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SUMMARY

This study provides an economic and econometric analysis of agriculture in the
economic cycle, with special reference to the recent experience of Brazil. Part One of the
paper discusses the economic theory and points to the relevance of classical texts for
analysis of agriculture's role in the economic crisis facing developing countries. Part Two
of the paper tests the hypothesis that agriculture exercises a stabilising role in the
economic cycle using statistical and econometric procedures. It offers a novel application
of tests of cointegration and stationarity and concludes on this basis that agriculture does
indeed exercise a stabilising role in the economic cycle.

The study was concluded under the Development Centre's programme "Developing
Country Agriculture and International Economic Trends", directed by Ian Goldin.

RÉSUMÉ

L'analyse économique et économétrique de l'agriculture dans l'ensemble du cycle
économique, objet de cette étude, fait spécialement appel à l'expérience récente du
Brésil. La première partie traite de la théorie économique et signale l'adéquation des
textes classiques pour l'analyse du rôle de l'agriculture dans la crise économique des
pays en développement. La deuxième partie évalue, à l'aide de statistiques et
d'opérations econométriques, l'hypothèse selon laquelle l'agriculture a une fonction
stabilisatrice dans le cycle économique. Il s'agit d'une application originale de tests de
cointégration et de stationnarité qui conclut, sur ces bases, au rôle stabilisateur de
l'agriculture dans le cycle économique.

Cette étude entre dans le cadre du programme du Centre de Développement
"Agriculture des pays en développement et évolution de l'économie internationale", dirigé
par Ian Goldin.
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PREFACE

The decade of the 1980s was characterised by a deep recession in many
developing countries. Nevertheless, the overall stagnation, or, in many cases, decline in
economic activity, concealed a highly significant phenomenon: agriculture appeared
relatively unaffected by the crisis. Its strength exercised a cushioning effect on the
decline in economic activity, moderating declines in incomes and providing a pole for
employment and growth.

This paper provides an economic explanation and undertakes econometric testing
of the role of agriculture in the economic cycle. It breaks new ground in applying the
insights of classical economic texts and of economic theory to the understanding of
agriculture's position in the cycle. Equally innovative is the application of recently
developed econometric tests which offer a powerful new tool for the analysis of dynamic
economic relations, affording an opportunity for examining relationships which hitherto
have remained elusive. 

The analysis provides original insights which will be of interest to both theoretical
and applied economists. Its interest is, however, by no means confined to academics:
the development of an appropriate appreciation of agriculture's contribution to growth is
a prerequsite for policy makers interested in sustainable development.

Louis Emmerij
President, OECD Development Centre

June 1990
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AGRICULTURE AND THE ECONOMIC CYCLE:

AN ECONOMIC AND ECONOMETRIC ANALYSIS
 WITH SPECIAL REFERENCE TO BRAZIL*

INTRODUCTION

Agriculture's resilience

In Brazil, record harvests in 1987, 1988 and 1989 have popularised the notion that
agriculture has become immune to the worsening of the economic situation, and that it
is capable of cushioning the fall in the level of economic activity. In fact, agricultural
production since the beginning of the 1980s appears to have performed a stabilising
function, limiting the collapse of the Brazilian economy.

The relative strength of agricultural performance in this period bears repeating. For
example, in the period 1981-83, when industrial output contracted by 15 per cent,
agricultural output rose seven per cent. Figure 1 shows, furthermore, that successively
better harvests in the period 1987-89 reflected the continuation of the growth trend
interrupted in 1986. Normalising for the impact of the 1985 climatic disaster, we observe
an annual geometric average growth rate of agriculture of 3.1 per cent between 1980 and
1988, which compares to 1.2 per cent for industry; in the period 1970-80, these growth
rates were 4.7 per cent and 9.3 per cent respectively. 

Comparative perspectives

The apparent immunity of agricultural production to the economic crisis of the
1980s appears to be a phenomenon which extends beyond the borders of Brazil. While
the dearth of comparative studies of inter-sectoral growth trends makes generalisation
hazardous, our preliminary comparison of agricultural and industrial growth trends
indicates that Brazil's experience may well be typical. 

Comparative analysis of the inter-sectoral growth rates in Latin America (de Janvry,
1988) provide preliminary support for the findings of our Brazilian case study. Support
for the hypothesis that agriculture has provided a cushion for the fall in GDP also is
provided by the data assembled by the World Bank (World Development Report, 1989).
It shows that in both developing and OECD countries, agricultural growth tended to fall
less rapidly than industry and GDP in the period 1980-86. In the period 1965-80 the
corollary was also true; agriculture grew less rapidly than industry and GDP. 

Exceptions to this apparent trend in inter-sectoral relations are evident. Further
research will reveal whether these exceptions may be explained with reference to
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distortionary phenomena, such as oil finds, (for example, "Dutch Disease" in Cameroon),
civil war (for example, in Ethiopia, Mozambique or El Salvador), or climatic disaster (as
in Sudan) or whether they invalidate the hypothesis that agriculture acts as a stabilising
force in the economic cycle. 

