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AGRICULTURAL PRODUCTIVITY AND ITS
DETERMINANTS: REVISITING INTERNATIONAL
EXPERIENCES

CLAuDpIO BRAVO-ORTEGA
DANIEL LEDERMAN

Abstract

This paper makes three contributions to the literature on agricultural produc-
tivity. First, we provide estimates of growth in agriculture’ stotal factor produc-
tivity (TFP) for a panel of countries using a translog-production function. In
contrast to most of the existing literature, the evidence suggests that agricul-
tural TFP growth in developing countries has been positive during the past
four decades. Second, the empirical analysislooks at the determinants of agri-
cultural productivity by controlling for infrastructure and other public goods.
Third, we pay close attention to international heterogeneity with a special fo-
cus on Latin American and Caribbean (LAC) countries. The econometric re-
sults suggest that electricity generating capacity per capita has had positive
effects on agricultural TFP, whereas roads and credit availability have had
negative effects worldwide. Literacy also appears to be important for promot-
ing agricultural productivity. The regression models also control for climactic
anomalies and coup d’etat, factors that are rarely found in the literature. Fi-
nally, agricultural productivity in LAC countries behaved differently than in
other regions: electricity generation was especially relevant before the 1990s,
as in the rest of the sample, but its effect declined thereafter; paved roadsin
LAC appear to influence positively agricultural productivity throughout the
period under investigation (1960-1997).

Resumen

Estearticulo hacetres contribucionesalaliteratura en productividad agricola.
En primer lugar, se estima el crecimiento en la productividad total de factores
(PTF) para un panel de paises utilizando una funcion de produccion translog.

Claudio Bravo-Ortega, World Bank and Department of Economics, Universidad de Chile.
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World Bank, Washington, DC

O  Weareindebted to César Calderén and Luis Servén for facilitating ustheir infrastructure
data. Bruce Gardner, Yair Mundlak, Guillermo Perry and Luis Servén aso provided
thoughtful comments. Claudio Bravo-Ortegais also with the Office of the Chief Econo-
mist for Latin America and the Caribbean region. Emails: chravoortega@worldbank.org
and dlederman@worldbank.org.



134 Estudios de Economia, Vol. 31 - N° 2

Contraria a la mayoria de la literatura existente, la evidencia sugiere que €l
crecimiento de la PTF agricola para paises en desarrollo ha sido positivo du-
rante las Ultimas cuatro décadas. Segundo, el analisis empirico examina los
determinantes de la productividad agricola controlando por infraestructura 'y
otros bienes publicos. Tercero, se presta atencion a la heterogeneidad
internacional, con un enfoque especial en los paises de Latinoamérica y El
Caribe (LAC). Los resultados econométricos sugieren que la capacidad de
generacion eléctrica per capita ha tenido un efecto sobre la PTF agricola,
mientras que los caminos y la disponibilidad de crédito han tenido efectos
negativos en toda la muestra. El alfabetismo también aparece como un factor
importante para impulsar la productividad agricola. Los model os de regresion
también controlan por anomalias climaticas y coup d’etat, factores que
raramente se encuentran en laliteratura. Finalmente, la productividad agricola
en los paises LAC se ha comportado distinto con respecto a otras regiones: la
generacion eléctrica fue especial mente relevante antes de los 1990s, como en
€l resto dela muestra, pero su efecto ha disminuido desde entonces; loscaminos
pavimentados en LAC influyen positivamente sobre la productividad agricola
durante el periodo de investigacion (1960-1997).

Keywords: Agriculture, Productivity, Regional study.

JEL Codes: 013, 049, Q19.

INTRODUCTION

As highlighted by Martin and Mitra (2001), most economists since Adam
Smith have consider that productivity grows more slowly in agriculturethanin
the manufacturing sector. Smith attributed this alleged weakness of agriculture
to alower potential for labor specialization than that allowed by other indus-
tries. Today the extensive literature that has measured growth rates of Total
Factor Productivity (TFP) in agriculture remains controversial and provides
few guidelines about its potential determinants. This literature has also paid
little attention to functional forms and important econometric issues, such as
international heterogeneity. In this paper we provide estimates of growth in
agriculture’s total factor productivity (TFP) for a panel of countries using a
translog-production function for the period 1960-2000.2 We a so study the de-
terminants of agricultural productivity by controlling for infrastructure and other
variables while also paying close attention to international heterogeneity.

According to Ruttan (2002), research on the rate of productivity growth in
agriculture has gone through three stages. Initialy, the research focused on the

1 Martin and Mitra (2001) provide estimates showing the agricultural total factor produc-
tivity (TFP) grew faster than manufacturing TFPin most devel oping and devel oped coun-
tries during 1967-1992.

2 Itisworthy to keep in mind that the translog corresponds to a second order approxima-
tion to any functional form.
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measurement of partial productivity ratiosand indexes, such as output per worker
or hectare. These early studies showed wide differences in labor and land
productivities across the world. Recent studies show that these differences have
persisted.

The second stage of the research on technical changein agricultureinvolved
the estimation of cross-country production functions and multifactor produc-
tivity estimates. Increasing data availability and improvements in econometric
techniques made this approach increasingly reliable. These estimations were
mostly carried using Cobb Douglas specifications. International heterogeneity
in the use of different technologies for producing similar commodities presents
serious challenges to this type of empirical analysis (Mundlak 2000). Hayami
and Ruttan (1970) and Kawagoe, Hayami and Ruttan (1985) relied on cross-
country meta-production functions (also in Lau and Youtopulus 1989) in ac-
counting exercises that try to identify the sources of differences in land and
labor productivities. The results indicated that internal endowments (land and
livestock), technical inputs (machinery and fertilizer), and human capital each
would account for approximately one fourth of the productivity gap between
the devel oping and devel oped world. Economies of scalein the devel oped world
account for more than fifteen percent.

More recently, productivity analyses have tested the convergence of growth
rates and multifactor productivities by means of non-parametric approaches.
The use of the Malmquist index has been widespread in this literature. This
research has generally shown a widening of the agricultural productivity gap
between developed and developing countries, at least during the period from
the 1960sto the early nineties. In fact, developing countries have shown declin-
ing total factor productivity in several studies (Fulginity and Perrin 1993, 1997,
1998, and 1999; Arnade 1998; Trueblood 1996; Kawagoe et a. 1985; Lau and
Yotoupulus 1989; among others). Theresult is surprising because the sampl e of
countriesincluded in these studies covers some “green revolution” countriesin
Asia and agricultural exporters of Latin America and the Caribbean (LAC).
However, Nin, Arndt, and Precktel (2003) re-estimate the Malmquist index us-
ing anew definition of technology and find that most devel oping countries also
experience positive productivity growth with technical change being the main
source of this growth.

The study of the determinants of productivity isstrongly rooted in empirical
analysis. Griliches (1963a, 1963b) was perhaps the most influential early au-
thor in this field. He argued for the use of elasticities derived from empirical
production functions in order to calculate productivity. Following Griliches,
this paper contributesto theliterature on agricultural productivity in three ways.
First, we compute agricultural productivities for a panel of countries using a
translog-production function for which we carry out different specification tests
in order to find the functional form that best fits the data. The results show that,
in contrast with recent literature, TFP growth has been positive in the develop-
ing world, but there has been awidening in the existing gap between the devel-
oped and developing world. Second, the empirical analysis looks at the deter-
minants of agricultural productivity controlling by infrastructure and other
variables. The evidence also suggests that electricity generating capacity per
capita has a positive effect on TFR, whereas roads and illiteracy tend to hamper
productivity growth. Finally, we studied whether LAC behavesdifferently from
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the rest of our sample and concluded that these countries’ agricultural produc-
tivity did behave differently in important ways.

