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Overview
Nice paper pursuing a difficult but important topic—agricultural
productivity and technology adoption (quality upgrade)

Figure : Large differences in agricultural labor productivity

Restuccia, Yong and Zhu (2006)
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What this paper does

I Focuses on QUALITY differences in agricultural equipment across
countries (abstract from all other cross-country differences).

– The paper could have done more to motivate the important of
quality not just quantity of machinery used.

I Presents interesting facts on tractors’ price-age profile using novel
online price data: Older tractors are relatively cheaper in high
productivity countries

I Develops a quasi-tractable model of quality upgrade of equipment.

I Quality upgrade decision follows a threshold rule; quantity of capital
is always at the target level.

I Model calibrated to the observed price-age profile, initial agricultural
productivity (in 1990) and agricultural productivity in 2000.
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Findings

I The model accounts for >50% of agricultural labor productivity
differences across the 13 countries (3 emerging markets + 10
advanced countries).

I Induced obsolescence cost is key in driving cross-country variations
in agricultural productivity
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Contributions

I Previous theories: vintage capital models, nonconvex adoption
costs, (S, s) adoption rule. Old and new technology coexist in the
same economy. Computationally challenging, and hard to define
“vintage” empirically.

I To measurement and empirics:

– Using on-line price data of tractors to estimate obsolescence profile
in countries at various development stages

– Mapping estimated price-age profile to frequency of upgrade (in the
model eqm), which helps to identify direct and indirect costs of
upgrading

I To theory:

– Developing macro model to quantitatively assess the importance of
technology adoption on agricultural productivity

– Building a (semi)linear system which significantly simplifies the
analysis, with certain modeling choices.
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Questions about the Empirics

pθij − 1

θ
= Dj + βDjageij + γ

Xλ
ij − 1

λ
+ εij

This paper: Assuming the same responses of price to Xij (i.e. hours,
brand, horsepowers), how does the price-age relationship differ across
countries?

I The paper could have done a better job justifying this specification: e.g.
the choice of the same θ, γ, τ ; age = quality?.

I Why focus on the slope (βDj) rather than the intercept (Dj)? Isn’t the
latter of the first-order importance? For the same vintage(quality) of
tractor, its more expensive in poorer countries?

I Separating hours-used and age, horsepowers and quality?

I More countries are available on TractorHouse.com, why choose 3
particular emerging countries only—Mexico, Brazil and Bulgaria?
Especially given that the large dispersion in agricultural productivity is
reflected in low-income countries.
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Comments about the Model: I

From the empirics to the model:

I No within-country heterogeneity (old and new technologies do not
coexist). A given country either use q or Q (if upgrade) at time t.

I Should be clear upfront how to interpret qk (aggregate over all vintages?).
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Comments about the Model: II

– If upgrade:

ct +Qtκ[kt+1 − (1− δ)θ(xt)kt] +Qtκqxt ≤
Q1−ν

ν
[Qtθ(xt)kt]

ν L1−α

where xt =
Qt
q

, quality gap

1. Relative price of capital is proportional to quality: Qtκ

2. One-time direct cost of upgrade, proportional to quality (independent of
quantity) and quality gap: Qtκqxt

3. Induced obsolescence: immediate shrinkage in capital stock kt to θ(xt)kt or
reduction in (just upgraded) Qt, where θ(xt) < 1, θ′(xt) < 0

– Suspect these are shortcuts to generate a linear system for analytical
convenience. But the paper could have do more to motivate/justify these
modeling choices.

– Especially, 2 and 3 need more explanation. (Computer software upgrade?).
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Comments about the Model: III

I This really is a paper about QUALITY of equipment: Countries only

differ in parameters related to quality upgrade: {κQj , θj , εj , q0,j}.
– Although unclear, countries also seem to differ in price of capital to

consumption κj (calibrated directly from data)

I The model abstracts from other cross-country heterogeneities: capital
intensity in agriculture (ν), size of farm land, general TFP (such as roads
and distribution infrastructure), intermediate inputs (fertilizers, seed
varieties), etc.

