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RESEARCH NOTES

Estimating Agricultural Growth - A Piecewise
Regression Approach

M. Narayana Reddy,* J.C. Katyal, t Y.V.R. Reddy* and C.A. Rama Rao*

INTRODUCTION

Measuring agricultural growth has been one of the most extensively researched areas.
The growth rates in agriculture are usually estimated by fitting a semi-log trend equation of
the form:

log Y, = a + bt ....(1)

where Y, is production or area or productivity or any other time-series datum for the t-th
year. This equation is generally used on the consideration that the change in agricultural
output in a given year would depend upon the output in the preceding year (Dandekar, 1980;
Minhas, 1966). It has a limitation that it assumes a uniform rate of growth over the entire
period under consideration, which may not be true in reality. In general, to study the changes
in growth, the time period is often divided into two or more sub-periods based on some
external information or arbitrarily fixed criteria. For example, decadal growth rates are
commonly used for studying the dynamics of trends in agricultural growth. This implicitly
assumes uniformity of growth in a given decade, which may not be true. Further, we are
left with fewer observations for each sub-period, which leads to less precise estimates of
growth rates when estimated from the sub-periods' data independently. The change process
of agricultural growth depends on the dynamics of many factors such as introduction of new
technology, e.g., hybrids, prices, government policies, marketing facilities, food habits, etc.
Jeromi and kamanathan (1993) used kinked exponential model to estimate the growth rates
for different segments of continuous time-series data based on prior demarcation of
sub-periods. In statistical literature we find various other procedures. The piecewise
procedure divides the range of independent variable into segments and fit an appropriate
curve for each segment. The sub-periods are determined using statistical criteria of
optimisation. Hence, the procedure is useful in dividing the time-series data into two-or
more sub-periods of homogeneous change and provides more precise and stable estimates
of parameters of growth behaviour in the sub-periods. This approach is illustrated with an
example. A simple way of using piecewise regression equations using dummy variables
was described by Draper and Smith (1981) and Gujarati (1988). A good description on
fitting the piecewise or spline regression was given by Smith (1979).
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II

THE MODEL

The deterministic part of the piecewise regression equation is a simple extension of

equation (1) with two straight lines having different slopes meeting at the k-th year, viz.,

transitional year, is as follows:
log Y, = a+ b, t + b2 (t-k) d, .... (2)

where d, = 1 if t > k
=0 if t k

This gives
log Y,

and log Yt

=a+b, t fort5k

=a+b, t+b2(t-k) fort>k

= (a - b2 k) + (b, + b2) t

For the first line with t k, the slope is 1)1, and for the second line with t> k, the slope is (b,

+ b2) and intercept is (a - b2 k).
The equation (2) can be modified as

log Y, = a + b, + B2 (t-k) d, •••• (3)

where t, =t fort k
= k + 1 for t > k

log Y, = a + bi t for t k
= (a + b, k + bl - 132 k) + B2 t for t > k

Here, unlike in equation (2), the slope for the second line is B2 and the intercept is (a + b,

k + b, - B2 k).
Equation (3) is convenient to use as the estimates of b, and B2, the slopes of first and

second line segments, can be obtained directly. This equation represents two straight lines

with slopes 131 and B2 and continuous at the k-th year where they meet. But in many situations,

the change from one period to another period may not be that smooth so that the lines are

continuous at the transitional year. For example, adoption of new technology such as an

hybrid genotype may result in sudden jump in productivity, or a sudden change in the area

sown under a particular crop may occur due to many reasons such as change in price

environment and introduction of new crops. In such cases, the lines may not be continuous

and one more parameter, which helps in quantifying the sudden change at the transitional

year, needs to be included in the above equations. The equation after including this parameter

in equation (2) is as given below:

log Y, = a + 131 t + C2 (t-k-1) di + b3 d, .... (4)

where the sum of the parameters b, and b3 quantifies the sudden change in the variable under

study from k-th to (k+1)-th year. The above equation (4)can be written as

log Y, = a + b, t, + C2 (t-k-1) d, + b3 d, •••• (5)

which is an extension to equation (3).

