements.3 To address the second question, we formulate a two-sector general-
equilibrium model that explicitly takes into account the role of agriculture and subsistence food requirements.
In the model, agricultural labor productivity is determined, among other factors, by: (1) economy-
wide productivity and (2) barriers to the use of modern intermediate inputs in agricultural production.4

Simulation of the calibrated model implies that these two factors can account for large shares of employment
and low labor productivity in agriculture in poor countries, thus explaining much of the observed differences
in aggregate labor productivity across countries. Our analysis suggests that removing barriers to adopting
modern inputs in agriculture could substantially raise agricultural and aggregate productivity in poor
countries.

Admittedly, the key insight we build into the two-sector model has long existed in the economic
development literature: traditional agricultural systems cannot generate high labor productivity in agriculture;
opportunities for rapid productivity growth may become available only through advancement in science-based
technology (e.g., Schultz, 1964; Hayami and Ruttan, 1985; Huffman and Evenson, 1993). Since modern
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Fig. 2. Sectoral labor productivity across countries—1985. Countries are ranked according to aggregate GDP per worker from PWT5.6
where decile 10 groups the richest countries. Each decile contains eight countries (10% of countries in our sample) except decile 5, which
contains 13 countries.

3The relationship between low agricultural productivity and its high share of employment does not have to hold if a country can import
food. In reality, however, poor countries rarely import food. As Schultz points out, low-income countries must produce the bulk of their
own food to satisfy subsistence needs since imports are costly and these countries have limited resources and products to exchange for
food.

4Throughout the paper, intermediate inputs or modern inputs in agriculture refer to those factors that are provided outside the
agricultural sector, such as chemical fertilizers, pesticides, machine services, processed seeds, fuel, and energy. FAO statistics also refer to
these factors as non-agricultural inputs, which are distinguished from feeds and seeds provided within the farming sector.
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Source: Restuccia et al. (2008)

Questions

1. Why is ag TFP so low in poor countries?

2. Why do poor countries employ so much labor in ag?
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Why Do Low Income Countries Employ So Much Labor
in Ag?

Gollin et al. (2007): subsistence food consumption

• when poor, all resources are devoted to food production

• ag tfp grows exogenously

• at some point, resources are freed up to move into industry

Restuccia et al. (2008):

• some “barrier” prevents labor from moving out of ag

Lagakos and Waugh (2013):

• there is no misallocation

• the wage gap is selection

6 / 21



Why Is Ag Productivity So Low?

Possible answers:

1. Labor market restrictions push too much labor into ag

(a) Restuccia et al. (2008)

2. Lack of intermediate inputs

(a) Restuccia et al. (2008)
(b) Gollin et al. (2007): lack of capital forces use of an inefficient

technology
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Restuccia et al. (2008)

A “representative” paper from this literature: Restuccia et al. (2008)

Points of note:

1. a very simple model

2. some really strong assumptions permit calibration

3. not much data used in calibration

Why did the paper make the JME?

it has a hook: new data
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The Story

Countries differ in the relative price of intermediate inputs used in ag.

• this price is observable

Also capture cross-country variation in

• land per worker (observable)

• wage gap between ag and non-ag (observable)

Put these (observable) distortions into a model.
TFP is the residual that matches output gaps.
Ask how much each distortion contributes to output gaps.
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Model

Static
Demographics:

• a representative household with mass N = 1

Preferences:

• U = a ln (ca − ā) + (1 − a) ln (cn)

• ca: ag consumption

• cn: non-ag consumption

• subsistence level ā implies: when income is low, most of it is spent
on ag.

Endowments:

• Z units of land
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Technologies

Non-ag: Yn = ALn = πX + cm

• π governs relative price of ag intermediates to final goods

Ag: Ya = Xα
[
Z1−σ (κALa)

σ]1−α
= ca

• uses land Z, intermediates X, labor La

• κ: relative productivity in ag

• Cobb-Douglas is an invention

La + Lm = 1
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Markets

• non-ag goods (numeraire),

• ag goods (pa)

• land rental

• labor: wa = (1 − θ)wn

• θ: tax on labor in non-ag (not clear what it represents)
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Calibration

US data in 1985

relative GDP per worker for individual countries.14 The figure shows that the relative price of modern inputs is
systematically higher in less developed economies. For instance, the relative prices in Ethiopia, Nepal, Mali,
and Mozambique are 5–6 times higher than the U.S. price. We interpret these differences in the relative
price as a measure of direct barriers to using intermediate inputs ðpÞ. In a similar approach, other authors
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Table 1
Calibration of parameter values to U.S. data

