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This paper attempts to find out the causal relationship between port performance
and port traffic by using Indian data. The use of cointegration analysis has come
out with the result that performance precedes traffic in most of the ports of India.
Hence, government policy towards performance augmenting facilities should be
given priorty so that higher efficiency induces higher traffic.

1. Introduction

In India, awareness towards the impact of port efficiency on infrastructure in general
and foreign trade in particular has increased in recent years, partly as a result of
numerous reporis regarding the fragile state of the nation’s port infrastructure. The
importance of an efficient port for the growth of the port sector stems from the chain
linkage between production, performance of individual ports and overseas transpor-
tation leading to exports ever since the liberal economic regime initiated in 1991 [1].

The effects of poor port performance on a country’s trade have become too
obvious [2]. Inefficient ports, whether through lack of integrated transport network,
outdated work practices or obsolete facilities, can stall a country’s growth, even in a
borderless world. The unreliability and poor quality of other complementary infra-
structural services often add to the costs of production of exportables and adversely
affect a country’s international competitiveness [3-3]. Rising inefficiencies in ports
have forced the governments all over the world to deregulate the port system [6-8].
Many governments have began to deregulate economic activities and decentralize
decision-making, with the ohjective of increasing financial viability and productive
efficiency of the public sector. Towards this direction, governments across the world
are presently reformulating the way they control, regulate, and manage ports, with
the general principle of reducing direct intervention and, where feasible, the use of
the private sector for typical port operations is being introduced.

The present paper addresses these issues in the context of India. There are some
studies which have tried to understand the relation between a country’s openness,
port performance and port traffic [9, 10], but none has touched upon the empirical
causality between port performance and port throughput. Several reasons explain
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the choice of the Indian port sector. First, the port sector in several erstwhile devel-
oping countries has been undergoing transformation from a subsistence infrastruc-
ture resource into a more capital intensive, commercially oriented facility during the
last two decades. On the other hand, India has lately thought about taking some
steps leading to deregulation of her port sector. Indian ports are currently charac-
terized by the existence of obsolete and poorly maintained equipment, hierarchical
and bureaucratic management structures, weak coordination between the port trusis
and users of the ports, lack of synchronization of working times, excessive labour,
and, in general, an institutional framework that is considerably in variance with
the government’s overall economic objectives [11-14]. Secondly, considering the
country’s entry into the second stage of reform, the analysis will help to assess
potential benefits of moving to a deregularized port sector under a liberal trading
regime when more than 75% of the country’s foreign trade pass through seaports.
For instance, if performance stimulates traffic, then the benefits of performance
augmenting factors might be responsible not only for redistribution of existing traffic
but also for attracting new manufacturers /suppliers. There are ample examples to
show that even if a country produces technologically advanced quality goods (pure
theory of trade), non-price factors like transport costs and facilities often work as
decisive deterrence to trade. So, causal inspection of trends of a country’s overseas
trade suggests the need for an investigation into the linkages between port perform-
ance and port traffic.

Rigorous theoretical arguments could be advanced in support of a possible
‘cansality” between performance and traffic. The nature of this causality is essentially
an empirical question. There are three basic reasons why the study of causality for
understanding the economic functioning of ports will be highly instructive for future
policy in an era of worldwide luissez faive.

The first relates to the very nature of the subject as an inseparable part of social
decision making. Here, one deals with extremely imperfect knowledge and informa-
tion which give hirth to conclusions that cannot be established with precision. In
sharp contrast, in physical sciences, there are many ‘laws” which can be called with
precision ‘universal’. Hence, the application, even partly, of a gross technique of
identifying some relationship between the concerned variables as ‘prior’ or “after’
would certainly make one millionth of a step forward in understanding the relevant
thrust of policy [13].