Here, we present our initial results, offering original insights both with respect to
the economic explanation and the quantitative analysis. In Part One, the apparent stability
of agriculture is explored with reference to economic analysis of the business cycle and
the classical agricultural texts. In Part Two, the Brazilian evidence is subjected to
econometric tests. The confirmation of the hypothesis is then extended to other Latin
American countries. Finally, in Part Three, we consider the Brazilian experience in the
light of the econometric results and offer conclusions as to the wider applicability of the
research findings.
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PART ONEPART ONE

ECONOMIC THEORY

A reading of the economic literature on business and trade cycles reveals the
dearth of substantive analysis of agriculture and the cycle. The classic texts of
Hayek (1931), Kalecki (1935), Keynes (1936), Haberler (1937), Schumpeter (1939) and
Kaldor (1940) illustrate the extent to which concerns about agriculture or inter-sectoral
relationships even during the 1930s remained outside the main-stream of economic
analysis of business cycles. Following the further development of mutliplier-accelerator
theories in the 1950s, the cyclical focus, and its distinctly Keynesian flavour, in the 1960s
gave way to monetarist concerns and the static prejudice of equilibrium analysis. While
the development of rational expectations models of the business cycle has been a central
issue on the macroeconomic research agenda since the influential work of Lucas (1972),
neither the monetarist business cycle models, such as those of Lucas and Barro (1976),
nor the real business cycle models, such as those of Kydland and Prescott (1982) and
Long and Plosser (1983), attach analytical significance to inter-sectoral relationships or
to agriculture. 

The role of agriculture in the cycle is not examined in much of the growth cycle
literature. However, a wider review of the classical literature has provided important
comparative insights. In particular, work by Kirk (1933), Galbraith and Black (1938) and
Schultz (1945) which considers agricultural performance during the Great Depression has
proved relevant. These authors highlight the relatively robust performance of agriculture
during the Great Depression, explaining this in terms of the peculiarities of agriculture vis-
à-vis industry. 

Among the key explanatory variables for the varying performance of agriculture and
industry in the business cycle is the view that the price-elasticity of agricultural supply is
close to zero in the short run, and that this leads, in a recession, to a fall in the relative
prices of agricultural goods, even though the decline in demand for industrial goods is
greater. This is based on the observation that agricultural production is less easily
adjustable than industrial processes. Once agricultural production cycles have been
initiated, the reversion of the production process and their adjustment to changes in
demand incurs higher costs than changes to the industrial production process, which in
the Great Depression was observed to be more easily adjusted. In addition, whereas
industrial products are in general storable, the perishability of agricultural products makes
storage relatively expensive, and, due to the instability of the agricultural markets, is
highly risky for private investors.
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Differences in the market structure of agricultural and industrial products also
contributes to changes in the agricultural-industrial sectors' relative growth rates over the
trade cycle. The differing market structure apparently explains the phenomenon that
industrial prices are generally determined on a "cost-plus" basis, whereas in the case of
agriculture, individual producers are less able to prevent prices declining when supply
outpaces demand, irrespective of whether this in the short-run covers the production
costs. Agricultural prices thus suffer a relatively greater decline in prices when demand
contracts than that experienced by industrial goods. The ironic implication is, in the face
of inelastic demand for food, that a generalised reduction of supply -- even if this implies
the destruction of stocks and crops -- can raise the total revenue accruing to producers
(as evident in the 1930s burning by Brazil of its coffee stocks). 

Although not examined in the context of longer term relations, the differentiation
between the short term behaviour of agricultural and industrial prices has been studied
by Kalecki (1971), Hicks (1974), Kaldor (1976) and others and has also attracted attention
in Brazil, most notably, from Sayad (1984). This post-War literature does not however
appear to consider the question of medium term responses; unlike the pre-War analysis
of Kirk, Galbraith and Schultz, the recent literature does not examine the production
response of agriculture to changing prices, and how this changes over the cycle. The
recent literature thus is virtually silent on the important question of how agricultural terms
of trade change through the course of a business cycle and how one can expect
agriculture's relative performance to behave during a recession. 

The analysis of agricultural terms of trade depends, of course, on the aggregate
price elasticity of agricultural supply in the medium term. If agricultural supply in the
medium run (after responding to the initial price changes) is relatively insensitive to the
initial fall in prices, it may be concluded that terms of trade will throughout the recessive
period remain inferior to those prevailing before the recession started. 

Hansen (1932), Harrod (1936), Galbraith and Black (1938), Schultz (1945) and
Johnson (1950) have suggested that the medium term price elasticity of agricultural
supply is indeed very low. Among the most important of the explanatory factors are the
flexibility of the prices of the primary factors of production (land and labour) and the
maximising behaviour at the farm level, which in the context of the competitive structure
of agriculture, leads to full utilisation of capital stock.

In the case of a recession, Goldin and Rezende (1990) confirmed, factor price
flexibility meant that wages and rents declined faster in the agricultural sector than the
industrial sector [1]. In Brazil, as elsewhere, the explanation for this is to be found in the
analysis of the supply price (cost) of labour. This price is closely determined by the
alternative income that the rural labour force can earn outside agriculture. Analysis of
rural labour markets in the United States during the Great Depression suggests that the
opportunity cost (alternative income) falls drastically during a recession, especially if the
higher search costs, resulting from the fact that increased unemployment reduces the
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probability of finding an urban job, are taken into account. In the Great Depression, this
process apparently went so far as to lead to a decline in net migration to the cities and
an increase in employment in agriculture. 