Therest of the paper is structured as follows. Section | reviews previous
estimates of agricultural production functions and TFP growth rates. Section |1
presents the methodology we use for estimating the translog-production func-
tion. Section 111 describes the sources of data used throughout the paper. Sec-
tion IV presents the main results of our translog estimates and econometric
tests concerning TFP estimates, factor elasticities, and returnsto scale. We also
report average growth rates of : output per worker, agricultural land yields, and
total output. Section V studies TFP determinants. Section V1 studies whether
LAC TFP determinants are different from those in other regions. Finaly, sec-
tion VIl summarizes the main findings and discusses policy implications.

|. ProbucTioN FuncTions AND TFP EstimaTIiONS: THE EXISTING EVIDENCE
I.1. Production functions®

Theanalysisof agricultural production functionsbegan in 1944 with Tintner
(1944), Tintner and BrowlInlee (1944), and Heady (1944). These three studies
were based on farm data. Subsequent work was extended to cover aggregate
data, and in 1955 Bhattacharje provided thefirst cross-country study. The basic
underlying assumption of these studies was that all output observations were
generated from the same production function. Heady and Dillon (1961) com-
pared the results from these and other early studies finding that the notion of a
homogeneous technology was elusive. The work of Hayami (1969, 1970) and
Hayami and Ruttan (1970) gave new impulse to the use of cross-country datato
estimate global production functionsthat also tried to control for cross-country
productivity differences. Unfortunately, there were considerable disparities be-
tween their results and those obtained in country case studies.

Table 1 presents the results obtained in a series of cross-country studies
where the variables have been measured either per worker or as country aggre-
gates, as reported by Mundlak (2000). Studies using a single year of observa-
tions correspond to a “between-country” regression for a given year. Thisis
also the casefor panel datain which country dummiesare not included. Studies
with panel data and country dummies provide estimates of “within-country”
coefficients.

Table 1 highlights three important patternsin the literature. First, the litera-
ture provides low estimates of the output elasticities associated with land. Al-
most half of the studies yield statistically insignificant land coefficients. Sec-
ond, most studies find high elasticities associated with labor. Third, in the
majority of the studies, the sum of the input elasticities are well below one,
suggesting diminishing or constant returns to scale.

3 Thissectionisbased in Mundiak et al. (1997).
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1.2. TFP estimates

Thefollowing paragraph is based on Mundlak (2000) who reviews the TFP
estimations for some countries. For the United States Ball (1985) reports an
average TFP growth of 1.75% for the period 1948-1979, and the USDA report
a similar number of 1.7%. Capalbo and Vo (1988) find an average growth of
1.57% for the period 1950-1982, while USDA reports 1.95%. Ball et al. (1997)
review the period 1948-94 and find an average rate of growth of 1.94%.

Among the papers that study developing countries Rosegrant and Evenson
(1999) find that for India during the period 1957-1985 the TFP growth was
approximately 1% per year. For the same period they find a0.78% TFP growth
for Bangladesh and 1.07 for Pakistan. Arnade (1992) finds that for Brazil the
average rate of TFP growth for the period 1968-1987 was 1.71%

AngelaLusigi and Colin Thirtle (1997) using Malmquist indexes find that
for 47 African countries and the period 1961-1991 the average rate of TFP
growth was 1.27%. They also report some evidence of convergence in produc-
tivity levels across countriesin their sample. Martin and Mitra (2001) find that
for a sample of approximately 50 countries and over the period 1967-92, tech-
nical progress seems to have been faster in agriculture than in manufacturing.
Moreover they find evidence of convergence in levels and growth rates of TFP
in agriculture, suggesting relatively rapid international dissemination of inno-
vations. In their sample, the average TFP growth for agriculture lies between
2.34% and 2.91%. For devel oping countriesthe range goesfrom 1.76% to 2.62%.

Morerecently Nin, Arndt and Preckel (2003) compute Fare indexesusing a
sequential production set as a definition of technology. They find that most
developing countries experienced positive productivity growth with technical
change being the main source of this growth. These results arein contrast with
the ones derived using acontemporaneous reference production set asin Arnade
(1998) and Fulginity and Perrin (1997, 1998, 1999). According to the Nin et al.
results, the agricultural productivity of developing countries grew at an average
rate of 1.3% during 1961-1994. The following section provides new estimates
of productivity growth across countries since the early 1960s.

Il. THE EmPIRICAL TRANSLOG PrRODUCTION FUNCTION

Following Kawagoe, Hayami and Ruttan (1985) and Lau and Yotoupoulos
(1988) we assume that devel oped and devel oping countries exhibit different pro-
duction functions. In particular, Lau and Yotoupoul os (1988) show that estimat-
ing ameta-production function based on international data requires paying close
attention to differencesin the quality of the inputs. To consider international het-
erogeneity inthequality of inputs, first assumethat input j of adevel oped country
intermsof theinput in adeveloping country r canbeexpressedas X;* = A, [X;,
where a A;; is a conversion factor. Then the trandlog function is expressed as
follows:

) I00Y) = 3,0 INAX) + 5 X 58, In(A,X) Tn(A, X))

which is equivalent to:
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(2) 1m0 = 5,07 I0CA) + 3. 1000 + 55 58 (im0 +1000) i) +10xp)

the previous expression can be simplified to:

) In(Y) =ao +3,a, In(m%iz]zﬁi,- [In(%,) n(X,),

where aq =ag' +3a;' In(A,) + 3 5 B;jIn(A, ) On(A;), and a; =a;' +%In(Akr)(Bij +B;i).
T

Notethat for acountry in thereference group, al A, coefficients are equal
to 1, and equation (3) reduces to the regular transog. To capture the factor-
augmentation parametersfor al the countriesnot included in the reference group,
the econometric model needs to include a variable defined as the interaction
between a group-identifying dummy variable and the corresponding factor of
production.

This paper provides estimates of two regression models, one using asagroup
of reference the developing countries and another using the developed coun-
tries. In this manner we avoid the dubious interpretation of the coefficients ex-
pressed without tilde, which indeed would allow us to recover elasticities and
returns to scale with respect to a reference group. By changing the reference
group we can recover true elasticities and true returns to scale for each group.
Theempirical section of this paper followsthis approach and reportstrue factor
elasticities and returns to scale for each group of countries.

In addition, we areinterested in capturing the evolution of technical progress,
ideally in a differentiated manner for each country. Following Kim (1992) we
add atime trend and its quadratic term to model (3), so that we can capture the
average rate of growth of the TFPR, which isthe portion of output growth that is
not explained by the utilized stock of factors of production. Finally, we add the
interaction of the time trend variable and the natural logarithm of each factor.
This allows usto recover different rates of technical progress for each country
associated with changesin the endowments of each factor of production. There-
fore our empirical production function is specified as follows:

(4) In(M)=aq +5i0, IN(X) +2 3 3y IOG) INOG) +3 ip TG +5,T +2 8T,

This production function reduces to a Cobb-Douglas technology if §; =0,
yr=0and & =0.1f 3 3;=0and y;a; =1, then there is linear homogeneity
in production. The Kmenta approximation of a CES function is obtained if
3 B; =0. Finally, if y;; =0 thereis Hicks neutral technical change.

' By differentiating equation (4) with respect to T we obtain the TFP growth
rate: TFPgrowth=d; +3 yir [IJn()g)+E S+ T . In sum, for each specification of (4),
our estimates provide tests for:

1. whether (4) reduces to a Cobb-Douglas production technology;
2. whether (4) islinear homogeneous across countries,
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3. whether (4) corresponds to the Kmenta approximation of the CES produc-
tion function; and
4. whether (4) is characterized by Hicks-neutral technical change.