Secondly, in undersianding the nature of the relationship among the relevant
variables, one must have to bring ‘time’ into the framework. Unlike other fields of
knowledge, the economists are mainly concerned with the ‘present’ time, and histor-
ians with the whole of recorded history—the *past’. Interestingly, the very ‘present’ is
really fleeting: one does not have time to think about it until it becomes ‘past’—a
past that is measurable either in terms of seconds, minutes, hours, years or centuries.
This means that even economic logic is (should, because one major purpose of such
study is to enlighten the future policy makers) highly linked with the past and also
with the future. However, it is with the past that one has to begin. This series of past
information through the present that help make generalizations for predicting the
future, guide the policy makers in undertaking relevant planning. In the true sense of
the term, ‘time’ in such a framework is one of long run. However, in reality, one does
have to sometimes contend with information in the past which cannot go beyond a
couple of decades. That may impose some amount of imitation in the efficacy of the
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estimated parameters; nonetheless it would certainly be an additional advantage over
working in a cross-section framework.

Thirdly, unlike other subjects of social science, economics is especially concerned
with the making of decisions (and, hence. guiding future course of actions through
relevant policies) and also with the consequences that follow from these decisions.
There are profound implications involved in this process of policy-making and sub-
sequent economic development. This is more desirable than a ‘counter-factual® logic
of defending an ad hoe policy [16].

Investigating this causality may be highly paying in terms of future policy. For
example, if under certain conditions, there is enough evidence towards the fact that
performance precedes traffic, then performance-augmenting factors should get prior-
ity in the chain of policy making such that higher traffic will be a resultant of better
policy induced investment. At a later stage, this will improve the trading status of the
nation. If, on the other hand, it is seen that traffic appears to cause performance,
then reducing trade restrictions and transaction costs may encourage adoption of
performance augmenting technology which in its turn will have a positive impact
upon traffic and, hence, on foreign trade.

Four mutually exclusive causual relationships can be contemplated. These are:
unidirectional causality from performance to traffic or traffic to performance, no
causality in either direction and causality in both directions. Each of these cases has
different implications for port policy.

The main purpose of this siudy is to analyse the causality between performance
and traffic of Indian ports over the period from 1985-1999. The organization of
the paper is as follows. Section 2 deals with the data. Individual performance
indicators of Indian ports, along with the construction of a port performance
index (PPI) are discussed in section 2. Section 3 tests the causality between port
performance and port traffic. Finally, policy implications and concluding remarks
are briefed in section 4.

2. Data and methodology

In general, port facility can be taken as public infrastructure input from the supply
side. The authors have attempted to measure the performance of Indian ports by
developing a composite index with the help of principal component analysis. This is
called the port performance index (PPI), which comprises of indicators of opera-
tional performance (ship turnaround time (TRT), pre-berthing waiting time
(PBWT), and percentage of idle time at berth to time at working berth
(PITTWB)), asset performance (output per ship berth day (OSBD), berth through-
put rate (BTR), and berth occupancy rate (BOR)) and financial performance (oper-
ating surplus per tone of cargo handled (PTOS) and rate of return on turnover
{RRT)) for 12 major (Central) ports over a period of 135 years starting from 1985-
1999 [17]. The details of PPl and its construction are explained in section 2.2. The
functional values of the port performance indicators appear to give a fairly repre-
sentative and reasonahle picture of port efficiency.

To determine the causal relationship which best describes the empirical reality in
the Indian port sector, an attempt is made to apply some econometric tests. Unit
root tesis, cointegration tests, and Granger causality tests are conducted in a sequen-
tial manner to judge the nature and strength of this causality in section 3.

The choice of the initial year (1985-1986) is influenced by the fact that, since the
mid-1980s, India embarked for the first time upon a path of trade liberalization with
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special emphasis on the telecommunication and electronics sectors. In 1991-1992,
India undertook economic reform as explicit state policy which began with the
announcement of the new Industrial Policy in July 1991. A break in 1991-1992
helps evaluate the nature of the relationship among the variables in the posi-liberal-
ization period [18]. Due to lack of adequate information on performance indicators,
minor (State) poris have not been considered in this study.