The recent evidence from Brazil suggests a similar rural labour response to
recession. In developing countries, such as Brazil, in which agricultural sector production
is based on the co-existence of wage labour systems and family labour systems Goldin
and Rezende (1990) suggest a further dimension to the response of agricultural factors
of production to recession. In particular, family farming units appear on the basis of
labour costs to be relatively more competitive during a recession; firstly, because the
(imputed) wage for family labour may be expected to fall more sharply than for hired
labour, whose wages -- at least for some categories of workers -- are related to those in
the urban sector, and secondly, because whereas the cost of hired labour has to be fully
covered, this variable cost does not constitute the same type of risk in family production,
as it is the residual income.

The rental value of land, when considering agriculture as a whole, may also be
considered as a residue. This means that during an agricultural recession it will generally
accompany agricultural prices in their fall. To the extent that agricultural land has no
alternative use outside agriculture, its price elasticity of supply is zero (the supply curve
is vertical), implying that as long as the rent is positive, all available land will be supplied
and utilised. Of course, the selling price of land, being the capitalised rent accruing today
and in the future, may not fall, if the decreased rents are perceived by land investors as
a temporary phenomenon and, therefore, are not projected into the future.

The same argument that may be used to explain continued land use during a
recession may be applied to previously accumulated capital goods, such as tractors,
irrigation channels, buildings and working animals, developed pastures, established
forests and other capital assets. As is the case with land, the competitive structure of
agriculture suggests that as long as the additional income obtained from their utilisation
covers at least part of the fixed cost (maintenance expenses, interest on capital invested
etc.), thereby minimising losses, the assets will continue to be fully utilised during a
recession. In industry, by contrast, oligopolistic prices which are designed to recover full
costs in the face of reduced demand lead to lower capacity utilisation.

Whereas the agricultural sector utilisation of accumulated capital goods need not
fall during a recession, the demand for new capital goods -- investment -- will fall. This
is the case with respect to investment in new land frontiers and private investment in
agricultural infrastructure as well as to investment in current inputs. Investments in
industrial outputs, such as chemical fertilisers, are particularly vulnerable during a
recession because they become more expensive both in terms of the agricultural output
and in terms of the primary factors, land and labour. 
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The extent to which the rate of new investment will fall during a recession depends
on the cost and availability of new capital, that is, on the levels of interest rates and
liquidity within the agricultural sector. Lower farm incomes reduce farmers' own savings
and potential for new investment, so that the need for external finance for new
investments and the financing of current inputs may be expected to increase during a
recession. These credit considerations also affect the level of utilisation of previously
accumulated capital, because their fixed costs include the interest on previous debt and
influence calculations regarding the amortisation of this debt. Tight monetary and credit
policies in many countries, including Brazil, have been closely associated with, if not
blamed for, recession. In recessionary times, farmers may therefore be expected to be
faced by tighter credit conditions, which reinforce the decline in new investment in
agriculture. 

Declines in agricultural income, brought about by lower agricultural prices, the
Brazilian evidence suggests, did not lead to a lower utilisation of the two main factors of
production, land and labour, or of the capital stock. Lower levels of farm income may be
expected to lead to sharp reductions in agricultural investment. To the extent that this is
associated with reductions in the use of current inputs -- such as fertilisers -- it may be
associated with a decline in yields and fall in output. However, factor substitutability in
agriculture means that output need not fall; for example, it is possible that increases in
labour use more than compensate for declines in chemical application, and that even if
declines in yields are recorded, output is maintained through increased land use.

The empirical evidence regarding the behaviour of factor prices and factor use
during the recent economic cycle in Brazil in general accords with the economic
perspectives presented above. While producer prices declined markedly during the
recession of the 1980s, the flexibility of land and labour costs together with continued
utilisation of capital stock meant that output growth remained strong, and, despite the
deterioration of the economy, in recent years has reached record levels. In one respect,
however, the Brazilian experience did not accord with the theory; the severe rationing
of credit (especially after 1984, when real interest rates became positive and credit fell
to half of its 1982 level) resulted in no obvious liquidity crisis in the agricultural sector and
on the basis of input indicators was associated with increased, rather than lower levels
of short-term investment. The most likely explanation for this unanticipated result is that
the relative profitability of the agricultural sector convinced farmers as well as some
individuals and institutions in other sectors to finance agricultural investment, and
especially investment yielding short-term (less than a year) returns.
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PART TWOPART TWO

QUANTITATIVE ANALYSIS

Statistical approach

Having in Part One provided a number of economic explanations for the apparent
stability of Brazilian agriculture in the period of crisis, we in Part Two of the paper subject
the hypothesis to statistical and econometric analysis, in order to explore more fully the
relationship between agriculture and economic crisis in Brazil. The aim is to prove two
hypotheses : the relatively constant behaviour of the agricultural sector in the long run,
and its stabilising role in economic activity as a whole.