II1.  DATA AND VARIABLE DEFINITIONS

The main source of the data used in our estimationsis FAOSTAT 2002, and
therefore our period of study covers 1961-2000. We consider countries whose
agrarian labor forceswere greater or equal to 300 thousand people; this sample
includes 86 countries. Our measure of output was obtained from Nin's et al.
(2003), and their agricultural output from 1980 (collected from a ERS/USDA
database) was expanded using the rates of growth implicit in the FAOSTAT
output indexes. The base years are 1979-81 period. The latter are indexes of
agricultural and livestock-related production net of feed and seeds used as in-
puts. Nin's et al. database does not have data for the 86 countries whose agrar-
ian labor forces were greater or equal to 300 thousand people, therefore the
final sample is reduced to 77 countries. We consider six inputs entering in the
agricultural production function: rural labor, capital, permanent cropsland, per-
manent pastures land, livestock, and fertilizer.

The rural labor corresponds to the economically active population. We in-
terpolate the figures for rural economically active population reported by
FAOSTAT, because these data have a periodicity of 10 years. We use a constant
rate of growth between each one of the reported points. Agricultural capital is
proxied by the number of tractors available in each economy as has been done
in previous research.*

The construction of the livestock seriesfollowed Sere and Steinfeld (1996).
That is, we express the livestock in cow-equivalent units, correcting for differ-
ences in body sizes across different geographical regions. Finaly, we use the
total metric tons of fertilizer used each year.

Section V, which explores the determinants of TFP, adds to the previous
data sources and variables the following ones. The data on irrigated land (ha),
total population, literacy rate (%) and domestic credit to private sector (% of
GDP) were obtained from the World Devel opment Indi cators 2003 of the World
Bank. The dataon main telephonelines, electricity generating capacity (inkilo-
watts), paved roads and roads (in Km) were taken from Calderon and Serven
(2003). The temperature anomalies were obtained from NASA (0.01C). The
data on coups d'etat was taken from Easterly and Levine databse which are
available through the CID-World Bank data surfer.

V. AGRICULTURAL PropUCTIVITY GROWTH: NEW | NTERNATIONAL EVIDENCE FROM
TRANSLOG ProbucTiON FUNCTIONS
Table 2 reports the results of our translog estimation. We must remark that

in our estimations we do not instrument the independent variables due to lack
of suitable instruments. Regression (1) has as reference group the low-income

4 See Nin et al. (2003) among others.
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TABLE 2
TRANSLOG ESTIMATIONS.
(1961-2000)
@ @ @ @ @ @
Ly Ly Ly Ly Ly Ly
Lani 0.0259 -0.1918 Lfertltract 0.0149 0.015 hi_lani -0.3063
(013 (015) (0.0032)** | (0.0032)*** (0.0456)***
Lindp -0.0177 -0.1104 Lfertlani -0.0206 -0.0202 hi_lindp 01231
(0.11) (0.09) (0.0050)*** | (0.0052)*** (0.0559)**
Lindc -0.0146 0.1633 Lanillndp | -0.0185 -0.0056 hi_lindc 0.2275
(011) (0.10) (00082¢* | (0.01) (0.0431)%**
Llabor 0.3604 0.2054 Lanilindc -0.0489 -0.0339 hi_llabor -0.0953
(01292** | (014) (0.0079)** | (0.0075)*** (0.0379)*
Ltract -0.1127 -0.1247 | Lanillahor -0.0055 0.0046 hi_ltract -0.0255
(0.0538)** | (0.0528)** (0.01) (0.01) (0.02)
Lfert 0.3267 0.2558 Laniltract 0.0199 0.0143 hi_lfert -0.069
(0.0493)*** | (0.0535)*** (0.0054)*** | (0.0053)*** (0.0213)***
lIndp2 -0.0023 00037 | Lindplindc | 0.0113 0.0026 lowlac_lani 0.1435
(0.01) (0.01) (0.01) (0.01) (0.0322)***
lindc2 0.0203 00201 | LlIndpllabor | 0.0449 00445 | Lowlac_lindp -0.0907
(0.0040)*** | (0.0040)*** (0.0094)** | (0.0093)*** (0.08)
lani2 0.0237 00177 | Lindpltract | 0.0032 0.0048 Lowlac_|Indc 02174
(0.0075)*** | (0.0077)** (0.00) (0.00) (0.0428)***
llabor2 -0.0176 -0.021 | Lindcllabor |  0.0601 00519 | Lowlac llabor 0.129
(0.0095)* | (0.0093)** (0.0087)*** | (0.0085)*** (0.0376)***
Itract2 -0.005 -0.003 Lindcltract | -0.0022 -0.0039 | Lowlac_ltract 0.0455
(0.0022)** (0.00) (0.00) (0.00) (0.0202)**
Ifert2 0.008 0.0083 |Llaborltract | -0.025 -0.0236 lowlac_Ifert 0.067
(0.0016)** | (0.0016)*** (0.0061)*** | (0.0060)*** (0.0216)***
T -0.0339 -0.0321 Tlindp -0.0004 -0.0005 Observations 3038 3038
(0.0035)*** | (0.0036)*** (000) | (0.0003)* | R-squared 1 1
T2 0.0001 0.0001 Tlindc 0.0012 0.0013
(0'0000)*** (Ol(xxx))** (00003)*** (0.0003)»&”
Lfertllabor | -0.0174 -0.0175 Tllabor -0.0016 -0.002
(0.0049)*** | (0.0049)*** (0.0003)** | (0.0003)***
Lfertlindp -0.0069 -0.0077 Tltract -0.0001 -0.0005
(0.0028)* | (0.0028)*** (0.00) (0.0003)*
Lfertlindc -0.0112 -0.0118 Tlani 0.0035 0.0038
(0.0033)*** | (0.0033)*** (0.0004)*** | (0.0004)***
Tifert 0.0002 0.0004
(0.00) (0.00)

Robust standard errorsin parentheses.
significant at 10%; ** significant at 5%; *** significant at 1%.
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TABLE 2 (b)
VARIABLE DEFINITIONS FOR TABLE 2 (a)

Lani: In(livestock)

LIndp : In(pasture lands)

LIndc: In(crop lands)

Llabor: In(labor force)

Ltract: In(tractors)

Lfert: In(fertilizers)

IIndp2: [In(pasture lands)]*2

IIndc2: [In(crop lands)]*2

Lani2: [log(livestock)]"2

Llabor2: [In(labor force)]"2

Ltract2: [In(tractors)]*2

Lfert2: [In(fertilizers)]"2

T : timetrend

T2 :time trend squared

Lfertllabor: In(fertilizers)* In(labor force)

LfertlIndp: In(fertilizers)* In(pasture lands)

Lfertlindc: In(fertilizers)*In(crop lands)

Lfertltract: In(fertilizers)* In(tractors)

Lfertlani: In(fertilizers)*In(livestock)

Lanillndp: In(livestock)* In(pasture lands)

Lanillndc: In(livestock)* In(crop lands)

Lanillabor: In(livestock)* In(labor force)

Laniltract: In(livestock)* In(tractors)

LIndplindc: In(pasture lands)* In(crop lands)

LIndpllabor: In(pasture lands)* In(labor force)

LIndpltract: In(pasture lands)* In(tractors)

LIndcllabor: In(crop lands)* In(labor force)

LIndcltract: In(crop lands)* In(tractors)

Llaborltrac: In(labor force)* In(tractors)

TlIndp: time trend* In(pasture lands)

TlIndc : time trend* In(crop lands)

Tllabor: time trend* In(labor force)

Tltract: time trend* In(tractors)

Tlani: time trend* In(livestock)

Tlfert: time trend* In(fertilizers)

hi_lani: high income countries dummy* In(livestock)

hi_IIndp: high income countries dummy* In(pasture land)

hi_IIndc: high income countries dummy* In(crop land)

hi_Ilabor: high income countries dummy* In(labor force)

hi_lItract: high income countries dummy* In(tractors)

hi_Ifert: high income countries dummy* In(fertilizers)

lowlac_lani: low income and L atin America countries dummy* In(livestock)
Lowlac_lIndp: low income and L atin America countries dummy* In(pasture land)
Lowlac_lIndc: low income and Latin America countries dummy* In(crop land)
Lowlac_llabor: low income and Latin America countries dummy* In(labor)
Lowlac_ltract: low income and Latin America countries dummy* In(tractors)
lowlac_Ifert : low income and Latin America countries dummy* In(fertilizers)
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countries and regression (2) has as a reference group the high-income coun-
tries. As mentioned, for both regressions we test whether our model: (1) re-
duces to a Cobb-Douglas technology; (2) is linear homogeneous; (3) corre-
sponds to the Kmenta approximation of the CES production function; and (4)
exhibits Hicks-neutral technical change. The four tests are rejected for both
specifications with p-values equal to zero. Therefore, we conclude that the
translog function as specified is the most appropriate for carrying out paramet-
ric TFP growth estimations. In the same spirit, we test the joint significance of
the variables used in the computations of the TFR, the null hypothesis of coeffi-
cients equal to zero is rejected with p-value equal to zero. Finaly, we carried
out Dickey-Fuller testson the errors’ correlation structure given the time series
nature of the data. For both specifications the existence of unit root was re-
jected.