The main data for this study have been collected from various issues of (i) Basic
Ports Statistics of India, and (ii) Transport Statistics of India—all published by the
Ministry of Shipping, Government of India. This data set is supplemented by several
issues of ‘Major Poris of India: A Profile’, published by the Indian Ports
Association, New Delhi.

21, Measures of port performance

As the objective of this study is to examine the causality between port performance
and port traffic, it considers only those indicators which are directly linked with port
performance. To understand the impact of such indicators, it is necessary to identify
the factor(s) which lead to influence most on the overall performance of a particular
port. Hence, an attempt is made to measure the performance of Indian major ports
by developing a composite index, called port performance index (PPI) comprising
indicators of operational performance (TRT., PBWT, PITTWB), asset performance
{OSBD, BTE, BOR) and financial performance (PTOS, RRT). Eight individual
variables were taken, as described in section 2, of the major poris over the period
from 1985-1999. The definitions of the performance indicators are spelt out in
appendix 2. The basic limitation of the conventional method of constructing a com-
posite index from a number of indicators is that often subjective and fixed weights
are given to individual indicators, which actually vary over time and space. To
overcome this limitation, the well-known multivariate technique of ‘factor analysis’
{or what is known as ‘principal component analysis”) (PCA) is employed, from which
the weights of the respective factors follow [19].

In the PCA approach, the first principal component is a linear combination of the
weighted variables which explains the maximum of variance across space. Hence,
here, the sole objective of the weighting mechanism is to explain the maximum
variance for all the individual indicators across the ports at a point in time. The
rationale for using principal component analysis is that it helps one to reach an
aggregative representation from various individual port performance indicators.
lts broader objective is quite pari pasu with homogenizing the overall requirements
for the individual indicators across the ports. The worldwide globalization pro-
eramme makes it almost mandatory for researchers to apply this normalization
technique not only across regions within a country but also across ports in different
countries located in a particular geographical block of the globe.

22, Construction of PP

WValues of eight port performance variables from 1985-1999 across 12 major ports
were available. The details of the factor loadings (weights) derived from the PCA of
these performance variables and their corresponding ranks are presented in tables 1
and 2. The estimated PPl and rank of ports in terms of PPI are given in tables 3
and 4, respectively. PP1 is a linear combination of the unit free values of the indi-
vidual indicators such that
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PPI; =) WyXy (1)

where PPI; = port performance index of the ith port in jth time, W, = weight of kth
indicator in jth time, and X, = unit free value of the k#h indicator for the ith port in
Jth time. Each individual indicator was made unit free dividing by the standard
deviation across the ports. A few observations are worth noting here.

First, the authors have not found a single variable that has emerged as the most
influential factor in all the years. The variables which have emerged as influential
determing factors before 1991 come out as less important factors in the post-liberal-
ization peried. However, looking at the overall consecutive good rankings of BOR,
BTR and PBWT during the period, it is felt that these variables have played an
influential role in determining the performance of individual ports.

Secondly, PBWT, BOR, TRT and BTR have been found to be important deter-
minants of performance in the post-liberalization period during 1991-1992 1o 1999-
2000. Thus, two each of the operational performance indicators (TRT and PEWT)
and asset performance indicators (BTR, BOR) have emerged as decisive factors in
determining the PPl in the post-liberalization period.

Thirdly, in the post-liberalization period, India has witnessed a rise in her overseas
trade volumes, particularly between 1993-1994 and 1996-1997. A substantial part of
this overseas trade has passed through the ports, and this is directly reflected in the
port capacity utilization rate. During the period from 1991-1992 to 19992000,
Indian ports have been over-utilized. Port congestion is quite likely to prevail in
the coming years, if this rate of progression continues. Broadly speaking, when there
is high congestion at a port. performance is influenced by coordination among
different processes as well as the speed of clearance of vessels from the berth. In
the short run when capacity is over-utilized, coordination among various intra-port
outfits and speed of clearance of vessels are the only ways out for tackling con-
gestion. As a matter of fact, this has been reflected in the year 1999-2000 when
two of the operational performance indicators (PBWT and TRT), and one asset
performance indicator (BOR) became the first three important factors in terms of
weights in determining performance of an individual port.

