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IN LATIN AMERICA AND THE CARIBBEAN'

SranLey Woobp
LianGzHI You
XIAOBO ZHANG™”
International Food Policy Research Institute (IFPRI)

Because of the apparent slowdown in the growth of crop yield potential, the
increasing share of farmers already using modern crop varieties, and the
accel erating flow of knowledge on agricultural technol ogy, onewould expect to
find gradual convergence in observed crop yields. Instead, using a new, sub-
national yield database, we find a divergence. We illustrate how technology
generation has been biased towar ds more-favored production systems, leaving
persistent pockets of low yieldsin more marginal lands. Rainfall patterns appear
to have changed in waysthat exacerbateyield divergence. Cross-border barriers
to technology spillover appear larger among than within countries.
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1. INTRODUCTION

Therapid spread of new technologies acrossregionsiskey toacountry’s
economic prosperity and balanced devel opment. Taking agricultureasan example,
the diffusion of improved crop varieties has been a major source of agricultural
productivity growth (Evenson and Gollin, 2003). Facing the increasing pressures
of population growth, proportionately greater increases in the demand for food,
and dwindling stocks of suitable land resources, the global agricultural research
community has made tremendous strides in developing new, high-yield varieties
(HYVs) over the past several decadesin order to avoid the Malthusian nightmare
(Alston, 2002). The Green Revolution, widely recognized as a major achievement
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of these efforts, significantly improved theyield of theworld’ smajor food staples,
but especially of wheat, rice and later maize, averted widespread famine, and lifted
millions of poor farmers out of poverty (Borlaug, 1970; Hazell and Ramasamy,
1991). However, the significant gainsin potential crop yield accomplished during
the Green Revolution did not reach everywhere, and have become increasingly
difficult to emulate over time (Cassmanet al., 2003). We believethat the search for
new sources of productivity growth can be aided by improving our understanding
of the spatio-temporal evolution of crop yields.

Economists (Griliches, 1957; Rosenberg, 1982; Grossman and Helpman,
1995) have long recognized the importance of spatial spillover of technological
innovation for economic growthingeneral andincreasein productivity in particu-
lar. AsWan (2004) argues strongly, it is much more challenging to develop anew
technology than it is to adopt or adapt an existing one. In recognition of these
strong economic arguments, the past several decades have witnessed the expansion
of institutional mechanismsdesigned to foster the devel opment and dissemination
of agricultural technologiesin aregional and sub-regional context.! Regardlessof
the institutional setting, however, the constant quest for incremental gainsin the
genetic yield potential of crops appears to be subject to the law of diminishing
returns (Cassman et al., 2003). Asyield potential increases, further improvement
becomes more challenging. Furthermore, industry-scale yield growth in aregion
should diminish over time asfarmers abandon traditional crop varietiesand adopt
HYV's (since the proportionate yield gain derived from the initial adoption of
HY Vstendsto bemuchlarger than theindividual yieldincrementsmadeby adopting
successivegenerationsof HY V). Giventhe generally ready accessto agricultural
technologies, technology |atecomers may readily “catch up” simply by adopting
existing technol ogies superior to their own. All of thesefactors suggest that, over
time, onewould expect crop yieldsto converge. On the other hand, agroecol ogical
factors play a more significant role in the potential for transferring agricultural
technologies (i.e., technology spillover) than they do for industrial technologies
(Wood and Pardey, 1998). An HY'V suited to cultivation in a certain location may
not grow well in other areas due to differences in climate, terrain, or soil types.
Spatial variations in agroclimatic conditions may be an impediment to the
widespread transfer of agricultural technologies. Moreover, economic factors, such
asrelative prices of inputs and outputs, al so matter to the adoption of all types of
technologies, including HYVs. Whether the flow, adoption, and efficacy of
technol ogy have become more uniform over timeand spaceisan empirical question
we set out to address in this paper.