I Previous literature has shown large cross-country differences in share of
labor in agriculture (potentially, different ν), farm size (Restuccia et al...)

I Since the paper is largely a “quantitative” paper, it is important to
recognize other important heterogeneities, especially if they are of
first-order importance.
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(GDP) per worker in the richest 5% of the countries in the world is 34 times that of the poorest 5%. This is an
enormous difference in aggregate productivity. However, the labor productivity difference in agriculture is
even larger: GDP per worker of the richest countries is 78 times that of the poorest countries. In contrast, the
difference in GDP per worker in non-agriculture is a factor of 5. Despite very low productivity in agriculture,
the poorest countries allocate 86% of their employment to this sector, as compared to only 4% in the richest
countries.

These facts are general to other comparisons across the distribution of countries. Fig. 1 shows that poor
countries tend to allocate more employment in agriculture than rich countries, while Fig. 2 shows that not only
poor countries observe lower GDP per worker in agriculture and non-agriculture than rich countries (Panel
A), but also that the ratio of GDP per worker in agriculture to non-agriculture is lower in poor than in rich
countries (Panel B). The fact is that poor countries are much less productive in agriculture than in non-
agriculture in comparison to rich countries.1 These facts provoke two important questions. First, why do so
many people in poor countries work in the extremely unproductive agricultural sector? Second, why is
agricultural labor productivity so low in poor countries? Clearly, satisfactory answers to these questions are
essential to understanding aggregate income differences across countries.2

ARTICLE IN PRESS

0 0.2 0.4 0.6 0.8 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

S
h

a
re

 o
f 
E

m
p

lo
y
m

e
n

t 
in

 A
g

ri
c
u

lt
u

re

GDP per Worker relative to the U.S.

Fig. 1. Share of employment in agriculture—1985. Aggregate GDP per worker from PWT5.6 is reported relative to the U.S. The share of

employment data is from FAO.

1The data for aggregate GDP are from the Penn World Tables (PWT5.6); the data for agriculture are from the Food and Agricultural

Organization (FAO) of the United Nations (see Prasada Rao, 1993). In our sample of 86 countries, the richest 5% are the U.S., Canada,

Switzerland, and Australia; the poorest 5% are Burundi, Tanzania, Burkina Faso, and Ethiopia. Table 1 of the Appendix provides

summary statistics from these data. This Appendix is available from the authors upon request and can be accessed at: http://

www.economics.utoronto.ca/diegor/research/research.html.
2The joint importance of employment share and sectoral productivity in accounting for cross-country productivity differences can be

shown by the decomposition of aggregate GDP per worker ðY=NÞ : Y=N ¼ Y n=Lnð1� La=NÞ þ ðY a=LaÞðLa=NÞ, where Y i=Li and Li=N

are per-worker GDP and share of employment in sector i 2 fa; ng; a denotes agriculture and n non-agriculture. Consider a counterfactual

scenario: if the richest 5% of the countries have the average employment share of the poorest countries (see Table 1 of the Appendix),

aggregate productivity of the richest countries relative to the poorest countries in this hypothetical case would be 2 to 1, only 1
17

of the

actual difference between the richest and the poorest countries. Alternatively, if the richest countries have the sectoral productivity of the

poorest countries, the productivity gap would be 5 to 1, about 1
7
of the actual difference between the richest and the poorest. Hence, both

sectoral productivity and employment share are essential in understanding the differences in aggregate productivity across countries.