Fourthly, unlike popular belief, financial performance indicators like PTOS and
RRI have emerged as factors of low importance in determining PPl in the post-
liberalization era. However, these two financial performance variables played key
roles in determining PPl in the pre-liberalization period.

Fifthly, table 3 presents the values of the performance index of 12 major
ports over the 15 year period. The coefficient of variation (CV) of PPI
substantially declined in 1999-2000 (0.24) even after rising from .52 in 1985-1986
to (.68 in 1990-1991. Thus, there has been a tendency toward equalization of
inter-port performance index after liberalization. In some sense, this may be
interpreted as reflecting a rise in competitiveness among Indian ports in the post-
reform period.

Sixthly, it is noted that those ports which are performing better are attached to
economically prosperous hinterland and vice versa. It is argued that, since overall
performance of states like Gujarat, Tamil Nadu, Andhra Pradesh, Goa and
Maharastra are much better than that of West Bengal, Orissa, Karnataka and
Kerala [20-253], performance of ports of the first group of states is ahead of those
in the second group. In order of ranking, these ports are Chennai (in Tamil Nadu),
Kandla (in Gujarat), Vizag (in Andra Pradesh), Mormugao (in Goa) and Mumbai
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Table 1. Weights of port performance indicators.

Eigen
Year TRT PBWT PITTWB OSBD BOR BTR PTOS RRT value’ EV’

19851986 —0.5339 0417 -0.604 0.876 0380 0636 0803 0893 3782 0533
19861987 —0.303 0381 —0.683 0930 0271 0638 0077  0.383 2425 0403
19871988 —0.781 =0.110 ~0.520 0873 —0260 06% 0408 0.682 2839 0453
19881989 0584 0906 0054 0142 0867 06351 0281 0.736 3.010 04%
19891990 —0.329 —{.3%6 0.603 0.701 0432 0763 0401 0629 2445 0406
19901991 —0.393 —-0.074 0.299 0.824  0.160 08Bl 0690 0.625 2397 0423
19911992 01071 0514 —0.507 0.763  0.671 0.766 —0.636 0.299 2663 0433
19921993 0128 0834 —0419 0806 0849 0762 —03511 0462 3312 0.504
19931994 0130 0780 —0.693 0673 0768 0376 —03514 0.731 3282 0510
19941995 0672 0767 0741 0065 O8Il 0208 0348 0870 3173 0497
19951996 0877 0833 —0899 0194 0729 0539 00108 0619 3539 0513
19961997 0728 04912 —0.686 0033 0822 0437 04538 0,154 29350 0439
19971998 0615 0794 0241 0654 0790 0680 —0.68% —0.050 3061 0493
19981999 0782 0.892 0.138 0.248 0891 0440 0320 0283 2831 0422
19992000  0.753 0939 144 0243 0865 05322 0197 0.266 3.081 0.500

“The hctor loading of the eight port perlformance indicators for three different vears is derived by the
formula eigen vector = (factor loading)/feigen value). Eigen value is the first value of the “variance
explained’ column in the unretated Factor loading {patlern).

* Explained variance as % of Lotal.

Table 2. Rank of weights of port performance indicators: PCA.
Year TRT PEWT PITTWE OS5BD BOR BTR PTOS RRT
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{in Maharastra). These five ports together contribute more than 65% of total Indian
port traffic in recent periods (see tahle 5).

