
Abstract

Mechanistic growth models, parametric and non-
parametric regression models were used to estimate
the trend and growth rate of fish production in India
during the period 1980 to 2014 and fish export
during the period 1960 to 2014. It was found that
parametric and mechanistic growth models pro-
duced high R2 values and low RMSE, but error
terms of fitted models were not independent.  The
local polynomial regression of order one was fitted
to the data and found to be the best model to
estimate the trend of fish production and export
over the decades. Nonparametric regression ap-
proach used to estimate the compound growth rate
of fish production and export efficiently compared
to parametric and mechanistic growth models.

Keywords: Trend, compound growth rate, fish
production and export, mechanistic growth models,
parametric and nonparametric regression, local
polynomial regression

Introduction

Compound growth rate of a commodity is an
important economic factor used for policy imple-
mentation and it is widely discussed in the past
(Panse, 1964; Dey, 1975). The usual practice to
estimate growth rate over a period of time is to
formulate a hypothetical function which would
estimate the growth curve. Thus, choice of the
functional form of the growth curve and estimation
of its parameters are two important steps involved
in computing growth rate. Reddy (1978) had
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compared in detail various parametric models used
for trend analysis and estimation of growth rate.
Tornqvist et al. (1985) computed relative growth rate
during a period as the logarithm of ratio of values
at the two successive time periods of a time series.
Lorenzen (1990) introduced an improved method
for measuring growth rate using mean-value theo-
rem. Prajneshu & Chandran (2005) used non-linear
logistic and gompertz growth models to compute
the compound growth rate.

The above discussed methods are not valid when the
error terms are not independently and identically
distributed. Such situations arise when the relation-
ship between the explanatory variables and the
response is not adequately modelled parametrically.
In such cases, any degree of model misspecification
may result in serious bias of the estimated response.
Furthermore, the optimal regressor settings may be
miscalculated. To overcome the deficiencies of
parametric models, non-parametric regression mod-
els are used in place of parametric models by
alleviating the sound statistical assumptions. Hardle
(1990) used different smoothing techniques to
estimate the response function via nonparametric
method. Chandran & Prajneshu (2004) used non-
parametric approach for computing compound
growth rate in agriculture and found it to be
superior over the existing parametric models.
Rajarathinam & Vinoth (2013) used non-parametric
regression with jump points over the parametric
models to describe the tobacco production. Aneiros-
perez et al. (2010) used local linear regression with
functional explanatory variable as a functional
method for time series prediction and compared it
with other functional nonparametric methods. Non-
parametric regression requires larger sample sizes
than regression based on parametric models because
the model structure as well as the model estimates
need to be derived from the data.
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India is the second largest producer of fish in the
world contributing to 5.43% of global fish produc-
tion. The marine and inland fish production
witnessed increasing growth over the decades.  The
total fish production from marine and inland sector
was 24.42 lakh tonnes in 1980-81 and which
increased to 95.82 lakh tonnes in 2013-14.  The
marine and inland fish production was 15.55 and
8.87 lakh tonnes during 1980-81, respectively; which
increased to 34.4 and 61.42 lakh tonnes during 2013-
14.  The inland fish production has attained higher
growth compared to marine fish production. India
also earns foreign exchange through the export of
fresh and processed fishery products. The quantity
of fish exported from India in 1980-81 was 74 542
tonnes and which increased to 9 83 756 tonnes in
2013-14. During this period, the annual export
showed an increasing trend with nonlinear behaviour.

Fish production and export in the country has
undergone structural changes at different time
intervals. Parametric models are widely used to
capture the structural changes in a given time series.
Salazar (1982) examined structural changes in the
regression model with auto correlated errors. There
have been few studies for describing fish production
and export in India. Yogamurthi & Sivashankar
(1994) analyzed India’s seafood export using poly-
nomial regression methods. Prajneshu &
Venugopalan (1997) used polynomial, non-linear
mechanistic growth models and ARIMA time-series
models for trend evaluation of marine, inland and
total fish production in India. They found that
ARIMA models are most appropriate compared to
other models. Venugopal & Prejneshu (1996) used
nonlinear growth models and ARIMA models to
forecast India’s marine product export and found
that ARIMA models best fit.  Ravichandran &
Prajneshu (2001) used structural time series models
for describing all India marine, inland and total fish
production which performed better than ARIMA
models. Chandran & Prajneshu (2005) used non-
parametric regression model with auto correlated
errors for describing India’s marine fish production
and compared with ARIMA method. They found
that nonparametric regression is best when error
terms are correlated. All these studies were carried
out either to forecast or evaluate the trend of fish
production in India.