This analysis is voluntarily restricted to the study of agriculture and industry. We
have chosen their respective output at constant market prices of 1980 for calculations and
assume their sum to be the total output that is, GDP1.

A. Proportions and growth rates

Consistent time series data is available for the period 1965 to 1987. During this
period, the sharp decrease of the agricultural share in GDP was observed mainly between
1965 and 1973, falling from 20% to 11%, but after this date its proportion stayed constant
around 10 and 11% of GDP, even during the crisis (1980-1987) (see Table 1a). Thus, the
explanation for changes in agricultural output should not be sought in the fluctuations of
its proportion to GDP.

By contrast, the share of industrial production in GDP fluctuated widely. Its
contribution to total output rose constantly from 1965 to 1980, going from 32 to 37% of
GDP, with eight years of a stagnant share at 37%. Since 1980, and the onset of the
economic crisis, this proportion has been eroded, fluctuating between 33 and 35%.
Industrial production appears, therefore, to be more sensitive to the economic health of
the country, with this sensitivity accounting for much of the changes in GDP.

A simple analysis of growth rates provides interesting results. Figure 3 illustrates
the relation between agricultural, industrial and GDP growth rates. Although industry
accounts for much of the fluctuation in GDP, increases or decreases in industrial output
are not the sole factors affecting the variation of GDP. The agricultural sector reduces
GDP fluctuations due to the absence of complementarity between the growth rate of the
two sectors (agriculture & industry), and to their respective independence despite their
close correlation. For example, in 1977 agricultural production recorded a very positive
growth (12%) while industrial output had a sharp decrease of its growth rate (1976=12%
and 1977=3%), which led to a lower decline in GDP growth.
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During the period of growth (1965-73), GDP increases typically were greater than
agricultural ones, but as far back as 1973-75 - the beginning of the economic recession -
 the trends in industry and agriculture diverged, sometimes leaving industry with negative
growth rates while agriculture kept its positive tendency. 1986 was not a typical year, as
it followed the severe drought; in that year industrial growth rose 12% and agricultural
change declined by 8%. The two years when agriculture evolved counter-cyclically were
1986 and 1987. In those years, as appears to be the case for 1988 and 1989, the
economic crisis did not affect agriculture as much as industry, so that fluctuations in GDP
were mainly accounted for by industry and the economic cycle was stabilised by
agriculture. 

The changing share of the different sectors in GDP has been isolated from the
annual variation in the levels of total output. Although the global tendency is for
agriculture to decrease, because its share in GDP is falling, the variation in industry's
share is much greater. Keeping a constant share to GDP, agriculture is able to grow while
industry is affected because of its dependancy on conjunctural trends (see Table 1a).
Agriculture is a more stable sector compared with industry, both in terms of the changes
in its annual growth rates and in terms of the changes in its share of GDP.

Comparative growth rate ratios

Growth rate ratios calculated in Table 2 illustrate the dynamism of agriculture and
industry with regard to GDP. 

Two ratios are calculated: agricultural growth over GDP growth and industrial
growth over GDP growth. Their signs reveal whether either sector is more dynamic than
GDP as a whole2 . Except for a few years, when a third sector rose to prominence, this
"superiority" seems not to be exclusively attributed to industry but to both sectors
alternately. During the periods of economic growth, industry led activity, but after 1974,
leadership was sometime taken by agriculture, allowing for continued GDP growth. The
stabilising role of agriculture is evident in the crisis period.

Conclusion

This first step of the statistical examination leads to three conclusions : the first is
that agriculture maintains its position, principally during the crisis period. Secondly, that
industrial output is continuously subjected to fluctuations despite its dominance with
regard to agriculture. Finally, the resilience of agricultural growth with regard to GDP
growth indicates that it performs a stabilising role.
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The same calculations have been made for all Latin America and have provided
similar conclusions (See Table 1b). Agricultural structures differ from one country to
another and their contribution to GDP is sometimes higher than for Brazil. Moreover, the
agricultural sector is subjected to greater fluctuations in some countries than is the case
for Brazil, where it is relatively stable.

On average, in Latin America, agriculture's share of GDP is 12-13%, and the share
of industry is about 31-32%. These proportions have been relatively stable since the mid
1970's which imply that the movement of both sectors is not the result of the variations
of their weights, as was the case in Brazil. It is noteworthy that during the crisis period,
agricultural performance was higher elsewhere in Latin America than in Brazil (growth
rate ratios are all superior to 1 for agriculture) (see Table 2 and Figure 4), but the
alternation of signs is much less frequent than that observed for Brazil, implying that in
other countries, foreign balances or services have a bigger influence in the economic
activity. 

B. Econometric evidence: Standard Deviations and Elasticities,
Stationarity and Cointegration

This section uses more advanced techniques to improve the relationships found
statistically that is, (i) the real domination of the industrial sector in the determination of
the GDP growth rate (with a strong correlation between the two growth rates of these
aggregates); (ii) the non-negligible influence of agriculture (despite its low share in GDP),
ensuing from the great independence of this sector with regard to the level of general
economic activity. This independence is exacerbated in crisis periods because of the
limited reaction of agriculture when global economic activity is fluctuating or is subjected
to shocks, whereas industry is really dependent on conjuncture.