Parameter Value Target

Z=N 1.6 Land-to-employment ratio
A 34,206 Labor productivity in non-agriculture
k 34.1 Labor productivity in agriculture
s 0.7 Hayami and Ruttan (1985)
a 0.4 Intermediate input share
ð1# yÞ 0.385 Value of relative marginal labor products
a 0.0046 Long-run share of employment in agriculture
a 752.6 Share of employment in agriculture
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Fig. 4. Barriers to the use of intermediate inputs—1985 (log scale). Direct barriers ðpÞ is the price of non-agricultural intermediate inputs
in agriculture relative to the price of output in non-agriculture. The price of intermediate inputs in agriculture is the price paid by farmers
at the farm gate. This relative price is reported as the ratio to the U.S. relative price. Indirect barriers (1=ð1# yÞ) is the ratio of wages in
non-agriculture to agriculture and is reported relative to the U.S. level. Aggregate GDP per worker from PWT5.6 is reported relative to the
U.S.

14Symbolically the PPP price of X reported by FAO can be represented as ðXp=Xp$Þ, where fX ;p;p$g are not reported individually.
Similarly, the PPP price of non-agricultural output is the ratio of domestic to international value of non-agricultural goods. Therefore, the
relative price reported in Fig. 4, Panel A, is: ½ðXp=Xp$Þ=ðpnY n=p$nY nÞ&=½ðXp=Xp$Þ=ðpnY n=p$nY nÞ&US ¼ ðp=pnÞ=ðp=pnÞ

US. Notice that in this
simple form, the ratio of relative prices to a benchmark country eliminates the potential measurement bias of international prices.

D. Restuccia et al. / Journal of Monetary Economics 55 (2008) 234–250244

No validation (the model is, so to speak, exactly identified).
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Experiment

Vary across countries:

1. labor market distortion θ

2. price of ag inputs π

3. tfp A (to match Y/N)

4. land per worker Z/N (data)

Key: the distortions are observable.

• Measure π using FAO data on the relative price of intermediate
inputs in agriculture (relative to non-ag output; the numeraire).

• Measure θ using data on relative wages (ag / non-ag).

Question:

• to what extent can the model account for variation in La, X/Ya, Ya/La?
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The Hook

This is the paper’s hook:

• the data on π are new

• it shows that X/Ya is rising with GDP (not surprising but new)

agricultural technology is often embodied in industry-supplied intermediate inputs—such as chemical
fertilizers, better seed varieties, and more efficient sources of power—the extent of technical input use would
generally indicate the level of agricultural modernization as well as labor productivity. Cross-country data
corroborate this established view in the development literature. Using common international prices, Fig. 3
plots the ratio of expenditures on intermediate inputs to the value of final output in agricultural production
against final output per worker in agriculture. Fig. 3 reveals a clear pattern: high agricultural labor
productivity is positively associated with the extent of intermediate input use, with a correlation coefficient in
logs at 0.85. In particular, in the richest 5% of the countries, average expenditure on intermediate inputs is
38% of final output value, whereas it is only 12% in the poorest 5% of the countries.

We argue that certain distortions in factor markets may severely dampen the incentives of farmers for
adopting modern inputs, thus leading to low agricultural labor productivity in poor countries.5 This paper
examines two kinds of barriers to the use of intermediate inputs. The first are direct barriers in poor countries
that are reflected in the cost of modern inputs. For instance, protection of domestic industries, such as
fertilizer production, may raise factor prices directly through tariffs and import quotas or indirectly by
allowing the survival of inefficient domestic producers (e.g., Krueger et al., 1991). The lack of investment in
market infrastructure, such as roads and distribution systems, may also raise significantly the costs of using
technical inputs by geographically dispersed rural households. The second are indirect barriers associated with
labor market distortions. Obstacles to migration reduce labor flows from the agricultural to non-agricultural
sector, and when combined with institutionally protected urban wages, often suppress agricultural wages to
very low levels (e.g., Rosenzweig, 1988). This distortion encourages farmers to substitute cheap labor for other
inputs, and therefore is an indirect barrier to intermediate input use.6
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Fig. 3. Intermediate input ratio in agriculture—1985 (log scale). The intermediate input ratio is the amount of non-agricultural
intermediate inputs relative to final output in agriculture, both measured in international dollars. Final output per worker in agriculture is
expressed relative to the level of the U.S.