To conclude, according to the PP in 1999-2000), the three best performing ports
are Chennai, Kandla and Vizag, and the worst three ports are New Mangalore,
Cochin and Jawarlal Nehru. To be more specific, values of these scores are much
more important than mere ranking. High variance in both PPl and indvidual factors,
among other things, represent the level of differential inter-port performance. Except
the first three ports, lower scores for the remaining ports represent their potential for
further rise. To understand the nature of data, it may be useful to review the inter-
port variations of each of the eight performance variables as they are given in the
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form of raw data over time. The values of mean, 8D and CV of the raw indicators of
port performance are given in appendix 3. Except OSBD, BTR, PTOS, and RRT,
the coefficients of variation (CV) for the rest of the variables have been rising over
the years. Among these four variables, only RRT has become more equitable across
the ports over time. That is, the value of CV of this variable has fallen from (.64 in
1985-1986 to 041 in 1991-1992 to 0.38 in 1999-2000. In contrast to this, PBWT
displays the highest disparity—more than doubling from (.33 in 19851986 to (.63 in
1999-2000. This being a reasonably good indicator of port congestion suggesis that
there has been high variance in congestion across the ports.

Therefore, from the forgoing analysis, it may not be out of merit to find a causal
relationship between performance and traffic. This may be helpful in formulating the
sequential priority of port policy and its overall direction.

3. Cointegration and causality between performance and traffic

To judge the nature and strength of the causal relationship between performance and
traffic, unit root tests, cointegration tests, and Granger causality tests are conducted
in a sequential manner.

The analysis proceeds sequentially in several steps. Since standard Granger caus-
ality tests presuppose that the data are stationary, investigating data stationarity
properties constiutes the first phase of the analysis. If the data are non-stationary,
they must be differenced enough to achieve stationarity. The specific form of the
Granger causality test also depends on whether the data are cointegrated. For ex-
ample, if the data series in a specific case are cointegrated, then an error correction
model is an appropriate model of short run dynamics [26]. In this case, the Granger
causality test must include an error correction term as an explanatory variable. This
error term restores relevant information that has been lost due to differencing the
data and represents the error from a model using non-differenced data. However, if
the data are non-stationary but not cointegrated, then Granger causality tesis only
require that the data be differenced sufficiently to achieve stationarity. Hence, to test
the direction of causal relationship between performance and traffic of Indian ports,
one shall first test the order of integration of the variables and then perform Granger
causality test.

3.1, Unit root tests

In order to test the order of integration of the variables, three simple relations that
may be used to represent many economic time series are the random walk, random
walk with a drift and trend-stationary processes. All these three models are nested in
the equation

AY,=p+8t+(p-1)¥_ +e (2)

which is used for the Dickey-Fuller unit root test. Under the null hypothesis of a unit
root, if p is close to unity, then the coefficient (p— 1) will not be significantly
different from zero. If there is no unit root, ¥ is said to be stationary in the levels,
or integrated of order zero (denoted by f{0)). If there is a unit root, but differencing
the series once makes it stationary, then it is said to be integrated of order one,
denoted by /(1). The critical +values, for the tsts, were calculated by Monte Carlo
simulation in Fuller [27], because the distribution is not standard. In addition to
testing for the unit root, equation (2) will establish if there is a deterministic trend
(7 0) and/or a drift {2 # 0). The error term, #,, represents white noise. If ¥, is a
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first order autoregressive process (AR( 1)), then the single lagged value of the depen-
dent variable will be sufficient to ensure this condtion. If the process is not AR(1),
then m additional difference terms will need to be added to (2) to make ¢, white
noise. Thus, the new equation becomes
L
AY,=p+5t+(p-1Y1+ > pAY j+e (3
=l
which is the equation of the Augmented Dickey-Fuller (ADF) test.