log Y, = a + b, t fork t

= a + b, (k+1) + b3 for t = k + 1

= [a+b, (k+1) - C2 (k+1) + b3] + C2 t for t > k

When b3 = C2, equation (5) is same as (3) with B2 = C2.
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In this situation the average growth from (k+1)-th year is same as the average growth
from k-th year onwards. It means that the growth is uniform from k-th year onwards without
any break at k-th year. Selection of the time periods in fitting the above-mentioned equations
(3) and (5) without any empirical evidence leads to some degree of arbitrariness. Graphical
plots and the values of residual sums of squares (RSS) estimated by changing the values of
k aid in arriving at the optimum value of k, thereby dividing the entire time period into two
optimum sub-periods. This is illustrated with an example. From equation (5), the fractional
rate of growth during the first and second time periods are,

(dY,/di)/Yt =b, fort_1(
=C, fort>k+ 1

and the corresponding compound rates of growth r, and r2 can be obtained as:

r1 = exp (1)1) - 1,,r2 = exp (C2) - 1

The slopes bi and C-, represent the fractional rates of growth in the first and the second period
respectively. The parameters in the above equations can be estimated by ordinary least
squares (OLS). The optimum sub-division of the continuous time period can be achieved
by comparing the RSS (Draper and Smith, 1981) of possible division of the points to the
first and second lines around the range observed from graphical plots. The optimum division
is the one with smallest RSS.

III

EMPIRICAL RESULTS AND DISCUSSION

The above models were fitted to the time-series data on sorghum area and' roductivity
in India (Government of India, 1993). The observed data along with best fitted discontinuous
piecewise regression equations are shown in Figure 1 for both area and productivity. From
Figure 1 it is clear that there are at least two distinct phases of growth in area and productivity.
In the case of area, the change is taking place around 1968-71 whereas it is around 1972-75
in the case of productivity. The parameters of the model (5) are estimated by OLS procedure.
The optimum division of the time period was made by comparing the residual sum of squares
(RSS) or R2 values given in Table 1 after fitting the equation by changing k values around
the transitional period. The RSS is minimum when k = 21(1969-70) for the equation
representing area and fork = 25 (1973-74) for the equation representing productivity. The
fitted alternative models such as simple semi-log linear, quadratic and continuous piecewise
equation (3) are also given below along with the best fitted discontinuous piecewise
regression equations.
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1949-50 to 1969-70: 0.75%
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19770-71 to 1991-92: -0.71%
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1949-50 to 1973-74: 1.02%
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Year
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Figure 1. Estimated Trend Line and Growth Rates in Area and Productivity of Sorghum using Piecewise R
egression

Equation
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TABLE 1. VALUES OF RESIDUAL SUM OF SQUARES (RSS) AND R2 OF FITTED DISCONTINUOUS PIECE-
WISE REGRESSION EQUATION FOR SORGHUM TIME-SERIES DATA ON AREA AND •

PRODUCTIVITY FOR DlItERENT TRANSITIONAL YEARS (k)

Transitional
year (k)

(1)

Actual transitional year

(2)

. Area Productivity

RSS
(3)

R2
(4)

RSS
(5) (6)

18 1966-67 0.0850 69.5 0.4927 77.1
19 1967-68 0.0846 69.6 0.4869 77.4
20 1968-69 0.0811 70.9 0.4881 77.4
21 1969-70 0.0762 72.6 0.4907 77.2
22 1970-71 0.0829 70.2 0.4973 76.9'
23 1971-72 0.0945 66.1 0.4820 77.6
24 1972-73 0.1147 58.8 0.4341 80.2
25 1973-74 0.1201 56.8 . 0.4039 81.3
26 1974-75 0.1273 54.3 0.4320 80.0
27 1975-76 0.1323 52.5 . 0.4204 80.5
28 1976-77 0.1350 51.5 0.4421 79.5
29 1977-78 0.1350 51.5 0.4799 77.7
30 1978-79 0.1338 51.9 0.4940 77.1
31 1979-80 0.1330 52.2 0.4991 76.8
32 1980-81 0.1296 53.4 0.4990 76.8
33 1981-82 0.1281 54.0 0.4975 76.9
34 1982-83 0.1263 54.6 0.4990 76.8
35 1983-84 0.1253 55.0 0.4919 77.2
36 - 1984-85 0.1234 55.7 0.4798 77.7
37 1985-86 0.1223 56.1 0.4945 77.1