5Presumably, other institutions and policies, such as heavy taxation on agricultural output and biased trade and exchange rate policies,
may also suppress farmers’ incentives to adopt modern inputs. However, because there is no cross-country information on agricultural
taxes and trade policies that is comparable to data from FAO and Penn World Tables, we do not investigate these effects on productivity
in this paper.

6See Manuelli and Seshadri (2003) for evidence that low labor costs were responsible for the initially slow adoption of one particular
type of modern input—tractors—in U.S. agriculture.

D. Restuccia et al. / Journal of Monetary Economics 55 (2008) 234–250 237
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Measures of the distortions π and θ

relative GDP per worker for individual countries.14 The figure shows that the relative price of modern inputs is
systematically higher in less developed economies. For instance, the relative prices in Ethiopia, Nepal, Mali,
and Mozambique are 5–6 times higher than the U.S. price. We interpret these differences in the relative
price as a measure of direct barriers to using intermediate inputs ðpÞ. In a similar approach, other authors
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Table 1
Calibration of parameter values to U.S. data

Parameter Value Target

Z=N 1.6 Land-to-employment ratio
A 34,206 Labor productivity in non-agriculture
k 34.1 Labor productivity in agriculture
s 0.7 Hayami and Ruttan (1985)
a 0.4 Intermediate input share
ð1# yÞ 0.385 Value of relative marginal labor products
a 0.0046 Long-run share of employment in agriculture
a 752.6 Share of employment in agriculture
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Fig. 4. Barriers to the use of intermediate inputs—1985 (log scale). Direct barriers ðpÞ is the price of non-agricultural intermediate inputs
in agriculture relative to the price of output in non-agriculture. The price of intermediate inputs in agriculture is the price paid by farmers
at the farm gate. This relative price is reported as the ratio to the U.S. relative price. Indirect barriers (1=ð1# yÞ) is the ratio of wages in
non-agriculture to agriculture and is reported relative to the U.S. level. Aggregate GDP per worker from PWT5.6 is reported relative to the
U.S.

14Symbolically the PPP price of X reported by FAO can be represented as ðXp=Xp$Þ, where fX ;p;p$g are not reported individually.
Similarly, the PPP price of non-agricultural output is the ratio of domestic to international value of non-agricultural goods. Therefore, the
relative price reported in Fig. 4, Panel A, is: ½ðXp=Xp$Þ=ðpnY n=p$nY nÞ&=½ðXp=Xp$Þ=ðpnY n=p$nY nÞ&US ¼ ðp=pnÞ=ðp=pnÞ

US. Notice that in this
simple form, the ratio of relative prices to a benchmark country eliminates the potential measurement bias of international prices.

D. Restuccia et al. / Journal of Monetary Economics 55 (2008) 234–250244

π: price of ag intermediate inputs / price of ag output
1 − θ: mean wage non-ag / mean wage in ag

• this gap is huge in poor countries (factor 30!)

• 1 − θ is not taken from data, but model implied

• the range is far, far larger than in the data
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Results

imply that the aggregate labor productivity difference between the richest and the poorest countries is the same
as that of the economy-wide productivity, a difference of factor 5. Versions (2)–(4) are all two-sector models in
which labor, land, and intermediate inputs are added incrementally to the agricultural production technology.
Moving from version (1)–(4), the share of employment in agriculture in poor countries rises far above the level
in rich countries, as the gap in agricultural labor productivity widens. This finding reflects the ‘‘food problem’’
facing poor countries: with low agricultural productivity, they have to allocate higher shares of employment to
agriculture. Note that in version (4), rich countries actually use less technical inputs in agriculture than poor
countries, ðX=Y aÞR=ðX=Y aÞP ¼ 0:9, which is mainly a consequence of a higher land-to-employment ratio in
rich countries. As Eq. (13) suggests, abundant land endowment reduces farmers’ incentives for intermediate
input use. It is clear, however, that a standard two-sector model without barriers as in (4) still cannot explain
well the patterns revealed in the data.