In the pertinent case, the ADF test is used to test the null hypothesis (f;: ¥, non-
stationary) of a unit root for each of the major ports except Jawarlal Nehru for the
15 year period from 1985-1986 to 19992000 on the considered data series, namely
port performance index and port traffic [28] This test involves a regression of the
variable in a series (here traffic and PPI) against their lagped values, lagged difference
terms and, as an option, a time trend. The test is carried out on traffic and PP
separately at level, and then at first difference, and so on. The null hypothesis of a
unit root is rejected if the parameter (p— 1) is negative and significantly different
from zero. Estimated test results are reported in table 6. Although this particular
case considers the parametric test, Phillips-Perron test results are given in appendix 4
for comparison [29]. Test resulis for all major ports in the case of performance
overwhelmingly reject the null hypothesis of a unit root. This clearly shows that
this data series are stationary at level /{0) with varied levels of significance.
However, opposite results are obtained in the case of port traffic. Here, test resulis
fail to reject the null hypothesis of a unit root except Mumbai and Vizag at the level,
and this indicates that traffic of major ports of India are non-stationary at level,
except Vizag and Mumbai. As a corollary, a regression of the first difference of this
particular data series was done and it was found that the null hypothesis of a unit
root is rejected for all the ports at first difference and, hence, there is no requirement
for further differencing of the data series.

To conclude, port performance data series are stationary at {0}, or integrated
of order zero with varied levels of significance, whereas port traffic series are
non-stationary at /{0) but stationary at first differences, or integrated of order
one, (1),

Based on this battery of stationarity tests, it would appear that cointegration
analysis is appropriate in all cases except Mumbai and Vizag.

3.2, Cointegration tesis
For ports with non-stationary data, the next stage of the testing procedure is sought
to detect whether there is a common stochastic trend for the data series involed [30].
The Johansen and Jesulius [31] method is applied to compute values for the trace
statistics. If these values are significant, a common stochastic trend among the vari-
ables exists and the series are cointegrated. This implies that the existence of a long-
run equilibrium relationship between the variables be tested. If the variables are
cointegrated, then an error correction term must be included as an explanatory
variable in any subsequent causality test. The error correction term will represent
an error term obtained from the estimated long run relationship between variables.
This cointegration tests for the two variables are shown in table 7. Test statistics
show the existence of a cointegrating vector across the two variables (PPl and traffic)
in 11 ports of India. The statistics in the first column test the null hypothesis that
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Table 6. Results of augmented Dickey-Fuller (ADF) test: Indian ports.

Ports ADE* MCv" LD ADF?
Port perfonmance
Kandla — 3.845% —3.3R2 1 — 4. 18E"*
Mumbai —d4.242%% —3.873 1
Mormugao — 4240 3873 1
New Mangalore — 5.593%"* =3.115 2
Cochin —4.137%* =3927 2
Tuticorin ~3.734% =341l 2 ~ 4. 5R9="
Chennai —4.566%* =3927 2
Vizag —3.949%= —3.873 1
Paradip —~4.481"" —~3.873 1
Calcutta —4.638%" =3927 2
Haldia —3.456% —=3.411 2 —3.9]2%"
Port traffic
Kandla —3.611 ~3.410 2 — 4. g==
Mumbai —~4.317%* =3.9495 3
Mormugao — 3463 =3382 1 —4.202%*
MNew Mangalore -3.762 =3.382 1 -4 176%*
Cochin —3.551 ~3.410 2 —~ 4. 343%%
Tuticorin = 3.570 —~3.446 3 —~ 4. 2RR"*
Chennai - 3.566 —3.446 3 ~ 4 187**
Vizag — 4. T748%" =3.9495 3
Paradip —3.501 —3.446 3 —4.002%*
Calcutta — 3494 —3.446 3 —4.]122%*
Haldia =3.872 —~3.446 3 —4.154%*
“ADF at level.

" MacKinnon eritical values (MY Tor rejection of hypothesis of o unit rool Value
refers Lo same order of significance level of corresponding ADF statistic,

“ Lageed differences (LD of independent variables.

“ AL first dilference.