Many studieson technol ogy adoption and transfer are at amicro scaleand
few have examined the spatial patternsof technology spillover in abroader, cross-
country context, and at theindustry scale, primarily because of datalimitations. To

1For example in LAC: IICA, Instituto Internacional para la Cooperacion Agropecuaria, and
FONTAGRO, Fondo Regional de Tecnologia Agropecuaria, aswell as three research centers of
the Consultative Group on International Agricultural Research (CGIAR).
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address this analytical gap we use medium-resolution crop production data to
examine patterns of yield variation and variability acrossaregional scale. Weaso
provide some exploratory analysis of why such patternsmight exist. Suchinsights
are useful to regional and sub-regional funding and technical agencies seeking to
design investment strategies that maximize cross-country technology spillovers.
Our study uses asub-national agricultural output data set for LAC for three major
crops (rice, maize, and soybean). The dataset, spanning the period 1975 to 1998,
has been compiled by IFPRI and the International Center for Tropical Agriculture
(CIAT) over several years (Alston et al., 2000; Pardey et al., 2000). To our
knowledge, thisisthemost comprehensiveagricultural production dataset available
for the LAC region.

The first objective of this study is to document the changes in spatial
patterns of crop yield using the new data set. Our results show that yield levels
acrosstheregion do not appear to have converged over the time period examined.
This could be dueto abroad range of information, institutional and geographical
barriersto the flow of technology, but also to agrowing disparity in the ability of
farmersacrosstheregionto utilize any given technological opportunity. Therefore,
our second objective aims to understand why spatial variations persist, using
geographicinformation system (GI S) toolsand aninequality decomposition method.

We propose three hypotheses to explain the observed increasing regional
yield disparities. First, crop and crop management technologies developed over
the past several decades have been heavily biased toward more favored (e.g.,
irrigated) production systems. Most HY Vs are very responsive to modern inputs
such asfertilizer, especially nitrogen, and water. Modern varieties, therefore, have
usually been adopted only in areas having sufficient rainfall or irrigation facilities,
and fewer terrain and soil constraints. If farmers know the optimal irrigation sche-
dule, thevariahility inyields generally decreases with increased irrigation (Hazell,
1989). In rainfed, especially upland, areas lower-input, lower-yielding traditional
varieties still predominate. The expansion of irrigated areas, akey feature of LAC
agriculture over the past forty years, has thus given rise to abroader spectrum of
irrigated and rainfed production domains, often existing in close proximity (Sanint
and Wood, 1998, for the case of rice). At the sametime, thereisabundant evidence
of the expansion of rainfed production into less productive areas, particularly in
thehillsidesof Central Americaand the Andean region, and ageneral declineinthe
fallow periods and consequently in thefertility of soilsassociated with many low-
input rainfed systems (Pender and Scherr, 1999). These factors support the notion
of ayield divergence over time on aregional basis. We usericeyield data at the
district (municipio) level in Brazil to test this hypothesis.

Since yields of rainfed crops are strongly linked to weather conditions
(Walker, 1989), the second hypothesisisthat changesin rainfall patterns during
the period 1975-1998 have exacerbated yield divergence across LAC. Either a
downward trend in annual rainfall totals or an increasein rainfall variability could
plausibly be associated with thetype of cropyield divergence observed. Third, we
hypothesize that technol ogy transfers across borders are often less efficient than
those within a country due to lack of institutional arrangements and domestic
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research capacity to adapt new (“spilling”) technologies. This may create large
between-country variations in yields. To test this hypothesis, we decompose
total variation intobetween-country and within-country variations. If thevariation
is largely due to between-country difference, then regional (multi-country)
technol ogy intervention strategies and mechanisms, such asthose supported by
I1CA and the sub-regional networks (“PROCI’s") they convene, FONTAGRO, and
the CGIAR, are particularly important.

2. ComMpPREHENSIVE LAC Data SeT

In cooperation with various partners, notably CIAT, IFPRI compiled asub-
national data series for Latin America and the Caribbean (Pardey et al., 2000).
These data are taken from various sources such as national agricultural census
and statistical publications. We developed atime series (from 1975-1998) of basic
production statistics for eight crops, namely rice, wheat, maize, edible beans,
sorghum, cassava, potato and soybean at the province or department level, focusing
on obtaining disaggregated spatial information for geographically large countries,
or those having asignificant regional share of the production of those commodities.
For Brazil, we have more detailed data at the district (municipio) level. To facilitate
cross-country comparison of yield dataderived from awide variety of sources, we
recalibrated sub-national areaand production totalsin each year by applying sub-
national shares derived from the disaggregated data to published FAO national
area and production totals.