Regression models (1) and (2) provide estimates of TFP growth. Table 3
reports estimates for the three groups of countries, namely LAC, non-LAC de-
veloping countries, and high-income countries.> The table shows the results of
our first specification for LAC and the other poor countries and the second
specification for the high-income countries. Besides TFP growth rates Table 3
aso reportsthe rate of growth of output per worker, output per hectar and total
output.

In LAC, the country with the highest TFP growth is Brazil, which averaged
1.93% per year during 1960-2000. We must recall that Arnade (1992) finds for
Brazil aTFP growth of 1.71% for the period 1968-1987. Mexico follows Brazil
with an average increase of 1.85%. In the third position and very close to
Mexico's average wefind Argentinawith an increase of 1.84%. On the last spot
of our sample we find El Salvador with an average increase of 0.53%. The
previous-to-last spot isoccupied by Paraguay with an averageincrease of 0.74%
per year.

Regarding the high-income countries, the highest TFP growth was Austra-
liawith 2.17% per year, followed by the U.S. with an average increase in TFP
of 2.04%. We must recall that USDA reported a TFP growth of 1.95% for USA
for the period 1950-1982. The third spot is occupied by France with a TFP
increase of 1.74% per year. Thelast spot is occupied by Finland with avery low
0.21%. The previous-to-last last position is occupied by Denmark with a0.68%
per year. Among the non-LAC developing countries, Indiaf led the group with
an average TFPincrease of 1.98% followed by Chinawith anincrease of 1.67%
and South Africa with 1.64%. Among the lowest TFP growth in the full the
sample is Papua New Guinea with a reduction of 0.36% per year. The arith-
metic average for the TFP growth of the high-income countries is 1.36% per
year followed by LAC with an average increase of 1.2%. The rest of the poor
countries show an average of 0.74%.”

5 A cursory look over the results suggests that there are no significant differences in the
TFP rates of growth across both specifications.

6 Rosegrant and Evenson (1999) provide and estimate for TFP growth of approximately
1% per year for the period 1957-1985.

7 Wemust recall that Nin et al. (2003) find and average TFP growth for devel oping coun-
tries close to 1.3%.
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FIGURE 1
AVERAGE RATE OF GROWTH OF OUTPUT PER HECTAR AND PER WORKER
(1961-2000)
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Source: Faostat 2003.

Figure 1 complementstheresults shownin Table 3. Figure 1 isascatter plot
between the rate of growth of output per worker and output per hectar. We add
a 45 degree line in order to distinguish the fastest rate of growth. This graph
shows that, in general, the developed world has experienced afaster growth of
output per worker relative to the growth of agricultural yields, whereas the op-
posite has occurred in the developing world.

Table 3 corroborates the conclusions that can be derived from the scatter
plot. In Latin America the average rate of growth of the output per worker is
1.17%, whereasin the high income countries is 4.23%, showing a very signifi-
cant difference. Thisresult seemsto indicate that in developed countries labor
has been substituted by other inputs.® This gap increases once the poor non-
LAC countriesare considered; thisgroup hasan averagerate of growth of 1.07%.
With respect to the growth of the agricultural yields, we observe again that the
high-income countries have the fastest growth, 1.97%; L atin America has aver-
age rate of growth of 1.82% and the group of poor non-LAC countries 1.60%.
Therefore, the gap existing between regions yields' growth are not as signifi-
cant as in the case of output per worker. Finally, the evolution of total agricul-
tural output behaves differently to the previous pattern. The green revolution
seemsto have had alarger impact in LAC that shows an average output growth

8 Indeed, this prediction is corroborated in the labor estimations of the transl og-function.
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TABLE 3
AGRICULTURAL TFP GROWTH AND OTHER MEASURES OF PRODUCTIVITY.
PARAMETRIC ESTIMATES: SUMMARY STATISTICS
Average TPF Average | Output per Average | Output per Average Output
TPF Growth Growth worker Growth hagrowth Output growth
Growth over 40 | Output per | growth over | Outputper | over 40 Growth over 40
(%) years (%) | worker (%) | 40 years (%) ha (%) years (%) (%) years (%)

Latin America
Argentina 184 107.61 2.39 151.51 214 128.65 207 122.55
Bolivia 118 60.13 207 122.58 345 275.31 3.90 344.87
Brazil 193 114.44 361 298.44 2.36 148.14 3.46 276.67
Chile 120 61.32 204 120.19 187 105.96 268 180.08
Colombia 143 76.65 1.86 105.46 217 130.83 2.58 170.17
Cuba 117 59.10 0.28 11.49 -111 -35.34 -0.05 -1.88
Ecuador 128 66.23 173 95.34 0.62 27.39 2.65 176.98
El Salvador 0.53 2331 0.34 14.35 0.57 24.62 137 70.29
Guatemaa 0.79 36.83 142 7318 1.49 78.02 3.36 262.38
Haiti 0.97 46.95 0.18 7.30 0.82 37.74 0.81 36.92
Honduras 0.78 36.38 148 77.39 241 152.70 268 180.00
México 185 108.54 222 135.56 2.92 207.71 315 234.81
Nicaragua 0.79 36.98 152 80.10 1.49 78.28 210 124.68
Paraguay 0.74 34.34 172 94.59 233 145.60 355 290.29
Peru 136 7181 127 63.59 2.79 192.21 272 184.57
Venezuela 135 70.97 315 235.26 2.76 189.32 318 238.68
Average 1.20 63.22 171 105.40 182 117.95 251 180.75
High Income
Austrdia 212 131.84 2.66 178.71 2.69 182.11 253 164.98
Austria 0.69 3179 4.46 448.49 1.26 62.92 0.82 37.39
Canada 123 62.95 4.80 523.50 159 84.90 270 183.13
Denmark 0.66 30.28 415 388.10 0.94 4421 1.04 49.53
Finland 0.25 10.50 3.98 358.95 4.16 389.86 0.50 2125
France 177 101.76 541 679.20 2.06 12141 132 67.04
Germany 139 7337 522 627.94 180 100.15 1.00 47.26
Greece 162 89.85 4.03 367.40 2.05 121.07 191 109.21
Ireland 0.72 3350 4.15 388.22 2.30 142.74 181 100.97
Italy 173 98.59 5.01 572.03 121 59.93 1.03 49.01
Japan 140 7431 5.32 656.09 2,67 179.29 0.99 46.58
Netherlands 116 58.55 3.65 304.99 2.78 191.45 217 130.83
Portugal 141 75.02 317 237.93 -011 —4.26 1.06 50.60
Spain 1.89 11150 6.10 908.42 274 187.28 2.64 176.56
United Kingdom 167 93.64 253 164.79 1.37 70.29 104 4951
USA 211 130.77 298 213.99 1.98 114.69 172 94.12
Average 1.36 7551 4.23 438.67 197 128.00 152 86.12
Poor Countries
(Non-LA)
China 167 94.10 297 213.65 3.02 219.40 4.46 447.88
India 1.98 119.17 120 59.04 2.65 176.87 261 172.66
Papua New Guinea -0.36 -13.41 0.00 0.00 0.00 0.00 0.00 0
SierraLeone -0.18 —7.06 0.18 7.34 0.81 37.02 0.83 38.00
South Africa 164 91.43 272 184.36 194 111.96 179 99.86
Zambia -0.26 -9.85 -0.14 —5.37 212 126.93 212 127.02
Average 0.74 37.55 1.07 76.71 1.60 101.73 1.98 141.19
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of 2.51%, poor non-LAC have 1.98%, whereas the high income countries expe-
rienced an average growth of 1.52%.