Within the cycles existing for each variable used, if the decrease of industry brings
on a decrease in GDP, the upholding of agricultural growth prevents GDP from falling
below a certain level of activity corresponding to the dynamism of the sector.

These observations can be explained by an econometrical estimate.

(i) Standard deviations3

Standard deviations and elasticities have been calculated for Brazil and a large
panel of Latin American countries (see Table 3).

Standard deviations imply that agriculture is a stable and moderating sector if two
conditions are met. First, whatever period is considered, the standard deviation of
agriculture must always be lower than that of GDP or industry. Second, the sector
assumed to be stable must record nearly the same standard deviation in growth (1965-
76) as well as in recession (1976-87) periods. These two conditions are verified for Brazil
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and all Latin America, showing that whatever the economic situation, the agricultural
sector does not diverge from its trend. By contrast, variances observed for industry are
very different according to the period. Between 1965 and 1975, the standard deviation for
Brazilian agriculture was 0.12 and for industry 0.35, and between 1975 and 1987 was
0.14 for agriculture and 0.11 for industry. It can be observed that the range of the
fluctuations is greater during a growth period for industry and that the slowdown of
economic activity narrows the range. Once again, this points to the dominance of industry
over agriculture in economic growth and the more dynamic evolution of agriculture in
times of recession. For all other countries, agriculture seems more volatile than for Brazil
but remains less volatile than industry. The standard deviation in all countries is less for
agriculture than for industry. 

The fact that the standard deviation for agriculture is small and always less than
for industry, proves the stability of the agricultural sector and, for many countries,
including Brazil, its regulating role can be shown to be independent of the general well-
being of economic activity.

(ii) Elasticities

The calculation of elasticities indicates the near-perfect inelasticity of agriculture
with regard to GDP when industry is following GDP; this holds for all the countries
registered (see Table 3). In the Brazilian case, the elasticity of agriculture compared that
of industry is 0.05 and industry over GDP is 1.37, indicating that agriculture follows a
constant evolution in the long run4.

(iii) Econometric Tests: Stationarity and Cointegration

Method

More advanced techniques which use econometric estimates of cycles and
tendencies, by the examination of stationarity and cointegration tests, offer a means for
further verification of the hypotheses.

In contemporary econometrics, the determination of cycles and tendencies is a
preliminary condition of modeling. Our concern is with accounting variables and not
behaviour variables, and here we do not build a model. 

Economic theory informs us that certain pairs of economic variables should not
diverge from each other to a great extent, at least in the long run. Such variables may
drift apart in the short run or according to seasonal factors, but, if they continue to be too
far apart in the long run, then economic forces, such as market mechanisms or
goverment intervention, will begin to bring them together again. Economic theory involving
equilibrium concepts suggests close relationships in the long run, possibly with the
addition of yet further variables. These beliefs regarding long term relationships may be
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empirically validated. The idea underlying cointegration applied to a pair of variables is
to capture part of the phenomena of relative stability. It is thus aposite to an investigation
of the hypothesis of agriculture's stability, as noted above.

Cointegration lends itself to the examination of dynamic systems. Time series do
not tend to show stationarity but are more specifically integrated series. The existence of
stationarity has strong effects on statistical inference. If a time series is stationary5. (See
Appendix 1) that is, if it verifies all properties of stationarity, then there is a long run
equilibrium relation which does not vary with time. This series has a mean and has a
tendency to return to this mean, fluctuating around the mean, crossing that value
frequently with rare extensive excursions. Its memory is finite, that is to say that an
innovation to the process (or a shock) does not occur. By contrast, a non-stationary series
has a tendency which has an indefinitely long memory, and its fluctuations rarely return
to the mean.

If two series are cointegrated6 (See Appendix 2), there is a special long run
relationship between the two variables; they grow in the same direction and a causality
exists between them. The absence of cointegration does not mean that the independent
variable has no deterministic economic role, but it means that their evolution does not
have the same spectrum.

Estimations and their interpretation

Consider the three economic aggregates: GDP, Agriculture and Industry. They are
denoted as following: GDP is Y, Agriculture is Ya and Industry is Yi. They are first
submitted to the stationarity test (considering two alternative hypotheses)7:

a) GDP or Y for the period 1966-1987:

∆lnYt = α.lnY(t-1) + ßt + c + et (1)

After regressing :

∆lnYt = - 0.046lnY(t-1) + 0.0002.t + 1.078

The Student Statistic T is 0.53 and the Dickey Fuller critical value at 5% of
confidence is 4.11 T<4.11, Ho is decided, thus non-stationarity, implying that GDP has 
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a tendency and an infinite variance. The same result is found using the more rigorous test
of ADF (Augmented Dickey Fuller Regression), which calculates the following equation :

∆lnYt = Σαi.lnYt-i + ßt + c + et (2)

The second step is to test the integration of first order, d=1 :

∆²lnYt = α.∆lnYt-1 + ßt + c + et (3)

In absolute value, T= |-3.56| < 4.11 (Dickey Fuller tabulation), then the series is not
integrated of order one implying another differenciation of GDP as following:

∆3lnYt = α.∆²lnY(t-1) + ßt + c + et (4)

GDP follows an I(2) and has a long memory process e.g. with tendency. All shocks
imposed to this variable have a permanent effect with time.

b) Industry, Yi, for the period 1966-1987:

The same tests have been made for Industry with an identical mathematical
construction; the first conclusion is supported, the series is non-stationary. It is also
integrated of second order, deviations depending from shocks and changes of economic
activity.

c) Agriculture, Ya for the period 1966-1987:

Results for this sector are completly different and allow the economic interpretation.
Tests prove that in the long run, agriculture shows all caracteristics of stationnarity :

∆lnYat = α.lnYat-1 + ßt + c + et (5)

T = -6.45 > 4.11 in absolute value (DF), so the agricultural series is stationary or
I(0).