In the current study, we choose to examine the yields of soybean, maize
and rice because of their relative importance to LAC agriculture. Based on the
value of production in 2000, soybean, maize and rice rank first, second and sixth
respectively (FAOSTAT, 2002 and authors' calculations). Furthermore, the three
cropsarewidely distributed acrossLAC, providing aspatially representative picture
of LAC agriculture.

3. SpaTiAL PaTTERNS OF CROP YIELDS

Maps 1-3 showsthe spatial patternsof yield level sof rice, maize and soybean,
respectively, in 1975 and 1995. Two general trends are apparent from these maps.
First, planted areas for al three crops have expanded and overall theyield levels
haveincreased. In 1975, the highest riceyieldswere being obtained in thewestern
parts of the Colombian savannah, and the Pacific coast areas of Peru and Ecuador.
By 1995, therice yields in those areas still remained high, but new high-yielding
areashad emerged inthe coastal areasof southern Mexico, Atlantic coastal regions
of Guyanaand Surinam, and the region along the joint borders of Brazil, Paraguay,
Argentinaand Uruguay. For example, riceyieldsin Santa Catarina, Brazil reached
very highlevelsfrom aworld perspective, even though the overall yieldsin Brazil
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arelower thantheworld average. Maizeiswidely grownin LAC, and Brazil shows
obvious mai ze production expansion in its mid-west regions. Northern Mexico and
East Argentina bordering Uruguay had the highest regional maize yields in both
1975 and 1995. The area along the south and east boundaries of Goias in Brazil
shows dramatic increase in maize yields between 1975 and 1995. Soybean
production exhibits perhaps the most dramatic change over the 1975-95 period. In
1975, most soybean production occurred to the south of the 30-degree latitude.
Since then soybean production has advanced northward (Pardey et al ., in press).
In 1975, the highest yields of soybean were to be found in Northern Mexico. In
1995, the midwest and southeast regions of Brazil, West Bolivia and North and
West Argentinaall have higher soybean yields.

MAP 1. SPATIAL CHANGE OF RICE YIELDSIN LATIN AMERICAN AND
CARIBBEAN
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(b) 1993-95 Average
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MAP 2. SPATIAL CHANGE OF MAIZE YIELDSIN LATIN AMERICAN AND
CARIBBEAN
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MAP 3. SPATIAL CHANGE OF CROP YIELDSIN LATIN AMERICAN AND
CARIBBEAN - SOYBEAN

(a) 1975-77 Average (b) 1993-95 Average
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The maps provide a useful visualization of the spatial patterns and trends
between the two snapshot years. To obtain amore quantitative sense of the changes
involved, we further present histograms of yield distribution in Brazil and “LAC
except Brazil” in Figures 1 and 2, respectively. The histograms show therangeand
distribution of yields across LAC in terms of area harvested, and represent over
4,500 observations, including 4,276 municipalities in Brazil and 225 departments
for the rest of LAC. For all three crops, the generally increasing yield trend is
illustrated by the rightward shift of the yield distributions between 1975 and 1995.
Onaverage, LACYyieldsincreased from 1.6 to 2.5t /ha-1 (tonnes/hectare) for maize,
1.9to 2.9 t/ha-1 per hectarefor rice, and 1.7 to 2.2 t/ha-1 for soybean.