Statistics with *, ** and *** indicate rejection of noll hypothesis at the 10%, 5%
and " confidence level, When the null hypothesis is rejected no dilferencing is
required Lo oblain stationary data. Equation considered both trend and intercept
Lerms at level.

there are no cointegrating vectors, N = (), against the alternative hypothesis that
there exists one cointegrating vector, 4 = 1. The second column tests one cointegrat-
ing vector, N = 1, against two cointegrating vectors, 4 =2, and so on. Each row
reports the trace statistic for each port. For comparison, critical values correspond-
ing to each column are presented at the head of table 7. Note that critical values have
been taken for the trace statistic (at the 5% and 1% levels) reported by Osterwald-
Lenum [32], not these tabulated in Johansen and Juselius [30]. When the test statistic
exceeds the table value, the null hypothesis is rejected. Column 1 of table 7 shows
that null hypothesis is rejected for seven and three ports at 5% and 1% significance
levels, respectively, thereby indicating the presence of one cointegrating vector across
the data series. However, test statistics of all the ports fail to reject the null hypoth-
esis in the second column. Hence, there is the presence of one cointegrating vector
among the variables.

The foregoing cointegration test clearly ascertains the need for inclusion of an
error correction term in the causality tests. This term represents an error obtained
from a model representing the relationship among the variables, and is considered a
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Table 7. Cointegration test: Indian ports.

NR =0 NR= =10
Ports AR =1 AR =2
Critica value (5% ) 1996 924
Critical vafue (1%} 2400 12.97
Kandla 2331 335
M umibai 24493 ide
Mormugao 16.52 1.69
New Mangalore 12.20 1.74
Cochin 2244 226
Tuticorin 16.57 3.E4
Chennai 20,00 508
Vizag 14.15 inl
Paradip 2473 A
Calcutta 2324 113
Haldia 3123 9.01

The statistics in the first column test the null hypothesis that
there are noe coinlegratng  veclors, n =10, against Lhe
allernative  hypothesis that there exists one coinlegrating
vector, 4 = |, The second column lests one coinlegraling
vector, n= |, agninsl lwo cointegrating vectors, 4 = 2, and
S0 00,

Critical values for the trace statistic {at 3% and % level)
reporied by Osterwald-Lenum [32], net those tabulated in
Johansen and Juselius [31].

When the lest statistic exceeds the ble value, the nuoll
hypothesis is rejected.

measure of the long-run relationship among levels of the variables. Coefficients of
this model also represent a cointegrating vector. In most cases, the number of coin-
tegrating vectors is greater than zero but less than the number of variables. This
indicates that subsequent causality test statistics should be viewed as the best avail-
able approximation to the true statistic [33].

3.3 Granger coausality fests

Cointegration says nothing about the direction of the causal relationship between the
variables, but if two variables are found to be cointegrated, it follows that there must
be Granger causality in at least one direction. The Granger [34] approach to the
question of whether X causes ¥ is to see how much of the current ¥ can be explained
by past values of ¥ and then to see whether adding lagged values of X' can improve
the explanation. Y is said to be Granger-caused by X if X helps in the prediction of
Y. or equivalently if the coefficients on the lagged X's are statistically significant.
MNote that two-way simultaneous causation is frequently the case; X Granger causes
Y and Y Granger causes X [35]. To test whether X causes Y, parameters of the
equation

L) i

Y=Y oY+ 8X i +e (4)

i=1 i=1

are estimated and the causality test determines if the 3/'s are jointly different from
ZEr0.
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This standard Granger causality test is performed for cases where the variables
are not cointegrated and also the corresponding data series are stationary. When the
two variables are cointegrated, an error correction term, representing the error term
from the non-differenced cointegrated relationship, would be included in the equa-
tions. The reported F-statistics are the Wald statistics for the joint hypothesis

B=--=8=0

for each equation. The null hypothesis is, therefore, that X does not Granger-cause
Y in the first regression and that ¥ does not Granger-cause X in the second
regression.