InLAC the group of thefastest growing countries regarding output per worker
is not very different to the ones that experienced the fastest TFP growth. The
same happens with the countries with the slowest rate of growth. Indeed, the
Spearman rank correlation is 0.68. The null hypothesis that both variables are
independent is rejected with a p-value equal to zero.

For the high-income countries there seems not to exist a structural rela-
tionship between the rates of growth of output per worker and TFP growth.
The rankings are significantly different, as can be seen by noting that the
Spearman rank correlation is—0.05. The null hypothesis of independence be-
tween variables is accepted with a p-value of 0.85. Finally, for the group of
poor non-LAC countries the Spearman rank correlation is even higher than
for Latin America reaching 0.73, although the top three and bottom three
countries do change. The null hypothesis of independence is rejected with a
p-value equal to zero.

In LAC the group of the fastest growing countries regarding agricultural
yields is relatively different to the ones that experienced the fastest FTP
growth. The same happens with the countries with the slowest rate of growth.
Indeed, the Spearman rank correlation is 0.45, alower correlation than the
one existing between TFP growth and output per worker growth. The null
hypothesis of independence between these two variables has a p-val ue equal
to 0.10.

For the high-income countries again there seems not to be a structural rela-
tionship between the rates of growth of agricultural yieldsand TFP growth. The
rankings are significantly different, as can be seen by noting that the Spearman
rank correlation is 0.06. The null hypothesis of independence can not be re-
jected and has a p-value equal to 0.83. Finally, for the group of poor non-LAC
countries the Spearman rank correlation is significantly lower than for Latin
Americareaching 0.23. The null hypothesis of independence between both vari-
ablesis accepted with a p-value of 0.15.

In LAC the group of the fastest growing countries agricultural output is
significantly different to the ones that experienced the fastest FTP growth. The
same happens with the countries with the slowest rate of growth. Indeed, the
Spearman rank correlation is 0.15, a lower correlation than the one existing
between TFP growth and output per worker growth. The null hypothesis of
independence between both variables has a p-value equal to 0.57.

For the high-income countries there seems to be a structural relationship
between the rates of growth of output and TFP growth. The rankings are not
very different, as can be seen by noting that the Spearman rank correlation is
0.43. The null hypothesis of independence has p-value equal to 0.10. Finally,
for the group of poor non-LAC countries the Spearman rank correlationis sig-
nificantly higher than for Latin America reaching 0.44. The null hypothesis of
independence is rejected with anull equal to zero.

Table 4 presents the results of our estimations of returnsto scale and factor
elasticities based in our translog estimations. In LAC, the average return to
scale is 0.94. With Brazil, Argentina and Mexico having scale coefficients of
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TABLE4
RETURNS TO SCALEAND FACTORS ELASTICITIES. TRANSLOG ESTIMATIONS
Returns | Tractors Labor Pasture Crops Animal
to Elasticity | Elasticity | Land Land Stock Fertilizer
Scale Elasticity | Elasticity

Latin America
Argentina 1.09 0.09 0.77 -0.04 -0.03 0.21 0.08
Bolivia 0.95 0.06 0.64 -0.02 -0.06 0.28 0.04
Brazil 115 0.08 0.74 0.06 0.11 0.11 0.07
Chile 0.89 0.09 0.55 -0.05 -0.10 0.25 0.15
Colombia 1.01 0.08 0.66 0.02 0.03 0.14 0.08
Cuba 0.90 0.08 0.53 -0.02 -0.06 0.20 0.18
Ecuador 0.93 0.07 0.60 0.00 -0.01 0.16 0.10
El Salvador 0.83 0.05 0.46 0.01 -0.02 0.16 0.17
Guatemala 0.89 0.05 0.52 0.02 0.02 0.15 0.13
Haiti 0.85 0.03 0.49 0.05 0.02 0.24 0.01
Honduras 0.86 0.06 0.52 -0.01 -0.03 0.19 0.13
México 1.02 0.10 0.64 0.01 0.00 0.20 0.08
Nicaragua 0.85 0.08 0.57 -0.04 -0.06 0.17 0.13
Paraguay 0.93 0.05 0.60 -0.04 -0.07 0.27 0.11
Peru 0.91 0.09 0.58 -0.02 -0.05 0.23 0.08
Venezuela, BR 0.96 0.09 0.65 -0.04 -0.05 0.18 0.13
Average 0.94 0.07 0.59 -0.01 -0.02 0.20 0.10
High Income
Australia 0.98 0.14 0.58 0.06 -0.04 0.16 0.08
Austria 0.75 0.04 0.32 0.04 0.07 0.08 0.20
Canada 0.86 0.08 0.41 0.06 0.04 0.11 0.17
Denmark 0.54 0.06 0.14 -0.01 -0.05 0.14 0.25
Finland 0.44 0.04 0.00 0.00 -0.08 0.20 0.28
France 0.94 0.07 0.44 0.10 0.15 0.05 0.13
Germany 0.86 0.05 0.34 0.10 0.12 0.08 0.16
Greece 0.89 0.05 0.45 0.09 0.16 0.06 0.09
Ireland 0.59 0.09 0.19 0.01 -0.12 0.21 0.22
Italy 0.96 0.03 0.44 0.12 0.21 0.04 0.11
Japan 0.79 0.01 0.22 0.14 0.19 0.10 0.13
Netherlands 0.65 0.07 0.25 0.02 -0.02 0.14 0.19
Portugal 0.80 0.03 0.36 0.08 0.17 0.06 0.10
Spain 1.00 0.05 0.51 0.12 0.22 0.02 0.08
United Kingdom 0.79 0.10 0.35 0.05 -0.02 0.16 0.15
USA 1.09 0.10 0.55 0.13 0.13 0.08 0.11
Average 0.81 0.06 0.35 0.07 0.07 0.11 0.15
Poor Countries
(Non-LA)
China 114 0.04 0.57 0.16 0.21 0.13 0.02
India 1.05 0.04 0.48 0.15 0.15 0.20 0.03
Papua New Guinea 0.95 -0.06 0.47 0.12 0.19 0.07 0.16
SierralLeone 0.86 0.00 0.49 0.04 0.06 0.19 0.08
South Africa 1.00 0.10 0.66 -0.03 -0.06 0.21 0.12
Zambia 0.85 0.02 0.43 0.01 0.00 0.22 0.16
Average 0.92 0.04 0.51 0.03 0.02 0.22 0.09
World Average 091 0.05 0.52 0.02 -0.01 0.22 0.09
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1.15, 1.09 and 1.02 respectively. For the high-income countries our estimations
imply an average scale coefficient of 0.81. Thislow mean is mostly due to the
low scale coefficients of Finland and Denmark. The highest scale coefficients
are those of the U.S. with 1.09, Spain with 1.0, and France with 0.94. In the
sample of non-LAC developing countries, India had a scale coefficient 1.05,
China had a scale coefficient of 1.14, South Africa had a corresponding esti-
mate of 1.00.