Thefiguresalso reveal anincreasing spread of yield values. In 1975, most
maizeyieldslay between 0.1 and 3.5t /ha-1, with no yield higher than 4 t/ha-1. In
1995, regional maize yields were amost uniformly distributed between 0.1and 4.5
t/ha-1. Rice showsan apparent structural shiftinto abimaodal distribution between
1975 and 1995, reflecting a growing polarization between irrigated and rainfed
production systems. Brazil dramatically increased its high-yielding irrigated rice
areabetween 1975 and 1995, but over two-thirds of itstotal rice production areais
still rainfed with average yields of no more than 1.5 t/ha-1. For the rest of Latin
America, yield increases are more spatially uniform, and over half of therice area
hasyields of 4 t/ha-1 or more. Changesin thedistribution of soybeanyieldsarethe
inverse of those seen for maize. In 1995, in both Brazil and rest of LAC, large
commercia soybean producers dominated regional production. Soybean yields
areclustered around 2.0t ha-1for most of the harvested area. At the sametime, the
total area planted to soybean has increased dramatically, making soybean the
most extensive cropin LAC.
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FIGURE 1
CROPYIELD DISTRIBUTIONS IN BRAZIL: 1975-77 AND 1993-95
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FIGURE 2
CROP YIELD DISTRIBUTIONSIN LATINAMERICAN AND CARIBBEAN
EXCEPT BRAZIL: 1975-77 AND 1993-95
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Table 1reportsspatia yield variability for three major cropsat the department
level using ageneralized entropy measure (seethe Appendix for technical details).
Figure 3 further plotsthe spatial variationsin yield for the three major crops over
thewholeperiod. Itisapparent that crop yieldshave not become convergent over
the years. The spatial variation in maize yield has even increased. Smallholder
farmersarethemajor producersfor rice and maize. Maize production relies primarily
on rainfall while rice production increasingly depends upon irrigation. Soybean
yields seem less variable because the production scale/systems are more
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homogeneous, e.g. more commercial farmers, and fewer small-scal e and subsistence
producers than for rice and maize. In order to better check the robustness of this
finding, we calculatericeyield variability at municipal level in Brazil for the period
of 1975-1995. The data set includes more than four thousand observations for
each year. As shown in Figure 4, rice yields have become more spatially variable
within Brazil, driven by the large increase in the spatial variability of rainfed rice
systems. Thelarge and persistent spatial yield variability inrainfed rice production
suggeststhere may be still belarge payoffstoimproving theflow of and accessto
new rainfed rice technologies across regionsin Brazil. Uncovering the causes of
this large variation might provide information that is useful in helping the less
productive areasto catch up.

TABLE 1
SPATIAL YIELD VARIABILITY IN LAC: MAIZE, RICEAND SOYBEAN, 1975-95

Total variation Between-country /total variation (%)
(Generalized entropy index) (Polarization index)
Y ear Rice Maize  Soybean Rice Maize Soybean
1975 15.6 10.3 4.0 44.8 29.7 65.7
1976 133 104 35 46.3 25.2 60.0
1977 135 10.6 2.9 45.0 26.8 52.2
1978 15.8 11.3 2.8 49.1 355 53.0
1979 16.7 12.3 33 52.5 43.7 60.3
1980 16.0 112 39 51.0 29.4 66.3
1981 16.9 12.9 3.2 50.1 26.3 59.5
1982 17.7 16.8 2.8 46.9 175 62.1
1983 19.1 131 21 433 21.9 59.1
1984 17.1 13.2 2.3 42.8 21.1 67.5
1985 17.1 12.9 2.2 39.2 26.1 64.7
1986 155 12.2 24 38.6 334 68.4
1987 16.4 12.0 21 37.0 29.1 60.4
1988 15.9 13.8 2.8 36.5 26.6 58.7
1989 16.7 14.3 2.7 33.2 21.4 54.3
1990 16.3 116 23 29.9 24.3 69.0
1991 16.4 12.8 1.9 25.7 20.7 70.2
1992 19.0 14.1 2.0 234 26.8 80.5
1993 185 12.0 2.3 19.7 358 65.4
1994 18.1 16.3 19 23.0 24.1 64.4
1995 15.3 14.9 24 25.8 25.8 57.2
1996 13.8 14.1 2.9 29.4 27.3 53.8
1997 14.3 14.9 3.9 28.2 28.7 55.4
1998 14.2 15.6 4.0 30.3 35.4 55.6

Note: Definitions of theindicesis contained in the appendix. The Generalized Entropy index,
I, is assessed with c=0. The Polarization Index, P, is the ratio of between-country variation
relativeto total variation for the three major crops. The entropy measures for rice and maize
are weighted by planted area. Due to a significant number of missing values for area data, we

assume equal weights in calculating the yield variation in soybean.
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FIGURE 3
SPATIAL VARIABILITY OF RICE, MAIZEAND SOYBEAN YIELDSIN LAC
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FIGURE 4
SPATIAL VARIABILITY OF RICE YIELDSIN BRAZIL
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4, UNDERLYING CAUSES