The Brazilian agricultural sector does not move in the long run and has no
tendency. All fluctuations are restrained around an equal mean. The series looks like a
constant, insensitive to exogenous shocks. Agriculture does not have an autoregressive
process and is a stable sector of the economy.

The tests on stationarity have shown that agriculture is a sector which has all the
characteristics of stability. When subjected to exogenous shock, or macroeconomic
fluctuations, it rapidly returns back to its initial rhythm. This phenomenon is stronger 
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during the crisis period when industrial activity is seriously affected and agricultural
activity is not. (It would be interesting to seek the causes of this phenomenon by
introducing prices or exchange rates to see their effect on agriculture and industry.)

Cointegration tests are close to stationarity ones but the demonstration is based
on errors (et). Two by two, variables with the same order of integration are tested. If the
order is not respected, first difference of an I(1) or second difference of an I(2) becomes
an I(0). As GDP and Industry are I(2), we can use the simple OLS estimation as:

lnYt = 0.718.lnYit + 0.018.t + 6.97

Respective T are 39.43, 14.8, 18.2, and R2 = 0.99 and DW = 1.31

CRDW test is made on two alternative hypotheses of cointegration and non-
cointegration construction8.

GDP and Industry appear to be cointegrated, but this test is not sufficient; the
complete estimation needs the examination of errors by extracting them from the previous
equation and by submitting them to the test: 

Ut = lnYt - α.lnYit - ßt - c (6)

∆Ut = α.Ut-1 + ßt + c + et (7)

T = |-4.98| > 4.11 critical value DF.

GDP and Industry are cointegrated. There is a special long term relationship
between them and their respective growth have the same direction. Identical conclusions
are reached between GDP and agriculture after the differenciation of the former.

Result

Given the stationarity process followed by the agricultural sector in the long run
and the order two of integration of the other two variables, a logical conclusion, which is
contrary to the mathematical definition of GDP however, would confirm that agriculture
is not a determining factor in the evolution of economic activity and would not go inside
the long run relation defined above. However, despite the low and constant weight of
agriculture in total production, it should not be excluded, as it performs a central role in
the economic cycle. In the analysis, agriculture's role is evident through the differentiation
of the other variable.

Industry and GDP follow the same tendency; this phenomenon is exacerbated by
the simple fact that the industrial sector represents around 35% of GDP. The stabilising
force of agriculture lies in the absence of tendency of its growth and its stable contribution
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to GDP. In crisis periods, constraints tending to restrain economic activity do not affect
the agricultural sector, which tends to attract the positive forces that help to maintain it
at a high level. It is the transfer of these forces which limits the decline in GDP; thus, the
adjusment can be lightened in the face of cyclical variations (sometimes important) of
industry thanks to the strong correlation existing between agriculture and GDP.
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PART THREEPART THREE

REFLECTIONS

Stability and Growth

The evidence supports the view that it is necessary to distinguish between forces
which led to stability of output (as noted by Schultz or Galbraith) and forces that led to
output growth. Flexibility of land and labour costs, as well as continued utilisation of
capital stock, provided the basis for stability of output, but not necessarily output growth;
the latter implies capital accumulation. That is, that the rate of return on agricultural
investment was attractive vis-à-vis other alternatives (real as well as financial). Economic
policy played important roles in providing incentives to this capital accumulation in
agriculture both intentionally (for example, minimum price policy; credit policy in the
period 1979-82; and exchange rate devaluations) and unintentionally (for example, as
evident in 1986 when the deindexation of financial assets led land prices to soar
prompting a sharp improvement in agricultural sentiment; or as evident in lower input and
freight costs associated with the fall in petroleum prices since 1985).

Growth and Adjustment

The deepening of the Brazilian economic crisis from 1979 was associated with the
official "prioritisation" of the agricultural sector. The public objective of regularising
domestic food supplies through increased output reflected the determination of the
government to ensure that food demand was not satisfied either by increased imports or
a restriction of exports. With the "prioritisation" of agriculture, the intent was to reduce
imports and increase exports; the underlying target of the prioritisation was the
improvement in the balance of payments. 

It is difficult to assess the extent to which the official prioritisation of agriculture can
be responsible for the improvement in the relative performance of the agricultural sector
in the 1980s. Total government spending on agriculture declined from an estimated
$3.8 billion in 1980 to $1.1 billion in 1983, but then recovered to late 1970s levels. Within
the agricultural budget, resources were reallocated away from rural credit and research
and extension to the minimum price, proalcool and wheat programmes. It would appear
that the "prioritisation" therefore reallocated resources within the agricultural sector, rather
than signifying a greater direct commitment from the government to the agricultural sector.