In general, given the large standard errors implied by a translog estima-
tion our scale coefficients and factor elasticities should be considered only as
reference. The bottomline is that for most of the world, we cannot reject the
possibility that agricultural production exhibits constant returnsto scale. From
a policy viewpoint, it is perhaps more interesting to understand why some
countries had better TFP performances than others. Thisis the topic of Sec-
tion V.

Finally, Table 5 showsthemarginal productsof theinputsused inthetransliog
specification. The table reports the average marginal products by region based
on the elasticities reported in Table 4. This was done by multiplying the elas-
ticities by the mean of the ratio between the agricultural output and the respec-
tiveinput. Inreading thistable isworth to keep in mind that output is measured
in million of 1979-1981 US$, labor is measured in thousand workers, tractors
in units, crop and pasture land are measured in thousand hectares, livestock is
measured in cow units and fertilizer in metric tons. This table aso includes
upper and lower bounds for our estimates. These bounds were computed using
the average variation coefficient by region on the ratio between output and in-
puts used in computing the marginal effects.

TABLES
MARGINAL PRODUCTS DERIVED FROM THE TRANSLOG PRODUCTION FUNCTION
(Elasticities Evaluated at variable mean; 1961-2000)

Crop Pasture
Labor | Tractors | Land Land | Livestock | Fertilizer
Lower bound 13355 | 00161 | -0.2899 | 0.0022 | 0.0004 | 0.0024
LAC 16820 | 0.0278 | -0.2335 | 0.0029 | 0.0005 | 0.0068
Upper bound 20285 | 00395 | 01771 | 0.0036 | 0.0006 | 0.0111
Lower bound 33940 | 00011 |-16.9456 | 0.2587 | 0.0007 | 0.0010
High Income 6.0355 | 0.0020 |-13.6258 | 0.3552 | 0.0008 | 0.0013
Upper bound 86770 | 0.0030 |-10.3061 | 0.4516 | 0.0010 | 0.0016
Lower bound 03712 | 0.0066 | -0.8555 | 0.1427 | 0.0006 |-0.1203
Poor (non_LAC) 0.4748 | 0.0180 | -0.6865 | 0.1960 | 0.0007 | 0.2926
Upper bound 05784 | 0.0294 | 05175 | 02493 | 0.0009 | 0.7056
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Themarginal effectsfor each variable assume keeping al el se constant. For
LAC countries in the sample an extra worker produces in average US$ 1,682.
For the high-income countries this figure increases to US$ 6,035, whereas for
poor non-LAC countriesthisfigure decreasesto US$ 474. An extratractor pro-
duces in LAC about US$ 27,800, while in high-income countries US$ 2,000
and in poor non-LAC US$ 18,000. An extra hectare of crop land decreases
output by US$ 233 in LAC, by US$ 13,625 in high income countries and by
US$ 686 in poor non-LAC. Whereas an extra unit of pasture land increases
output by US$ 2,9in LAC, by US$ 355in highincome countriesand by US$ 196
in poor non-LAC countries. An extra cow unit increases output by US$ 500 in
LAC, by US$ 800 in high income countries and by US$ 700 in poor non-LAC.
Finally, an extrametric ton of fertilizer increases output in LAC by US$ 2,400,
by USS$ 1,300 in high-income countries and by US$ 292,000 in poor non-LAC
countries. We believe that these estimates do not provide an exact figure of the
marginal products, but show the feasibility of the translog function as arepre-
sentative function for our sample and should be used only asreference and with
caution. The results, however, also reveal some of the disadvantages of the
translog production function in form of implausible coefficients over certain
range of the key variables. We believe thisis the case for fertilizer use in poor
non-LAC countries, crop land in high-income countries, and pasture land in
LAC. Inany case, we a so believe that the region rankingsin the reported mar-
gina effectsarereliable.

A negative marginal product for crop land might be surprising for some
readers, but it isnot an unlikely scenario. Indeed, by increasing crop land with-
out increasing none other factor implies not just a decrease in the inputs de-
voted to each hectare but also a decrease in managerial resources; al these
effects might indeed cause a drop in the yields per hectare. In contrast, an in-
creasein pasture land implies morefeed for each animal consistent with aposi-
tive marginal effect.

V. THE DETERMINANTS OF TFP

For the study of the determinant of TFP across countries is easier to esti-
mate a Cobb-Douglas production function because the analysis needs to con-
trol for the contribution of agricultural factors of production as well as factors
that influence the context in which agricultural production is taking place. For
example, infrastructure coverage and the depth of domestic financial markets
might affect not only the stock of the factors of production that are available
within each economy, but also these variables might influence the efficiency in
the use of the production factors. This section follows the alternative Cobb-
Douglas approach because in this case we have suitable instruments for our
variables of interest. In the estimations reported in Table 6 we use as instru-
mentsthelags 5 through 19 of theinput variables. This reduces our sample, but
alows us to recover appropriated Hansen tests for the validity of instrumental
variables. An additional considerationisthat in thiscase our estimationiscompa
rable to some of the existing literature. A fully specified Translog production
function was not feasible due to the large number of explanatory variables that
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would be required.® The list of contextual determinants of TFP to be examined
includesirrigated land per worker, the number of telephone lines per capita, na
tional electricity generating capacity per capita, the extent (in kilometers) of paved
roadsand roadsin general (in per capitaterms), temperature anomalies measured
as deviations from long-run averages, coups d'etat (a measure of institutional
volatility), theilliteracy rate, and credit to the private sector. We estimate a Cobb
Douglas specification using factorsin per worker terms. In our estimates we use
fixed effects and time dummies given the time series nature of the data. For this
reason we carried out Dickey-Fuller testson the seria correlation of theerrors. In
all our specification we reject the null hypothesis of unit root.

Table 6(a) presents the estimation results. Our results show a positive and
significant coefficient associated with irrigated land per worker up to regres-
sion (10), from then on this variable is not significant due to the inclusion of
other controls (illiteracy); electricity generating capacity per capita enters sig-
nificantly with apositive sign; telephone density a so enterswith apositivesign
athough it is not significant. Surprisingly, road coverage per capita (paved or
total) has a negative and significant effect on agricultural productivity. As ex-
pected, theilliteracy rateis significant with anegative coefficient in regressions
(11) trough (13).

Regressions (9) to (11) include two measures of temperature anomalies. In
specification (9) we use ssimply temperature anomalies, in specifications (10)
and (11) we use positive temperature anomalies in order to test the impact of
global warming. In regressions (9) and (10) these variables are significant at
10%, whereasin regression (11) positive temperature anomalies are marginally
insignificant dueto theinclusion of illiteracy as explanatory variable. We specu-
late that this might be due to the significant correlation between both variables.

In specifications (7) through (13) we add our credit measure, which results
significant but with negative sign in regressions (10) through (13). In specifica-
tions (8) to (12) we add our coup d’etat variable which is significant and with
negative sign up toregression (11) inwhichilliteracy isadded. Again we specu-
latethat countrieswith higher illiteracy might experience more coupsand there-
fore by including illiteracy coups looses its significance.

With respect to the elasticities of the inputs of the production function we
have the following results for the instrumented regressions:. the elasticity of
animal stock fluctuates between 0.14 y 0.19 depending on the specification; the
elasticity of pasture land goes from 0.21 to 0.41; the elasticity of crop land
moves from 0.12 to 0.15; the tractors' elasticity fluctuates between 0.15y 0.18
and the fertilizants's elasticity between 0 and 0.04. Under the assumption of
constant returns to scale the labor elasticity fluctuates between 0.15 and 0.25.
The most unstable elasticity isthe pasture elasticity. In particular this elasticity
jumps onceilliteracy is added.

9 Note that the translog production function requires interacting the contextual variables
with the country-group dummies and with all the relevant factors of production. Thusthe
model quickly becomes unidentifiable.