The results in (5) and (6) show that both direct and indirect barriers are important factors in accounting for
observed differences in the intermediate input ratio between the richest and poorest countries. When the model
considers one barrier at a time, as in version (5) or (6), it generates an input ratio of 1.5, accounting for about
50% of the differences in the use of intermediate inputs between the two groups. The simulated equilibrium
outcomes for La=N, Y a=La and Y=N are also improved substantially; for instance, the agricultural labor
productivity gap is raised from a factor of 6.3 to 13.8 and 10.2, respectively, much closer to the observed
differences.

Our baseline model, which takes into account the effects of both barriers simultaneously, replicates well the
observed patterns of the four variables. In particular, it implies a factor difference of 10.8 in aggregate labor
productivity between the rich and poor countries. This result indicates an amplification mechanism through
agriculture, which turns the initial factor difference of 5 from a one-sector growth model into a disparity more
than 2 times larger than the initial gap with the same exogenous differences in A. The evidence suggests that
the large difference in aggregate productivity between the two groups implied by the model stems from very
different cross-country economic structures: poor countries have on average 68% of their employment in
agriculture relative to only 4% in rich countries; however, their agricultural labor productivity is only 1/23.4 of
agricultural labor productivity in rich countries. Overall, the baseline model accounts for large percentages of
the observed differences in the data, leaving the unexplained share of labor in agriculture in poor countries at
18% and the unexplained factors of La=N, Y a=La and Y=N at 1.1, 4.7 and 3.2, respectively.

Table 3 presents additional simulation results of the baseline model covering all countries in the sample. We
group the economies by deciles based on observed aggregate GDP per worker, and compare equilibrium
outcomes of the four variables implied by the model with data. For the richest 10% of the countries reported
in the first row (decile 10), the model matches closely with the data. For the poorest 10% of the countries
(decile 1), the model replicates well the intermediate input to output ratio (both at 12%), and the share of
employment in agriculture (71% in the model vs. 82% in the data). There are still gaps in accounting for
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Table 2
Effects of barriers and economy-wide productivity on equilibrium outcome variables

La=N X=Y a Y a=La Y=N
Rich/poor Ratio of rich to

poor countries
Ratio of rich to
poor countries

Ratio of rich to
poor countries

Data 0.04/0.86 3.1 109.1 34.3
(7) Baseline model 0.04/0.68 2.7 23.4 10.8

Decomposing the contribution of individual factors
(6) Add direct barriers p only 0.04/0.39 1.5 10.2 6.2
(5) Add indirect barriers y only 0.03/0.38 1.5 13.8 7.0
(4) Two-sector with fLa;Z;X g 0.04/0.20 0.9 6.3 5.5
(3) Two-sector with fLa;Zg 0.04/0.24 – 8.2 5.4
(2) Linear two-sector with fLag 0.04/0.17 – 5.0 5.0
(1) One-sector – – – 5.0

Unexplained % or factor 0.00/0.18 1.1 4.7 3.2

D. Restuccia et al. / Journal of Monetary Economics 55 (2008) 234–250246

Message: TFP gaps needed to account for 20-fold output gaps are smaller
than in standard growth model.

Intuition:

• labor market distortion pushes labor into ag

– price of ag falls

• π keeps intermediates out of ag

– ag productivity falls

• we end up with lots of labor in a sector with low TFP
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Open Issues and Problems

In the data, the ratio of ag to non-ag wages varies massively less than in
the model

• see Herrendorf and Schoellman (2015)
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The Ag Productivity Gap

Other relevant papers...
Herrendorf and Schoellman (2015):

• Question: is the gap in productivity ag / non-ag due to misallocation?

• Fact 1: even in the U.S., there are large gaps in ag / non-ag produc-
tivity (median factor 3)

• Fact 2: gaps in wages are smaller than gaps in productivities (U.S.,
median factor 2)

• Fact 3: measured output fails to count some pieces (land rents, some
self-employment income)

• Fact 4: correcting output measures reduces the ag / non-ag gap to
factor 2

• Fact 5: similar patterns in other countries

– especially: wage gaps are smaller than productivity gaps

Gollin et al. (2013):

• adjustments to measured output and inputs (hours, human capital)
reduce the productivity gap, but do not eliminate it.

• this sounds pedestrian, but it’s a really nice paper with very careful
data work
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The Ag Productivity Gap

Adamopoulos and Restuccia (2014):

• in poor countries, farms are too small

Restuccia and Santaeulalia-Llopis (2015):

• land is not used efficiently

• land endowments are poor
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