Note: Supporting material embodying data on dependent and independent variables used to estimate the parametersin piecewise regression equations (3) and (5) can be had from the first author on request.

Area

(a) Simple linear
log A, = 2.89412** - 0.00369** ; R2 = 32.5%

(137.69) (4.44) R2A = 30.8%

• (b) Quadratic
log A, = 2.77865 + 0.01170** t - 0.00035** t2; R2 = 68.3%

(123.32) (4.95) (6.72) • R2A = 66.7%

(c) Continuous piecewise with k = 21
log A, = 2.80845 +0.00409** t - 0.010478** (t-k) , R2 = 63.8%

(131.79) (2.81) (8.02) 
• R2A = 62.0%

(d) Discontinuous piecewise with k = 21
log A, = 2.78400 +0.007438** t1 - 0.00713** (t-k-1)d1 •_ - 0.11012 di ; R2 = 72.6%

(139.22) (4.66) (4.80) (4.01) R2A = 70.5%



160 INDIAN JOURNAL OF AGRICULTURAL ECONOMICS

Productivity

(a) Simple linear
log Y, = 5.96782 + 0.0157898**t ; R2 = 76.6%

(173.34) (11.58) R2A = 76.0%

(b) Quadratic
log Y, = 5.96540 + 0.016118** t - 0.000007 t2; R2 = 76.6%

(110.76) (2.85) (0.06) R 2A = 75.4%

(c) Continuous piecewise with k =25
log Y, = 5.97998 + 0.01477** t1 + 0.017341**(t-k)d1 ;

(136.18) (5.61) (4.70)

R2 = 76.7%

R2A = 75.6%

(d) Discontinuous piecewise with k = 25

log Y, = 6.0199 + 0.01016** t, + 0.00755** (t-k-1)d, + 0.19349** dt; R2=81.3%

(143.4) (3.60) (1.63) (3.11) R2A = 79.8%

** Significant at 1 per cent level of probability.

In the above equations A, represents area (million hectares) and Y, represents yield (kg/11a).

Figures in parentheses indicate values of t-statistic. The values of R2 and adjusted R2 (R2A)

are maximum for discontinuous models. R2A is a more relevant measure to compare the

goodness-of-fit of equations having unequal number of parameters.

Statistical significance tests are carried out to judge the adequacy of these models. The

results are given in Table 2. The extra sum of squares or the reduction in residual sum of

squares due to fitting one additional parameter in equation (3) and quadratic equation

compared to simple semi-log linear equation (1), and one additional parameter in equation

equation (5) compared to the continuous piecewise equation (3) and quadratic equation were

tested using F-statistic at 1 per cent probability level. Further, the reduction in RSS due to

fitting two more additional parameters in equation (5) compared to equation (1) was also

tested. In the case of area, the quadratic and continuous piecewise regressions are signifi-

cantly better than the linear. Between the former two, the quadratic equation emerges better

than the continuous piecewise as seen by R2 values. In the case of productivity, however,

there is no significant reduction in RSS due to fitting one more parameter in both the quadratic

and continuous piecewise equations compared to linear equation. However, fitting one more

additional parameter in the discontinuous piecewise regression equation (5) significantly

reduced the RSS compared to the quadratic and continuous piecewise equations in the case

of area as well as productivity. Further, the reduction in RSS due to fitting two more

parameters in equation (5) compared to equation (1) is significant for both area and pro-

ductivity. In the discontinuous case when time is the only independent variable the estimates