Another alternative was to use the estimated translog-TFP growth rates as dependent
variable explained by the contextual variables. However, we believe that the underlying
orthogonality assumption too strong and therefore inappropriate.
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TABLE 6 (b)
VARIABLE DEFINITIONS FOR TABLE 6 (a)

Ln(irriga/w) : In(irrigated land per worker)
Ln(animals/w) : In(livestock per worker)
Ln(pasture/w) : In(pasture land per worker)
Ln(crops/w) : In(crop land per worker)
Ln(tractors/w) : In(tractors per worker)
Ln(fert/w) : In(fertilizer per worker)
Ln(electric/p) : In(electricity generating capacity per capita)
Ln(telecom/p) : In(main phone lines per capita)
Ln(proad/c) : In(km paved roads per capita)
Ln(road/c) : In(km roads per capita)

Iliteracy : illiteracy rate

t_anom : temperature anomalies

t_anom_p : positive temperature anomalies
Coups: Copusd etat

Credit : credit to the private sector (%GDP)
Trend : Timetrend

Lac Trend: Latin America* timetrend

From Table 1 that summarizes previous studies we know that: animal stock
elasticity fluctuates between 0.14 and 0.30, close to the range we obtain for our
estimates; tractors elasticity moves between 0.06 and 0.14, also in therange we
obtain for our elasticities; finaly, labor elasticity fluctuates between 0.03 and
0.46, thus our estimates are in the middle of this range; land ranges from 0 to
0.42, therefore the sum of the crops and pasture’s elasticities we estimate is
higher than thisreferenceinterval. Unfortunately we are not aware of any other
study that has added pasture land as an input different from crop land, therefore
we have no reference for the sum of their elasticities.

We take the ranges of the elasticities of the translog as a reference for the
Cobb Douglas function. The most striking result isthe differences between the
estimated land elasticities and labor elasticities. Despite the fact that land elas-
ticities fluctuate significantly in the translog specification they show very low
averages. Indeed, almost al the difference in the values of the labor elasticity
between the Cobb Douglas specification and the translog is due to the differ-
ences in the values of the elasticities of the two types of land we use. For the
other three inputs both functional specifications do not show significant devia-
tions. However, what is clear from the differences between the translog and
Cobb Douglaselasticitiesisthat most likely pasture land asinput interactswith
other factors of production, either as a complements or substitutes, mechanism
that is not captured by the Cobb Douglas specification.
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VI. Is LATIN AMERICA DIFFERENT?

Tables 7(a)-7(c) shows whether Latin America behaves differently and
whether have been differencesinits productivity determinantsthrough the nine-
ties decade. Table 7(a) reports the estimated regression. Table 7(b) shows the
effects of the infrastructure variables for Latin Americaduring the nineties and
for the whole sample during the period 1960-2000. Table 7(c) showsthe effects
of each input for Latin America during the nineties and for the whole sample
during the period 1960-2000. For this estimation we use asinstrumentsthe lags
5 through 19 of the input variables, and our estimates include fixed effects and
time dummies. Asin all the previous specifications we carried out the Dickey-
Fuller test rejecting its null hypothesis.

From Tables 7(a)-(c) we note that once we interact LAC and nineties dum-
mies al infrastructure variables recover its significance for the whole sample
and the whole period. However, the effect of irrigation on productivity is no
longer significant. llliteracy hasasdlightly negative coefficient in Latin America
up to the end of the eighties, however during the nineties decadeilliteracy in-
creases its importance for productivity but its effect is still not significantly
different from zero. In Latin Americathe effect of electricity generating capac-
ity over the period different from the ninetiesis positive asin thewhole sample,
however during the nineties this effect decreased loosing its significance. Re-
garding paved roads Latin America appears to be different to the rest of the
sample having this variable a positive and significant impact in productivity
which seemsto have kept constant through the nineties decade. The number of
phone linesis significant for Latin America as for the whole sample, however
in LAC this effect changes during the nineties decade, loosing its significance.
For the whole sample, credit has a negative impact, whereas for Latin America
this effect is positive, however this effect vanishes during the nineties decade.?

Iliteracy is not significantly different from zero for LAC, this result does
not mean that this variable does not have and indirect effect through other vari-
ables or factors of production. Indeed, for LAC Figure 2 shows a strong and
significant relationship betweenilliteracy and fertilizer during the nineties. This
relationship might be indicative that higher levels of education imply a higher
degree of sophistication on the usage of agricultural techniques. Finally, isworth
to keep in mind that even if illiteracy or education does not play a significant
rolein aproduction function it might play an important role in the all ocation of
resources and therefore in the costs structure. The former should be analyzed
by studying added value functions and not production function.®

Table 7(c) shows the effects of inputs in the production function for LAC
during the nineties. In LAC the largest elasticity is associated to animal stock
with acoefficient of 0.32; it isfollowed by the crop land coefficient equal to 0.24;
fertilizer has a coefficient of 0.07. The remaining two coefficients are associated
to pasture land and tractors, but both are not significant at a10% confidencelevel.
Nevertheless, pastureland hasap-value of 0.16. If we add the coefficientsand we

10 Thesignificance of each variable during the nineties decade was determined carrying out
the corresponding F-test.
11 See Huffman (2001) for afull discussion on the role of education on agriculture.
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TABLE 7 (a)
ISLATIN AMERICA DIFFERENT?
lyw lyw
In(irrigate/w) -0.0316 lac90* In(fert) -0.0136
(0.0564) (0.0276)
In(animal s/w) 0.1111 Iliteracy -0.0179
(0.0515)** (0.0026)***
In(pasture/w) 0.6587 In(electric/p) 0.0418
(0.0755)*** (0.0242)*
In(cropsiw) 0.0555 In(proad/p) -0.238
(0.0638) (0.0557)***
In(tractors/w) 0.1979 In(telecom/p) 0.0596
(0.0246)*** (0.0299)**
In(fert/w) 0.0109 Credit -0.0011
(0.0248) (0.0003)***
lac* In(irriga/w) 0.0044 lac*illiteracy 0.0169
(0.0991) (0.0071)**
lac* In(animals/w) 0.2991 lac* In(electric/p) 0.0237
(0.1466)** (0.0340)
lac* In(pasture/w) -0.5572 lac* In(proad/p) 0.6376
(0.1342)*** (0.0925)***
lac* In(crops/w) 0.1601 lac* In(telecom/p) 0.0003
(0.1087) (0.0579)
lac* In(tractors/w) -0.1345 lac* credit 0.0013
(0.0804)* (0.0006)**
lac* In(fert/w) 0.0729 lac90*illiteracy -0.0073
(0.0340)** (0.0036)**
1ac90* In(irriga/w) 0.0406 lac90* In(electric/p) -0.0522
(0.0316) (0.0394)
1ac90* In(animal s/w) —0.0906 lac90* In(proad/p) -0.0232
(0.0661) (0.0410)
1ac90* In(pasture/w) 0.0475 lac90* In(telecom/p) -0.0015
(0.0393) (0.0424)
1ac90* In(crops/w) 0.0214 |ac90* credit 0.0004
(0.0233) (0.0006)
1ac90* In(tractors/w) -0.0208 Observations 886
(0.0368) Hansen's (p-value) 0.22

Robust standard errorsin parentheses.

* significant at 10%; ** significant at 5%; *** significant at 1%.
Lac: indicates Latin America dummy.

90: indicates nineties dummy.