To explain the observed patterns of yield variability, we propose three
hypotheses. The first hypothesis is that agricultural R&D in the past several
decades has been biased toward generating technologies for use in more favora-
bleproduction environments, e.g., areaswith better accessto reliablewater supplies.
The efficacy of many agricultural technologies is often highly location specific.
For example, alarge part of agricultural R& D isaimed at ameliorating site specific
constraints to crop production — for example, increasing the frost, drought, or
water-logging tolerance of plants, or changing the susceptibility of crops and
animals to different pests and diseases. A salient feature of agricultural R&D is
that it hasfavored irrigated regionswhere scal e effects are more pronounced than
in rainfed areas. The potential for agricultural R&D spillover is greater for the
relatively more homogenous irrigated areas than for the agro-ecologically
heterogeneous rainfed areas. Complex aspects of agroecological specificity may
inhibit technology spillover to less-favored production areas, and therefore redu-
ce the potential payoffs to research investment. For these reasons, agricultural
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R&D systems generally prefer research agendas related to broad homogenous
regions (Alston, 2002). However, technologies devel oped for irrigated regions are
generally not well-suited to rainfed areas having more erratic water inputs.

Taking riceasan example, an estimated 275 new varietieshave been released
in LAC over the past three decades. About 90 percent of those varieties were
targeted to flooded production environments (Sanint and Wood, 1998).2 Asshown
in Table 2, the area of modern varieties planted in irrigated regions has increased
from zero to over three million hectares. In contrast, the area devoted to modern
varietiesinrainfed systemsshowslittleincrease. Averageyieldsinirrigated regions
rosefrom 2.8 tonne per hectareinthe mid 1960sto 4.4t ha-1inthemid 1990s, while
averageyieldsin rainfed regions have changed little over four decades. Modern
rice varieties now account for around 98 percent of all rice productioninirrigated
areaand onethird of rice productionin rainfed areas (Table 3).

TABLE 2
RICE PRODUCTION IN IRRIGATED AND RAINFED AREASIN LAC

1967 1981 1989 1995

Irrigated
Area 15731 24709 3,2483 3,802.8
MSV - 15465 28014 3,340.3
Trad. 1,573.1 924.4 446.8 462.4
Production 4,436.2 9,566.7 14,2185 16,890.7

MSV - 6,281.5 12490.7 15,201.9
Trad. 4436.2 32853 1,727.8 1,693.0
Yied 2.8 39 4.4 4.4
MSV - 4.1 45 4.6
Trad. 2.8 3.6 39 37
Rainfed
Area 4,258.1 5,785.0 44274 3,0485
MSV - 499.0 580.3 675.3
Trad. 42581 52859 38471 23732
Production 59452 6,160.7 5,610.3 4,190.2
MSV - 556.9 1,287.0 1,509.4
Trad. 5945.2 56073 4,3234 2,680.8
Yield 1.4 1.1 13 1.4
MSV - 1.1 2.2 2.2
Trad. 1.4 1.1 1.1 1.1
Total
Area 58312 82559 7,67/57 6,851.2
Production 10,381.7 15,727.4 19,828.8 21,100.9
Yield 1.8 1.9 2.6 31

Note: personal communicationsfrom Luis Roberto Sanint. MSV standsfor modern semidwarf
varieties and is equivalent to high yielding varieties (HY V).

2Flooded areas include irrigated and rainfed wetland aress.



SeatiaL PatTERNS oF CroP Y IELDS 373

TABLE 3
SHARE OF MODERN SEMI-DWARF RICE VARIETIES IN RICE PRODUCTION
AND AREA
Percentage in production Percentage in area
Production system 1965 1981 1989 1995 1965 1981 1989 1995
Irrigated 00 793 881 983 00 764 847 976
Mechanized rainfed 00 69 133 247 00 58 103 180
Traditional rainfed 00 300 300 300 00 260 282 312
Total LAC 00 499 675 803 00 282 436 588

Source: Sanint and Wood (1998, p. 406).