D. Restuccia et al. / Journal of Monetary Economics 55 (2008) 234–250 235

Restuccia, Yong and Zhu (2006) and Adamopoulos and Restuccia (2014)
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these data with aggregate productivity data from the Penn World Table PWT6.2 in 
Heston, Summers, and Aten (2006) and agricultural productivity, employment, and 
land data from Prasada Rao (1993) to construct a dataset of 63 countries in 1990.  
We rank countries according to real GDP per capita and allocate them into quintiles 
of the income distribution. A more detailed description of the data, variables used, 
and countries is provided in online Appendix A. We summarize our main findings 
with a special focus on the comparison of the richest and the poorest groups of 
countries. For these countries, the disparity in real GDP per capita is 21.1-fold, in 
real GDP per worker 19.2-fold, whereas the disparity in real agricultural GDP per 
worker is 46.7-fold.

A. Farm Size across Countries

Fact 1: Average farm size rises with the level of development. Figure 1 shows 
average farm size against real GDP per capita (in logarithms) across countries. 
Even though there are some outliers (such as Argentina and Australia) there is a 
systematic relationship between farm size and income, whereby richer countries 
tend to produce agricultural goods on a larger scale than poorer countries. Table 1 
reports the mean of average farm size for each quintile of the income distribution. 
The average farm size in the poorest group of countries is 1.6 Ha, whereas in the 
richest group it’s 54.1 Ha, a 34-fold difference. The median of average farm size 
rises smoothly with income across the income quintiles: 1.1, 2.6, 4.3, 14.2, 29.0 for 
each group. While land endowment, geographical location, land quality, and type of 
agriculture are relevant determinants of farm size across countries, and there may 
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Figure 1. Average Farm Size across CountriesRestuccia, Yong and Zhu (2006) and Adamopoulos and Restuccia (2014)
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Questions about the Calibration: I

I Calibration targets:
I obsolescence profiles
I agricultural value added in 1990
I agricultural productivity in 2000

I Calibrates 38 parameters to 38 targets (?). Exact identification?
Comparing targeted moments with data is not very helpful for
assessing goodness of fit
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Questions about the Calibration: II

I Untargeted moments (out-of-sample cross-section): The model explains
79% of the variation in agricultural productivity across country in
out-of-sample (2010)
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Figure 10: Results. Out-of-sample model performance: agricultural productivity in 2010.
Source: FAOSTAT and own computations.

agricultural productivity is to juxtapose TFP computed in the data, i.e. TFP in equation

2, to our quality improvement measure. Figure 11 plots measured TFP growth in the data

against capital quality growth in the model for the period 1990 to 2010. The squared

correlation between model and data is r2 = 0.40. Additionally, Figure 17 in the appendix

plots the paths of those two series for a sub-sample of the counties we analyze.

4.2.1 The role of obsolescence profiles in accounting for agricultural productiv-

ity

One of the main contributions of our paper is to bring information embedded in obsolescence

profiles of capital goods within a standard growth accounting framework. In this section,

we first discuss the information content of such obsolescence profile and its importance for

a correct measure of the contribution of capital quality to agricultural productivity.

We focus on two set of countries, grouped by their agricultural productivity growth between

1990 and 2000. Low-growth countries are: United States, Germany and Brazil. High-growth

countries are France, Mexico and Italy. It is important to highlight that, within each group,

the obsolescence profiles are statistically different across countries.

Information content of the obsolescence profiles. In Section 3 we argued theoretically

that the obsolescence profile is key in identifying the path of adoption. To assess the quanti-

28

I ... But if looking at growth rate, big difference for most countries. For
example, GBR, Model: 0.8 (2000) to 1.1(2010), compared to data: 0.8
(2000) to 0.8 (2010); FRA, 20% (model) vs. 10% (data); SWE, 20%
(model) vs. Data 5% (data).
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Other Questions

I capital share in agriculture: 60%. Is it U.S. data?

I How is investment cost (κj) calibrated to quantity of tractors in
1990?

I How is the direct cost of adoption (κQj) calibrated to price of
imports? Imports of tractors? or aggregate imports?
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Promising Research Agenda

I Policies? Interesting examples of policies aiming to modernize
agricultural equipment in various countries, relaxing credit
constraints/tax exemption for purchasing new equipment.

I Unclear how these examples are linked to the rest of the paper.

I These examples may better serve to motivate the paper.
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