Instruments: lags 5/19.
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TABLE 7 (B)
THE EFFECT OF PUBLIC GOODS ON AGRICULTURAL-SECTOR PRODUCTIVITY
GROWTH IN LACAND THE REST OF THE WORLD
(Effect of a 1% increase of each variable on the average annual growth of
Agricultural Total Factor Productivity)

Effectin LAC Effect in the Rest of the World
in the 1990s during 1960-2000
Iliteracy -0.008 -0.018
0.330 0.000
Irrigation 0.013 -0.032
0.880 0.580
Roads 0.376 -0.238
0.000 0.000
Telephone Density 0.058 0.060
0.160 0.050
Credit to Private Sector 0.001 -0.001
0.210 0.000
Electricity Generation 0.013 0.042
0.740 0.085
p-values below coefficients.
TABLE 7 (c)

THE EFFECT OF INPUTSIN LAC AND THE REST OF THE WORLD
(Effect of a 1% increase of each variable on the average annual growth of
Agricultural Total Factor Productivity)

Effectin LAC Effect in the Rest of the World
in the 1990s during 1960-2000
Animal Stock 0.32 0.11
0.01 0.03
Crop Land 0.24 0.06
0.00 0.39
Pasture Land 0.15 0.66
0.16 0.00
Tractors 0.04 0.20
0.44 0.00
Fertilizer 0.07 0.01
0.00 0.66

p-values below coefficients.
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FIGURE 2
ILLITERACY AND FERTILIZER PER WORKER
(Change 2000-1980 whole sample; change 2000-1990 LAC sample)
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consider constant returnsto scale we obtain animplied elasticity of labor of about
0.18. However, we must keep in mind that the role of labor might be higher by
giving up the coefficients that are not significant, under this assumption the role
of labor greatly increases to an implied coefficient of 0.37.

Finally, Table 8 studies heterogeneity within Latin Americain the effects of
the variables studied in Table 7(a) on productivity and also for nineties decade.
The first row shows the total effect for Latin America in each infrastructure
variable during the nineties period. The remaining rows show the total effects
of each variable for each country during the nineties decade at a significance
level of 10%. For paved roads we al so test whether the coefficients are different
tothe ones estimated for LAC. For thisvariable all the reported coefficients are
different to the one reported for LAC, with the exception of Paraguay. The
countriesthat show ahigher degree of heterogeneity with respect to the average
Latin American country are: Chile and Colombia and Ecuador. The countries
with the higher homogeneity with respect to the average results are Honduras
and Mexico. Regarding the impact of illiteracy on productivity, this variable
has the most negative effect in Chile, whereasit has a positive effect in the case
of Colombia and Venezuela. Electricity has the most positive effect in the case
of Colombia and the most negative for Chile. Paved roads have a positive im-
pact for the region however it has some important degree of heterogeneity. The
country with the most negative effect for this variable is Brazil, whereas El
Salvador shows the most positive deviation. Phone lines have its largest effect
for the case of Brazil, and the smallest and negative for Ecuador. Credit hasits
greatest effect in the case of Venezuela and the most negative effect in the case
of El Salvador. Irrigation has its largest effect for El Salvador and the most
negative effect in the case of Peru.
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TABLES8
DETERMINANTS OF AGRICULTURAL PRODUCTIVITY IN THE 1990S:
HETEROGENEITY ACROSS LAC COUNTRIES

Illiteracy | Electricity | Paved | Phone Credit Irrigation
roads lines
LAC Effect 0.000 0.0000 | 0.3764 | 0.0000 | 0.0000 0.0000
Difference with respect to LAC Effect

arg ns ns ns 0.396 ns ns
bol ns ns ns ns ns ns
bra ns ns -1.388 | 1.800 0.001 -1.608
chl* -2.329 -3.832 | —1.205 ns -0.081 -3.467
col 0.633 2764 | -1.615 | 1.458 ns 1.000
ecu* —0.490 -1.001 | -0.504 | -1.442 ns —2.150
slv ns ns 1.066 1170 | -0.464 2.947
hnd* ns ns ns ns ns ns
mex* ns ns ns ns ns ns
nic -0.167 ns ns ns ns ns
pry Ns ns 0.857 ns ns ns
per Ns ns ns ns ns -10.488
ven 0.152 ns ns 1.439 0.012 ns

Note: Reported coefficients are significantly different from 0 at 10%.

* Indicatesthat adifferent set of instruments has been used in order to make possible the compu-
tation of the coefficients; either because of computational feasibility or in order to get appro-
priated Hansen’s tests.

VII. CONCLUDING REMARKS

This paper provided three contributionsto the literature on agricultural pro-
ductivity. First, we computed agricultural TFP growth for a panel of countries
using a translog-production function. We find substantial international hetero-
geneity in agricultural TFP growth rates, most developing countries have ex-
hibited positive rates during 1960-2000. In some instances, agricultural TFP
growth was actually higher in developing countries, such as Brazil, Mexico,
and Argentina, than in some advanced countriesthat had transformed their econo-
mies in earlier time periods, such as Denmark and Finland (see Johnston and
Mellor, 1961). However, on average, the agricultura productivity gap between
devel oped and devel oping countries did increase during the period under inves-
tigation.

In turn, we explored the determinants of agricultural productivity. The evi-
dence suggests that electricity generating capacity per capita has a positive im-
pact on TFP. Surprisingly, roads had a negative effect on TFP growth. Among
the other findings, illiteracy tendsto hamper productivity growth, thus stressing
the importance of basic skills in promoting technical progress in agriculture.
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We also found some evidence that positive temperature anomalies are damag-
ing for TFP growth, aresult that poses a question about the impact that global
warming will have on agriculture during the next decades. We also find some
evidencethat coups also hamper productivity. However, the significance of both
variables vanishes onceilliteracy isincluded in the regressions.

Finally, we studied whether LAC behaves differently from the rest of our
sample and concluded that these countries’ agricultural productivity did behave
differently in someimportant ways. For exampl e the effect of electricity gener-
ating capacity in LAC wasimportant until only until theend of the 1980s, while
during the nineties this effect decreased substantially loosing its statistical sig-
nificance. Regarding paved roads, LAC appears to be different. This variable
had an economically significant impact on agricultural productivity, and this
effect did not change for LAC during the nineties decade. Credit also has a
different effect in Latin Americawhen compared to the rest of the sample. For
the whole sample credit has a negative effect whereas for Latin America this
effect is not significantly different from zero. Phone lines have a positive im-
pact in LAC previously to the nineties, whereas during this period its effect is
positive but not significant. In our final analysis we also test for heterogeneity
within Latin Americain the effects of the different determinants of productivity
during the nineties decade. The results show that there are significant depar-
tures from the average effects for the region.
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Agricultural productivity... / Claudio Bravo-Ortega, Daniel Lederman

Thelist of countriesincluded in our initial sampleis:
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Code  Country Code  Country
1  Albania* 47  Madli
2  Algeria 48  Mauritania
3 Angola 49 Mexico
4 Argentina 50 Morocco
5 Austrdia 51  Mozambique
6 Austria 52 Myanmar
7  Bangladesh 53  Nepal*
8 Benin* 54 Netherlands
9 Boalivia 55  Nicaragua
10 Brazil 56  Niger
11  Bulgaria 57  Nigeria
12 BurkinaFaso 58  Pakistan
13 Burundi 59  PapuaNew Guinea*
14  Cambodia 60  Paraguay
15  Cameroon 61 Peru
16  Canada 62  Philippines
17 Chad 63  Poland
18  Chile 64  Portugal
19 China 65 Romania
20 Colombia 66 Rwanda
21 Cuba 67  Saudi Arabia*
22 Denmark 68  Senega
23 Ecuador 69 SierralLeone
24 El Salvador 70 Somdia*
25  Finland 71  SouthAfrica
26 France 72 Spain
27  Germany 73 Sri Lanka
28  Ghana 74 Sudan
29  Greece 75  Thailand
30 Guatemaa 76  Togo
31  Guinea 77  Tunisia
32 Haiti 78  Turkey
33  Honduras 79  Uganda
34  Hungary 80  United Kingdom
35 India 81  United States of America
36 Indonesia 82  Venezuela Boliv Rep of
37  Irag 83  Viet Nam
38 Ireland 84  Yemen*
39 ltaly 85 Zambia
40  Japan 86  Zimbabwe
41  Kenya
42  Laos*
43  Liberia*
44 Madagascar
45  Maawi
46  Mdaysia

* Indicates that output was not available for these countries.