Thedifferencein yield between traditional and modern varietiesaswell as
the more rapid adoption of modern varieties in irrigated areas may thus be
contributing to the observed increaseinyield variation in LAC. We again usethe
Brazil municipio datato empirically test this hypothesis. Table 4 shows the mean
and dispersion of riceyield in Brazil on average and for irrigated and non-irrigated
areas, while Figure 4 plots the spatial variability for total, irrigated, and rainfed
areas, respectively. Riceyieldsin irrigated areas increased from 3.5 to 4.8 t/ha-1
over the period 1975-1995, whilein rainfed areas yields reached only 1.7 t/ha-1 by
1995. The entropy index of yield dispersioninirrigated area has declined from 5.3
to 2.7, whileinrainfed areasit hasincreased from 8.0 to 13.7. Asshown in the last
column of Table4, all thechangesare statistically significant at the 95% confidence
level. Thisisconsistent with the maize dispersion story for LAC asawholeshown
in Table 1. Moreover, the yield spread between irrigated and rainfed areas has
widened. The percentage share of total variation explained by variation between
irrigated and rainfed areayieldsincreased from 46.3 to 53.9. The findings seem to
support our first hypothesis.

Our second hypothesis is related to weather variability. Agricultural
production systems are intrinsically location specific and clearly a contributing
factor to the spatial differences among yieldsis the relative resource endowment
among locations, particularly for low-input production systems. The quality of
theselocal resources can also change over time, and perhaps exacerbate variability
among locations. For example, variability of and change in soil quality are
considered to be key determinants of the productivity of LAC, but reliable regio-
nal dataon the spatial patterns of changein soil quality do not exist. However, we
do have access to long term information on another resource, rainfall. There is
growing evidence from some parts of the world about long-term trends and
increased variability in agricultural production asaconsequence of global warming
and increased El Nino Southern Oscillation (ENSO) activity (see, for example, Dai
et al., 1997 and Adamset al., 1999). Wethereforeexaminewhether these phenomena
are observable over the period of our production data using arainfall time series
dataset covering the LAC region.
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TABLE 4
RICE YIELD AND DISPERSION IN BRAZIL
Y ear Average Irrigated Rainfed  Between variation/
total variation

1975
Mean (tonne/hectare) 15 35 12
Variation 14.3 5.3 8.0 46.3

(11.1, 16.9) (3.6, 7.0 (5.7,9.9 (32.9, 53.3)
1995
Mean (tonne/hectare) 2.6 4.8 17
Variation 22.9 2.7 13.7 53.9

(21.8, 25.7) (1.8,3.4) (9.1, 19.4) (37.7,76.1)
Changesin dispersion 8.6 -2.6 5.7 7.7

(62,11.4) (-41,-02)  (2.6,9.9)

Note: Calculated by authors using the method devel oped by Biewen (2002). Thefiguresin
parentheses are 95% confidence intervals with 100 bootstrap replications.

The Climate Research Unit of University of East Anglia constructed a 0.5
degree |atitude/longitude gridded dataset of monthly rainfall data over the whole
world for the period 1901-1996 (New, et al., 2000). From these gridded data, we
calculatetheannual rainfall for the sub-national geopolitical regions (departments)
in LAC from 1975-95. Figure 5 plots regional variability in annual rainfall and the
yieldsof riceand maizefor thewhole period. Firstly, of note, isthat rainfall ismore
variable than yield, and that aggregate rice yields (including both irrigated and
rainfed production) are more variable than maize yields. Second, there is a small
but statistically significant downward trend in annual rainfall (aslope of -1.40 mm
per year, with at value of -4.47, controlling for fixed effects across departments).
Third, in the case of rice, the association between riceyield and rainfall variability
isvery weak (correlation coefficient —-0.02). Rice and rainfall indices do not show
co-movement for most years, nor doesthere appear to be asystematic divergence
or convergence of the two series. Fourth, in the case of maize, the association of
yield with rainfall variability appears much stronger (correlation coefficient 0.18),
and maizeyield variability appearsto haveincreased over time. Thesefindingsare
congruent with the changesin maize and rice yield distributions between 1975-77
and 1993-95 observed in Figure 1. The higher rice yield variability reflects the
aggregation of both rainfed and irrigated rice systems in our regional database.
Based on our Brazil analysis using data disaggregated by systems, we assume
that most of thericeyield variability is attributable to rainfed rice production. The
apparent growth in maizeyield variability suggeststhat while significant progress
has been madein the devel opment and adoption of higher yielding maize varieties
in many parts of LAC, there are large and pockets of subsistence production that
still rely upon low yielding traditional varieties.
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FIGURE 5
SPATIAL VARIABILITY IN RAINFALL AND THE YIELDS OF RICE
AND MAIZEIN LAC
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The finding of a downward trend in LAC annual rainfall over the 1975-95
period supports the hypothesis that changing weather patterns may have
contributed to increasing yield divergence, since drier conditions are associated
with lower yields in rainfed systems. To corroborate this finding we examined
other literatureon LAC rainfall trends. Dai et al. (1997), intheir study of global land
precipitation variation between 1900 and 1988 also report an observed declinein
land precipitation over the tropics in the 1970s and 1980s using a different data
source. And while the IPCC assessment of regional impacts of climate change
(1998) reported generally increasing rainfall trends in South America, east of the
Andes, over the period 1901-95, annual rainfall timeplotsfor Latin Americaand for
the Caribbean region in the same report do suggest steady or declining average
annual rainfall trends during the 1975-95 period.