Changes in macroeconomic policies which affected the agricultural sector indirectly
also led to changes in intra-agricultural allocation of resources, but did not reflect a
deepening of the overall commitment of government to agriculture. Trade policies which
increased the incentives for processed agricultural exports simultaneously discriminated
against unprocessed agricultural exports. Similarly, while the depreciation of the
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exchange rate in the 1980s benefited agricultural exports, it also benefited manufactured
exports. 

The analysis of direct and indirect policies affecting agriculture showed that the
"prioritisation" of agriculture in practice translated into an overwhelming concern with
balance of trade issues. The prioritisation failed to increase the transfer to the agriculture
sector, or, more accurately, to reduce the net transfer from the agricultural sector. The
negative protection rates for the 1980s reveal no significant overall decline in the drain
of resources from the agricultural sector. However, important intra-agricultural changes
are evident. In particular, the minimum price policy appears to have led to reductions in
negative protection for a number of the crops covered, while the wheat policy has led to
substantial positive protection for that crop.

Food versus Export Crops

A comparison of the (negative) protection rates for food and export crops reveals
that discrimination against food crops was gradually reduced during the 1970s. Brazilian
commentators in the early 1980s expected this trend to be reversed by the balance of
payments crisis, and what was widely viewed as the prioritisation of exports. The
evidence suggests however that the crop production destined for domestic consumption
grew faster in the period 1979-88 than in the 1973-79 period. Between 1979 and 1988,
increases in the rates of growth of rice, corn and wheat were recorded, while beans and
manioc production held stable. Of the non-food crops, only cotton recorded a sharp
output growth. Sugar-cane, supported by the Proalcool programme, maintained its earlier
growth levels, while soybean, citrus, cocoa and coffee growth decelerated sharply.

These empirical findings cast doubt on assumptions regarding the negative impact
of macroeconomic adjustments on domestic market agriculture. Recession, together with
exchange rate devaluation, did, as expected, lead to a fall in the relative prices (in terms
of export products) of agricultural goods produced for the domestic market. In order to
assess its impact on performance, the change in relative product prices needs, however,
to be analysed in association with factor prices or costs. In the case of Brazil, the
response of changes in factor prices was differentiated according to type of production
process and agricultural activity.

In the absence of detailed evidence regarding the production process, it cannot be
predicted in advance what the final effect of the recession will be on the relative
profitabilities of domestic market and export crops. Equally, further research may show
that, contrary to the received wisdom, exchange rate devaluation has been relatively
beneficial to domestic crops; due to the substitution effect, exchange rate devaluation
raises the real price of non-traded agricultural goods (through, for example, a substitution
of corn for soymeal) and in developing countries such as Brazil may also be expected to
raise their relative price in terms of non-traded goods in the rest of the economy.
Furthermore, exchange rate devaluation by increasing the price of imported agricultural
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products, stimulates the production of import-substituting production. Where imports are
a significant part of domestic food consumption, devaluation may be expected to benefit
the whole agricultural sector, and not just export agriculture. Thus in major food
importers, such as Mexico, Venezuela, Brazil or Peru, the whole agricultural sector may
be expected to benefit from devaluation, whereas this import-substituting explanation for
agricultural improvement would be less relevant in self-sufficient countries, such as
Argentina. In Brazil it was estimated that in late 1970s wheat accounted for around a
quarter of total protein intake. Over 70 per cent of total consumption was imported, so
that exchange rate devaluation benefited not only domestic wheat production, but also,
by forcing up the domestic price of wheat, stimulated production of protein substitutes
such as rice, edible beans, manioc, corn and animal products.

Conclusion: Agriculture, Adjustment and Stability

We have shown that the resilience of agriculture to the economic crisis and its
strong growth in the 1980s is partly attributable to the reduced penalties imposed upon
this sector. Under the weight of debt and pressures for adjustment, policies of import
substitution industrialisation gave way to the promotion of agricultural export promotion.
Domestic crop production remained remarkably robust, however, for reasons which are
attributable both to the linkages between import and export crops and to the fundamental
economic factors underlying agriculture's strength and stability.

This stability, which in times of economic crisis is revealed as a strength, in Part
Two was confirmed by means of statistical and econometric tests. The constant trend of
Brazilian agriculture whatever the economic situation, shown by its lower elasticity and
variance is confirmed by the test of stationnarity. The fact that this sector is cointegrated
with GDP confirms its stabilising role, while the industrial sector follows an erratic
movement. Simple statistical tests suggest similar inter-sectoral relationships elsewhere
in Latin America. Our examination has provided an initial, and we believe original,
examination of agriculture's role, and offers a novel application of cointegration. We trust
that this will be of interest to economists and econometricians and stimulate comment and
further analysis.
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NOTES

1. Services are voluntarily omitted even though they are becoming more and more
important in the determination of GDP.

2. Consider Y being GDP, Ya agriculture output and, Yi industry output. The ratios
are: ∆Ya/∆Y and ∆Yi/∆Y.
If ∆Ya>∆Y and ∆Yi>∆Y the sign stay positive or >1
If ∆Ya<∆Y and ∆Yi<∆Y the sign is negative or <1
The following cases are observed:
1) ∆Ya>∆Y and ∆Yi>∆Y is the case where agriculture growth and industry

growth overtake GDP growth. This case is very rare as Table 2 shows.
1980 and 1985 are two years where the dynamism of industry and
agriculture is greater than GDP (which is reduced by services).