of the slope coefficients are identical with those that are obtained by ,fitting two separate

regressions for the two periods. But the advantage of piecewise regression formulation lies

in making it possible to test the significance of differences between the two slope coefficients

and the constant terms by fitting single equation (Gujarati, 1988). Moreover, the piecewise
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regression analysis gives the estimates of the changes with greater precision on the
assumption of homoscedasticity. In the case of area there is a continuous smooth change
over time instead of smooth change during a particular year. Hence, quadratic trend emerged
to be the better fit compared to continuous piecewise trend. In such situations particularly
in the case of area the changes may take place smoothly and hence fitting quadratic trend
equation may be more appropriate. But when we impose an assumption of the existence of
a break point at which things suddenly change, then the formulation of the sub-periods is
required making discontinuous piecewise regression more appropriate.

TABLE 2. RESULTS SHOWING THE ADEQUACY OF FITTED SEMI-LOG REGRESSION
EQUATIONS OF LINEAR, QUADRATIC AND PIECEWISE FOR THE TIME-SERIES •

DATA ON SORGHUM AREA AND PRODUCTIVITY

Type of
equation

Residual degrees
- of freedom . ,

Residual sum of
squares

Residual mean
• square

F-statistic

(1) (2) (3) , (4) (5)
Area
(a) Linear 41 0.18800 0.00458

• (b) Quadratic 40 0.08828 0.00221
(c) Continuous piecewise 40 0.10069 0.00252
(d) Discontinuous piecewise 39 - 0.07616 0.00195

(a) - (b) 1 0.09972 0.09972 45.12**
(a) - (c) 1 0.08731 0.08731 34.65**
(c) - (d) I 0.02453 . 0.02453 12.58**
(a) - (d) 2 0.11184 0.05592 28.68** •

Productivity
(a) Linear 41 0.50400 0.01229
(b) Quadratic 40 0.50391 0,01260
(c) Continuous piecewise 40 _ 0.50186 0.01255
(d) Discontinuous piecewise 39 0.40335 0.01034

(a) - (b) 1 0.00009 0.00009 • 0.007
(a) - (c) 1. 0.00214 0.00214 0.17
(b) - (d) 1 0.09510 0.09510 9.20**
(a) - (d) 2 0.10005 0.05033 4.87**

** Significant at 1 per cent level.

From the fitted discontinuous piecewise models we can draw the following inferences.
Sorghum area decreased at an annual rate of 0.74 per cent from 1949-50 to 1969-70 and
noticed a quantum decline and then further decreased at 0.71 per cent per year from 1970
onwards. Sorghum productivity showed an increasing trend with a jump in between. The
productivity increased at,an annual rate of 1.03 per cent during 1949,50 to 1973-74 and then
showed a quantum jump and then further increased at an annual rate of 0.75 per cent from
1974 onwards. The growth during 1973-74 is statistically insignificant ,as seen by t-test,
however there is a significant reduction in RSS (Table due to the inclusion of this parameter
in the equation. The quantum jump in the case of area during 1969-70 as estimated by 131
+ b3 is -9.76 per cent for area during 1969-70 to 1970-71 and 22.59 per cent for productivity
during 1973-74 to 1974-75. The quantum jump in the sorghum productivity around 1973-74
can be attributed to the adoption of new technology such as high-yielding varieties during
this period. This deceleration in productivity growth could, perhaps, be attributed to two
factors. First, the sudden increase in the area sown to improved varieties increased the mean
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yields. Secondly, there was no further breakthrough in the sorghum production technology.

In spite of the increasing trend in productivity, the area under sorghum started decreasing

from 1970 onwards. Examination of historic performance of agriculture, of which growth

behaviour is a close indicator, is a first step in formulating appropriate policies. Piecewise

regression helps in bringing out clearly the temporal changes in growth behaviour. For

many studies such as instability analysis, de-trending the time-series data is required. Hence,

de-trending the data using piecewise trend equation wherever appropriate may result in

precise instability analysis.

Received July 1996. Revision accepted May 1998.
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