For aparticular region, however, there are likely more covariate patterns of
variability of rainfall and yield (Walker, 1989). To check this, we further calculate
temporal variability in rainfal and crop yield for the whole period (1975-1995) in
each region3 Figures6 and 7 show thesetemporal variancesinrainfall andyields
of rice and maize, respectively. Figure 6 does exhibit not any apparent patterns
betweenrainfall variability andyield variability inriceintheregionsconsidered. In
fact, the R value is less than 0.1. However, Figure 7 exhibits some positive
correlation when excluding several outliers, perhapsreflecting thefact that amuch
greater share of maizeis produced under rainfed conditions and in other types of
less-favored environmentsthanisrice.

Finally, agricultural production technol ogiesgenerated in onecountry often
spillover to other countries with similar agroecological conditions if regional or
local capacity to adapt and disseminate the technologies is available. However,
the capacities of national research and extension systems differ widely among
countries. Many countries do not have enough research capacity to adapt the

3Because there is an upward trend in rice yields due to technology progress, we removed the
time trend when calculating rice yield variability. Soybean and maize yields were treated in a
similar way.
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modern varieties to local needs, and many national agricultural research and
development systems are experiencing increasing budget stringency (Alston
et al., 1998; Pardey et al., in process). And in addition to research and extension
capacity, adopting new crop varieties requires awell-functioning sector to produ-
ce and market new technical inputs for the modern varieties and a literate |abor
force to use the new knowledge and technology effectively (Ruttan, 2001).
Therefore, ability to modify and adapt new technologies can differ significantly
among countries. Thedifferencesin research capacity and institutions and human
resource endowment may create barriersto country-to-country spillovers. Thisis
our third hypothesis to test.

FIGURE 6
TEMPORAL VARIABILITY IN RICE YIELD AND RAINFALL
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Note: Rice yield is de-trended to remove the effect of technology change on temporal
variability. Intotal, there are 176 observations at the department level.

FIGURE 7
TEMPORAL VARIABILITY IN MAIZE YIELD AND RAINFALL
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To capture the between-country variance in yield, we apply Shorrock’s
decomposition method to quantify the relative contributions of between-country
and within-countrytooverall spatial inequality. Asshowninthelast threecolumns
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in Table 1, the between-country variationinriceyield accountsfor alarge share of
total variation, but that share has generally declined over the whole period. For
maize, the between-country contribution has been lower but more variable.
Between-country variation in soybean yield has consistently contributed over
half of thetotal variation. Thefinding callsfor abetter understanding of spillovers
among countries. There seemsto remain significant scope for improving the flow
of information about new technologies, as well as flow of the technologies
themselves among LAC countries.

5. CoONCLUSIONS

We have examined the spatial and temporal patterns of variation in the
yield of rice, maize, and soybean in LAC using sub-national data. Our analyses
show that yields of three major cropsin the LAC region have not converged over
time. Theyield dispersion for maize has evenincreased. Thus possibleinfluences
of technology convergence over time, have been counteracted by larger, yield
diverging effects. Wethen explored some possi bl e sources of such divergence: 1)
divergence arising from technology bias to the more-favored production
environments; 2) divergence arising from changing rainfall patterns; and 3)
divergence arising from country-specific factors.