The present study discusses estimation of trend and
compound growth rate of India’s fish production
and export using parametric and non-parametric

modelling techniques. The goodness of fit of the
fitted models was assessed using appropriate
statistics and evaluated merits and demerits of the
fitted models. Estimation of trend and growth rate
of fish production and export using sound statistical
methods will help planners in policy implementa-
tion in the harvest and post-harvest sector fisheries.

Materials and Methods

All India fish production data during the period
1980-81 to 2013-14 was collected from the handbook
of Department of Animal Husbandry, Dairying and
Fisheries (DAHD), Ministry of Agriculture and
Farmers Welfare, Govt. of India and fish export data
during the period 1960-61 to 2013-14 was collected
from Marine Product Export Development Author-
ity (MPEDA), Ministry of Commerce, Govt. of India.
The marine, inland and total fish production; and
fish export are abbreviated as MFP, IFP, TFP and FE,
respectively.  Parametric, mechanistic and non-
parametric regression models were fitted to the
secondary data for computing trend and compound
growth rate for marine, inland and total fish
production in India and fish export from the
country. The functional forms of different models
used are described in the following sections.

Parametric Models for Trend and Compound
Growth Rate

Consider the standard functional form for comput-
ing growth rate as

          Yt = f(xt) + �t , t = 1,2,...,n,         (1)

where Yt is observation at time t, f(xt) is any
parametric function relating Yt and xt ; and �t is
independently and identically distributed additive
error term. The standard parametric models for
computing growth rate takes the functional form of
f(xt) are Malthus model, linearized Malthus model
and mechanistic growth models viz., monomolecu-
lar, logistic and gompertz model. The functional
form of Malthus model is given in equation (2),
where Y0  is the value of Y when t = 0 and r is the
compound growth rate

          Yt = Y0 (l + r)t + �t                  (2)

Another common procedure is to transform the
Equation (2) with multiplicative error term through
logarithmic transformation. The parameters of lin-
earized model are estimated by method of least
squares.
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Yt* = Y0* + Bt, where Yt* = log(Yt),
        Y0* = log(Y0) and B = log (l + r)       (3)

The parameters of the model (2) and (3) may be
estimated by the method of ordinary least squares.
Thus, the compound growth rate (r) of the
linearized model is computed as r = exp(B) --- 1

The functional form of mechanistic growth models
viz., monomolecular, logistic and gompertz model
with ‘K’ as the carrying capacity of the system and
‘r’ as the intrinsic growth rate are given in equation
(4), (5) and (6), respectively.

Yt = K --- (K --- Y0) exp(--- r t) + �t,      (4)

Yt = K / [1+(KY0---1) exp(--- r t)] + �t,      (5)

Yt = K exp[log(Y0K) exp(--- r t)] + �t     (6)

The merits and demerits of all the above models are
discussed by Prajneshu & Chandran (2005). The
parameters are having standard interpretations and
nonlinear estimation procedures employed to esti-
mate the parameters using Levenberg-Marquardt
algorithm (Seber & Wild, 2003) of NLIN procedure
of SAS 9.3. The validity of the fitted model is
examined by analysing the residuals. The goodness
of fit of the fitted model was assessed based on
variance explained (R2) and root mean square error
(RMSE). Once the best fitted mechanistic growth
model is identified, the next step is to compute the
‘Compound Growth Rate (CGR)’ for a given set of
data. The growth rate for Monomolecular, Logistic
and Gompertz models for a period (t1, ti+l),i =
0,1,2,...,n---1, where n is the total number of data
points, is computed as given in Prajneshu &
Chandran (2005). The compound growth rate for a
given period can be calculated by taking the average
of the growth rate during the period. See Seber &
Wild (2003) and Prajneshu & Chandran (2005) for
more details.