2) ∆Ya<∆Y and ∆Yi<∆Y is symetric to the previous case and leads to similar
conclusions. Three years where industry and agriculture have a velocity
growth lower than GDP, are registered: 1974 (first oil shock), 1979 (second
oil shock) and 1982 (devaluation).

3) This third case is the most interesting for interpretation because it tells
which of the two sectors is more dynamic with regard to GDP. Two results
are observed: ∆Ya<∆Y and ∆Yi>∆Y or ∆Ya>∆Y. 
From 1967 to 1973 the dynamism of industry is evident (ratio>1 for
industry), but after 1973 we note an alternance of signs, showing the
stronger performance of the agricultural sector (ratio>1 for agriculture).

3. Standard deviations are calculated as following:

4. We have estimated elasticities on the basis of a regression of log agriculture over
log GDP and log industry over log GDP, over the whole time period. The
coefficient provides an elasticity indicator. 

5. Definitions and properties of stationarity: See Appendix 1

6. Definition and properties of cointegration: see Appendix 2.

7. For the tabulated values refer to Table 4.

8. CRDW : Cointegrating Durbin Watson. See Table 4.
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APPENDIX ONE

Consider a simple time series Xt at equal intervals of time, mechanisms generated
must verify all the usual statistical properties of linearity or at very least the conditional
mean, variance and temporal autocorrelation.

The equilibrium relation which could exist in the series is defined by a stationnary
point, from which all forces tend to push the economy under this equilibrium whatever the
moment.

If Xt is the vector, equilibrium is achieved when the specifical linear constraint is
α'.Xt = 0.

Throughout the period, Xt will not be at the equilibrium and the unvariante quantity
Zt = α.Xt will be called equilibrium error. A series is said to be stationary when linearity
properties exist, and are unvariante with time: the series has a spectrum which is finite
but non-zero at all frequencies. Such a series is called "integrated of order zero", denoted
I(0).

Some series need to be differentiated to achieve properties of linearity. They are
integrated of order d when they are differentiated d times, denoted Xt ~ I(d) but are not
stationnary and follow a random walk ∆Xt = et with a drift ∆Xt = µ + et and they admit an
unit root.

Sometimes, the series need to be integrated to become I(0); often, it is not
necessary to exceed the order 2 of integration. A simple example of a stationary series
I(0) is a AR(1) series generated by Xt = α.Xt-1 + et, where |α| < 1 and et is a white noise
with zero mean.

There are many substantial differencies between I(0) and I(1) or I (2) series. An
I(0) series has a mean and there is a tendency for the series to return to the mean, so
that it tends to fluctuate around the mean, crossing that value frequently and with rare
extensive excursions. Autocorrelation declines rapidly as the lag increases and the
process gives low weight to events in the medium to distant past, and thus has a finite
memory.

An I(1) or I (2) will be relatively smooth, will wander widely and will only rarely
return to an earlier value.
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In fact, for a random walk, for a fixed arbitrary value the expected time until the
process again passes through this value is infinite. This does not mean that returns do
not occur, but the time to return is very long-tailed. Autocorrelation {ρk} are all near one
in magnitude even for large k; an shock to the process affects all the later values and so
the process has indefinitely long memory.
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APPENDIX TWO

Definition and properties of cointegration :

This concept improves stationarity tests applied to a pair of series Xt and Yt.

One of the objects of building an economic adjustment model is to explain the
fluctuations of dependant variable by those of explaining variables leaving few
unexplained variations in the perturbator term et.

Consider a vector Xt of variables, this vector is said cointegrated if :

a) each element is I(d) d > 1
b) there exist a vector α (called cointegrating parameter) such as α'.Xt is I(d-

b) where α = 0 and d > b > 0.

The usual case d = b = 1, where α'.Xt is I(0).

The stationnarity is one condition to cointegration. Thus, if the dependant variable
is I(1), beyond the explaining variables, there must be one variable I(1) at least. A bad
specification of the model would be verified if all the independant variables were I(1) and
this would be reflected in the error which would be I(1) instead of being I(0). The
perturbation would not be stationnary or I(1) if the dependant variable were I(0). In fact,
all this is a question of calculation of the integration and thus of the growth. The right and
left side of the equation must be of the same order of integration or must have the same
tendency. To explain the growth of a series, at least one beyond explaining variables
must also grow so that this growth could be explained. Other variables simply express
the deviations around the general growth.

If two variables are cointegrated there is a special long run relation. Here the
definition of the long run does not accord with the conventional economic uses. For
example, variables which are I(0) non-integrated can have an important role in the long
run relationship. The formalisation and tabulation have been built on the work of Granger
(1986), Engle and Granger (1987), Engle and Yoo (1986) and Dickey and Fuller .
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