Thelargedifferenceinyield betweenirrigated and rainfed areas does appear
toplay asignificant role, particularly inthe case of rice. Althoughirrigation may be
effectiveinreducing yield variability in those areaswhereirrigation replacesrainfed
production, it has lead to greater variability across locations since a significant
share of LAC production remains in rainfed and mixed rainfed-irrigated farming
systems. It appearsthat in LAC, asin the rest of the world, agricultural research
has been biased against generating technologies applicable to less-favored
production environments. And poorer farmerson poorer land are oftenlesswilling
or able to adopt improved technologiesif they involve larger costs or risks. With
growing evidence on the higher potential payoffstoinvestment in marginal lands,
thereis now much debate about the growth aswell asthe equity consequences of
such historic biases (Fan, et al ., 1999). The spatial variationinyield for soybeanis
much smaller than that for rice and maize, largely because soybean isgrown asan
industrial crop rather than as a food staple in LAC, often in larger-scale farm
enterprises where external inputs such aswater and fertilizer are used much more
intensively to increase and stabilize yields. It seems that technology spillovers
among such commercially-oriented farmers may be more efficient than those among
smallholders. Therefore, in addition to devel oping technol ogiesthat can be adopted
by and are more profitable for farmers in less-favored production environments,
fostering improved diffusion of suitable existing technology among small-scale
farmers a so deserves high attention, and may often be more cost-effective.

Our empirical resultsalso provide some support for the second hypothesis
concerning linkages between observed increasesin yield diversity and changing
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rainfall patterns, as the rainfall data show a small (about 1.4 mm yr-1) downward
trend in annual rainfall. But comparison with longer-term rainfall data suggests
that this may be part of ashort-term cycle. Yield variability in maize, acrop grown
widely under rainfed, subsistence conditionsin LAC, hasincreased over timeand
exhibits a greater correlation with rainfall variability than doesrice, a crop grown
extensively under irrigated (commercially-oriented) conditions. Finally, using an
inequality decomposition method, we estimated the contribution of between-
country variationto overall spatial inequality and found that the between-country
component is rather large —though declining in the case of rice- suggesting the
existence of persistent barriers to country-to-country spillovers of technology.
These results should be of concern to those, often smaller, countrieswhereyield
growth rates appear to be falling behind LAC yield-growth leaders (e.g., many
partsof Argentina, Brazil and Mexico). They also send amessageto theinternational,
regional and sub-regional agricultural technology research and development
community who clearly still face many challenges in achieving their goals of
facilitating and accel erating the flow of improved technologies across the region,
particularly those technol ogies targeted to smallholders.

While LAC asaregion iswell endowed with water, theincreasing trend of
urbanization and industrialization will likely limit the expansion of water use for
irrigationin many areas, and reduce future growth potential of irrigated agriculture
and the stabilization of crop yields. Therefore, improving the water use efficiency
of crops remains an important research objective. But a central challenge to the
research and development community is to make agricultural production more
profitable and competitive by providing technology that can sustainably reduce
unit production costs in less favored (non-irrigated) areas where the majority of
LAC' sfarmers, and a disproportionate share of its rural poor, are to be found. It
appearsthat significant potential may still remainfor large payoffsto the continued
strengthening of regional and national information, institutional, and physical
capacities to promote the spillover of new knowledge and technologies and to
make them more accessible to all farmers throughout the region.
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APPENDIX

The Generalized Entropy (GE) measure (Shorrocks, 1980 and 1984) can be
written as:
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Inthe above equation, y, isyieldintheit" region, misthetotal sample mean,
f(y,) istheareashareof theit" regionin thetotal planting areaandK isthe number
of regions.

For K exogenously given countries indexed by g, the overall GE measure
can be expressed as:

K
2 |(Y):§Wg|g H(mey,..., Mk e )

..C

i
0
gmd o
: m 5
o]
where Wy —: fg g%; c=1
) [}
: fg c=0
1
1

where Ig|s ineguality inthe gth country, my isthemean of theg " country and €y is
avector of 1'sof length Ny Whereng |sthe planting areaof the gt" country. If n is
thetotal planting areaof all countries, then fg =ng / N representsthe share of the
gth country’ sareain thetotal planting area. Thefirst term on theright side of (2)
represents the within-group inequality. Wwgl g/I (y)*100 isthe gh group’s
contribution to total inequality. The second term is the between-group (or inter-
group) component of total inequality.

Following Zhang and Kanbur (2001), we define the polarization index, P, as:

3 P = between-group inequality/total inequality
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