Nonparametric Model for Trend and
Compound Growth Rate

Nonparametric regression captures structure in the
data. The nonparametric functional form for an
equi-spaced time series data to describe the relation-
ship between the dependent and explanatory
variables is given as

Yi = m(ti) + �i, i = 1,2,...,n,           (7)

where Yi is the value of Y at ith time period, m(.)
is assumed to have an unknown but reasonably

smooth form (Cleveland, 1979) and �i are errors with
zero mean and constant variance. Similar to
parametric regression, the estimator is a linear
combination of the values of the dependent variable,
but assigns more weight to observations closest to
the point of prediction. The nonparametric fit is
more flexible than the parametric fit as it is not
confined to the user’s specified form.

Several fitting techniques have been proposed in the
nonparametric regression literature. Some of these
are kernel regression (Nadaraya, 1964; Watson, 1964;
Priestley & Chao, 1972; Gasser & MÄuller,1984),
local polynomial models (Fan & Gijbels, 1996 and
Fan & Gijbels, 2000), spline-based smoothers and
series-based smoothers (Ruppert et al., 2003). Kernel
regression is an intuitive approach to estimation;
however, it inherently has a boundary bias problem
when symmetric kernel functions, such as the
Gaussian, are used. For example, if the observations
follow a concave down trend, the kernel estimates
at the first and nth order statistics of the regress or
are weighted averages of values larger than the
observed values at t1 and tn, respectively. Thus, the
estimates at t1 and tn will most likely be biased.
Local polynomial regression (LPR) is a smoothing
technique that is robust to biased estimates at the
boundary of the independent variables. Originally
proposed by Cleveland (1979), LPR is a weighted
least squares problem where the weights are given
by a kernel function.

A local polynomial equation m (t,t*) of degree ‘p’,
when the value of the predictor (t) is close to (t*),
is given by

(8)

The parameters aj (t*), j = 0,1,...,p are derived by
minimizing

where,  is a kernel function and h is the

bandwidth. We used tri-cube weight function
(Takezawa, 2006) defined by
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The local linear regression fit at the prediction point
t’ = (t1,t2,.......,tn) to predict y’ = (y1,y2,......,yn) is
given by

       yLPR = t’(t’Wt)-1t’Wy = Ly,                (9)

where, W is a n x n diagonal matrix containing the
kernel weights associated with t,

and L is the local linear HAT or smoother matrix
defined as,

h1
(LPR)’

L = h2
(LPR) , where h

i
LPR = t’(t’Wt)-1t’W

hn
(LPR)’

Since the LPR estimates are dependent on the kernel
weights, bandwidth selection remains important.
For more details on local polynomial regression, see
Fan & Gijbels (1996) and Fan & Gijbels (2000). The
selection of optimum smoothing parameter was
done based on the values of generalized cross
validation (GCV) (Takezawa, 2006). The goodness of
fit of the model was assessed by AICC and the
independence of error terms were examined by run
test.

Estimation of Growth Rate

Suppose the change in Yt per unit time is measured
by rt, the value of Yt + 1 can be considered as

Y
t+1

 = Y
t
 + r

t
Y
t
 = b

t
Y
t

or Y
t+1 = b

t
 ----> Z

t
 = b

tY
t

We now assume that Zt is a smooth function over
the time interval (t, t+1) and it can be written as

         Zt = m(t) + �t,                       (10)

where E(Zt) = m(t) and �t follows normal distribu-
tion with mean zero and constant variance  σ2 < ∞.
The function m(t) can be estimated using nonpara-
metric method as given in the previous section.

       m(t) = t’(t’Wt)-1t’WZ
t
 = LZ

t
            (11)

Thus, the relative growth rt for a given time period
t can be computed from the estimated values of
nonparametric function as

                 rt = m(t)---1                  (12)

Here, relative growth is computed non-parametri-
cally from a smooth function and the growth rate
is computed at each time point. Growth rate for a
given time interval can be computed as the average
of the individual growth rates during that period.

Results and Discussion

Secondary data on all India marine, inland and total
fish production measured in lakh tonnes during the
period 1980-81 to 2013-14 and fish export data
during the period 1960-61 to 2013-14 were used for
the study. Nonlinear functional form of equation (2)
with additive error term was fitted to the data using
Levenberg-Marquardt method by writing programme
in SAS 9.3. The model explained 85, 99 and 98.5%
of the total variability in the data for marine, inland
and total fish production, respectively with RMSE
of 2.52, 0.78 and 2.64, respectively. The R2 and RMSE
values for fish export data were 0.98 and 0.378.  The
parameters along with the standard error of the
fitted model are given in Table 1.

The estimated compound growth (r) based on this
model was 2.3 %, 5.9% and 4.1% for marine, inland
and total fish production, respectively  and 7.4 %
for fish export. The result of run test rejected the null
hypothesis of independence of error terms (p<0.05)
and the authenticity of the fitted model. Therefore,
the model under consideration is not good enough
to compute the growth rate of fish production and
export.

Log linearized functional form of Equation (2) was
also fitted to the data using simple linear regression
procedure (Prajneshu & Chandran, 2005).  The
results of the fitted model along with R2 and RMSE
values are given in Table 2.

^

^ ^
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The estimated compound growth rate (r) based on
log linearized model is 1.11, 2.53 and 2.01% for
marine, inland and total fish production, respec-
tively and 3.57% for fish export. The run test of
residual terms rejected the null hypothesis (p<0.05)
and so the assumption of the error terms are
violated. Thus the model was not selected.

Nonlinear growth models viz., Monomolecular,
Logistic and Gompertz were fitted to the secondary
data on fish production and export as a function of
time using Levenberg-Marquardt method. The
parameters of the fitted model along with goodness
of fit of the model are given in Table 3.

The fitted monomolecular model was found unre-
alistic as its estimated value of carrying capacity (K)
and standard error is very high. Thus, monomolecu-
lar model was not good enough to explain the given
data set. Logistic and Gompertz models fitted with

similar efficiency to the data set as can be seen in
Table 3. The randomness of error terms of the fitted
models were tested by performing run test and the
bad part was that none of the so called best fitted
models could produce independent error terms,
thus rejected the null hypothesis of error terms
(p<0.05). So that, both the models can’t be used to
estimate the growth rate as they failed to produce
independent error terms.

Local polynomial regression (LPR) of degree one
was fitted to the marine, inland, total fish produc-
tion and fish export data. The assumed model could
estimate the trend of fish production and export
with higher accuracy compared to the parametric
models. The estimated values of smoothing param-
eter along with GCV and residual sum of square
(RSS) are given in Table 4. The number of points in
the local neighbourhood was 5 for total and marine
fish production; 6 for inland fish production and 10

Table 1. Estimated parameters of the Malthus model

Y Estimate Std Error 95% Confidence Limits R2 RMSE

TFP 24.38 0.61 23.14 25.61 0.98 2.64

MFP 16.79 0.71 15.36 18.24 0.85 2.52

      
Y
0 IFP 8.61 0.14 8.32 8.89 0.99 0.78

FE 0.170 0.018 0.133 0.207 0.98 0.378

TFP 0.041 0.001 0.0385 0.0426

MFP 0.023 0.002 0.019 0.026

      
r

IFP 0.059 0.0006 0.057 0.060

FE 0.079 0.003 0.074 0.084

MFP IFP and TFP are marine, inland and total fish production; FE - fish export

Table 2. Estimated parameters of log-linearized model

Y Estimate Std Error 95% Confidence Limits R2 RMSE

TFP 1.37 0.0095 1.35 1.39 0.97 0.027

MFP 1.20 0.012 1.16 1.23 0.84 0.053

      
Y
0
*

IFP 0.918 0.006 0.91 0.93 0.99 0.016

FE -0.855 0.022 -0.899 -0.811 0.97 0.079

TFP 0.018 0.0005 0.017 0.019

MFP 0.011 0.0008 0.092 0.013

      
B

IFP 0.025 0.0002 0.024 0.026

FE 0.035 0.0007 0.034 0.037

MFP IFP and TFP are marine, inland and total fish production; FE - fish export
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Table 3. Estimated parameters of Mechanistic growth models

Model Parameter Y Estimate Std Error 95% Confidence Limits R2 RMSE

K TFP 8250.30 202950 0 422169

MFP 38.78 3.53 31.58 45.99

IFP 12407 974431 0 1999768

FE 8235.2 4687870 -9407629 9424100

Y
0

TFP 16.21 1.78 12.58 19.85 0.97 3.26

MFP 11.5 1.21 9.04 13.99 0.92 1.82

IFP 1.28 1.9 -2.5 5.15 0.95 3.48

FE -1.66 0.52 -2.71 -0.63 0.80 1.21

r TFP 0.0003 0.006 -0.013 0.013

MFP 0.047 0.013 0.021 0.073

IFP 0.0001 0.009 -0.019 0.019

FE 0.00002 0.011 -0.021 0.021

K TFP 238.9 78.32 79.12 398.60

MFP 33.72 1.25 31.16 36.28

IFP 346 130.7 80.01 613.2

FE 227.6 978.1 0 2192.1

Y
0

TFP 9.52 3.13 3.13 15.91 0.98 2.50

MFP 1.75 0.17 1.41 2.09 0.92 1.81

IFP 41.39 15.09 10.61 72.18 0.99 0.732

FE 1393.6 5728.9 -10113.2 12900.5 0.98 0.382

r TFP 0.052 0.006 0.041 0.063

MFP 0.113 0.015 0.08 0.146

IFP 0.063 0.003 0.057 0.068

FE 0.078 0.007 0.063 0.092

K TFP 919.1 905.2 0 2765.2

MFP 35.34 1.85 31.56 39.12

IFP 346 130 78 610

FE 7904.8 33499.4 0 75190.4

Y
0

TFP 3.73 0.95 1.79 5.67 0.98 2.4

MFP 1.08 0.068 0.95 1.22 0.92 1.80

IFP 40.29 15.08 12.28 68.18 0.99 0.721

FE 11.43 3.80 3.79 19.06 0.98 0.384

r TFP 0.014 0.005 0.004 0.024

MFP 0.079 0.014 0.051 0.108

IFP 0.06 0.003 0.056 0.067

FE 0.009 0.006 -0.001 0.021

MFP IFP and TFP are marine, inland and total fish production; FE - fish export
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for fish export.  The predicted and residual values
were computed from the fitted model. The indepen-
dence of error terms are tested at 5% level of
significance by run test and did not reject the null
hypothesis (p>0.05)  of error terms for marine,
inland, total fish production and fish export.
Therefore, nonparametric regression model was
found suitable to predict marine, inland and total
fish production as well as fish export. The predicted
values along with observed values are given in Fig.
1 and 2 for fish production and export.

The structural change in fish production and export
was very well estimated by nonparametric regression
approach and it is shown in Fig. 1 and 2. The results
of run test revealed that error terms are indepen-
dently and identically distributed with constant
variance. The marine, inland and total fish produc-
tion during 2014-15 were 34.9, 65.7 and 100.6 lakh
tonnes, respectively and the corresponding pre-
dicted values were 34.5, 65.2 and 100.1 lakh tonnes.
The fish export during 2014-15 and 2015-16 was 10.51
and 9.46 lakh tonnes, respectively; the predicted

Table 4. Fitting summary of nonparametric regression

Y Smoothing RSS GCV AICC
Parameter

TFP 0.16 12.29 0.034 1.87

MFP 0.16 9.06 0.025 1.57

IFP 0.2 6.34 0.011 0.41

FE 0.2 4.04 0.0022 -1.05

MFP IFP and TFP are marine, inland and total fish
production; FE - fish export

values based on the fitted nonparametric regression
were 10.01 and 9.71 lakh tonnes, respectively.

Once the nonparametric model was found suitable
to predict the fish production and export, it was
used for computing compound growth rate for fish
production and export during 1980-81 to 2013-14
as discussed in the methodology. Based on the
nonparametric regression method, the average
compound growth rate for marine, inland and total
fish production was 2.71, 6.02 and 4.24%,
respectively. The average compound growth rate of
fish export was 6.83%. The year wise growth rate
was computed using the formula rt = m(t)---1 with
predicted values of Zt and it is given in the Table
5. The non-parametric regression method can be
used in place of parametric and mechanistic growth
models for computing compound growth rate of
fish production and export at the cost of sound
statistical assumptions and parametric interpreta-
tion of the estimated regression coefficients.

The growth rate for a given time interval can be
obtained by taking the average of the individual
growth rate during that time period. It could be
inferred from the Table 5 that marine fish produc-
tion is showing lower growth rate compared to
inland fish production.  The growth rate of total fish
production showed an increasing trend. The pre-
dicted growth rate based on the fitted nonparamet-
ric method was 1.93, 7.15 and 5.33% respectively for
marine, inland and total fish production during
2014-15. The predicted growth rate of fish export
during the period 2014-15 and 2015-16 was 0.9 and
-7.2%, respectively. The low growth rate in capture
fishery might have attributed the negative growth
rate for fish export.Fig. 1. Nonparametric regression fit to fish production

Fig. 2. Nonparametric regression fit to fish export
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Table 5. Computed growth rate (CGR) for TFP, MFP, IFP and FE

Year CGRTFP CGRMFP CGRIFP CGRFE Year CGRTFP CGRMFP CGRIFP CGRFE

1982-83 1.25 -0.72 5.11 1.56 1998-99 2.31 -2.19 5.42 -8.41

1983-84 4.17 5.77 4.73 4.04 1999-00 2.14 -0.38 5.59 5.15

1984-85 5.49 7.19 6.00 4.15 2000-01 3.33 1.26 5.89 7.10

1985-86 5.02 3.79 7.12 -2.63 2001-02 3.52 1.53 5.36 6.38

1986-87 3.32 -0.69 5.98 1.11 2002-03 3.18 2.18 5.56 5.66

1987-88 4.36 1.32 4.89 3.10 2003-04 2.55 -0.63 5.04 -5.35

1988-89 6.95 10.40 5.09 8.54 2004-05 2.35 -2.44 4.72 5.05

1989-90 8.46 13.83 6.28 13.98 2005-06 2.69 1.10 4.71 6.53

1990-91 8.81 9.52 7.66 18.87 2006-07 3.88 2.53 6.00 8.02

1991-92 7.10 4.57 8.54 23.76 2007-08 4.81 1.19 6.96 -7.16

1992-93 5.96 4.90 8.64 19.81 2008-09 4.86 1.06 7.07 8.50

1993-94 5.09 3.17 7.61 15.85 2009-10 4.93 3.46 6.44 9.83

1994-95 4.70 1.66 7.26 16.88 2010-11 4.68 4.20 5.19 11.41

1995-96 4.54 3.46 6.27 -16.18 2011-12 4.66 4.03 5.08 10.48

1996-97 3.51 4.10 5.35 15.47 2012-13 5.03 3.87 5.73 9.56

1997-98 2.90 0.03 5.54 11.67 2013-14 5.40 3.68 6.40 5.85

MFP IFP and TFP are marine, inland and total fish production; FE - fish export

Conclusion

The merits and demerits of different regression
methods for estimating trend and growth rate of fish
production and export are discussed in detail. The
parametric models viz., Malthus and linearized
Malthus models were used to estimate the com-
pound growth rate of fish production and export
with high R2 value and small RMSE value. But, both
models treated the compound growth rate constant
instead of a stochastic parameter and also the error
terms failed to uphold the independence. Mechanis-
tic growth models viz., Logistic and Gompertz
models estimated the trend of the data by treating the
growth rate as a stochastic process by computing it
at a given time period by using predicted values of
dependent variable and the estimated parameters.
The error terms of both the models showed signifi-
cant dependencies as the run test rejected the null
hypothesis of independence of error terms. Local
polynomial regression of order one was found to be
the best model to estimate the trend of fish produc-
tion and export over the decades. The error terms of
nonparametric regression for fish production and
export was identically and independently distrib-
uted as the run test failed to reject the null hypoth-
esis. Thus, nonparametric regression approach used

to estimate the compound growth rate of fish
production and export efficiently compared to para-
metric and mechanistic growth models. The com-
puted compound growth rate for marine, inland and
total fish production was 2.71, 6.02 and 4.24%,
respectively. The fish export registered a compound
growth rate of 6.83% over the decades. The growth
rate for a given time interval can be obtained by
taking the average of the individual growth rate
during that time period.
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