Hence, causality is tested by specifying two equations similar to equation (4) on
two variables, namely port performance and port traffic for all the 11 ports. Thus,
the equations may be rewritten as

i il
APPl, =Y oy APPl_;+ ) 3ATraffic,_; +u, (5)
i=l 1=l
i il
ATraffic, = Y &ATraffic,_; + Y @ APPI,_ +v, (6)
=1 1=l

4

For there to be unidirectional causality from traffic to PP/, the estimated coefficients
on lagged traffic in equation (5) should be significantly different from zero as a group
(%4 # 0) and the set of estimated coefficients on lagged PPI(3 ;) in the second
equation should not be significantly different from zero. Bilateral causality (or what
may be called simultaneity) is suggested when both 3 3 #0in (5) and ¥, #0in
(6) and independent when both sets of coffients are not significantly different from
ZEr0.

Results of the causality tests are given in table 8. The test was performed con-
sidering 1 and 2 year lags for all the ports involving both "without error correction
term’ and ‘with error correction term’. Although one test is applicable for each port,
performing both types of tests is useful for comparison. At the 3% confidence level,
the relatively larger poris like Kandla, Mumbai, Chennai, Vizag support the hypoth-
esis that performance causes traffic. Using a more liberal 10% confidence level,
Tuticorin is also consistent with the causality from performance to traffic hypothesis.
When an error correction term is included, causality between performance and traffic
in Cochin becomes significant at the 5% confidence level. Table 9 represents the
above resulis briefly. Evidence from this cointegration test indicates that these results
may be slightly biased. Even taking this bias into consideration, these results clearly
imply that efforts to adopt performance augmenting technologies or performance
improvement measurements will have some positive influence on port traffic.

While more ports provide evidence in favour of the performance causes traffic
hypothesis, only one port confirms the simultaneous relationship that is Haldia,
which is an estuarine port located in the eastern part of the country. This may be
due to the fact that the port of Haldia is served by a larger hinterland; it has rather a
mixed industrial feedback generated from the very industrial township of Haldia and
captive bulk cargo. Interestingly, no port confirms the reverse hypothesis, i.e. traffic
causes performance. Even inclusion of an error correction term fails to reverse the
general outcomes. No significant relationship has been found in the cases of New
Mangalore, Mormugao and Paradip. These are the ports which are especially
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equipped to handle bulk cargo, either bulk solid and bulk hquid, and focus less on
performance augmenting factors due to static captive demand/supply of this traffic in
overseas and/or local markets. Moreover, these ports serve largely local and well-
defined hinterlands and face little competition. Finally, the role of these ports in
Indian total port traffic has not been significant over the last two decades.

The resulis from this paper demonstrate that, even in the presence of cointegra-
tion among a set of variables, inclusion of an error correction term in the Granger
test has little empirically observable effect on the results. It may be concluded that, to
attain higher traffic, ports obviously should give highest priority to their perform-
ance by improving operational performance factors like PBWT, TRT, and asset
performance indicators like BOR and BTR. These four most important determi-
nants of port performance appeared in the post-liberalization period from principal
component analysis and are related to the degree of port congestion. Hence, for
atiracting higher traffic, policy towards performance augmenting facilities shall be
ziven priority, so that higher efficiency induces higher traffic.

4. Conclusions

The major finding of this paper is that in no port does traffic cause performance
and most of the ports provide evidence towards the fact that performance causes
traffic in India. Hence, it should not be surprising that performance does lead to
increased traffic in a liberal economic regime. This paper uses some individual port
performance indicators, which are largely internal to each of the pors, for finding
causal relationship with port throughput. If a port performs better by improving its
operational and asset performance, then it is likely to get higher traffic.

Policies to increase efficiency have been pursued in the port sector in many coun-
tries by changing the structure and institutional framework of this industry. The
changes have been introduced across the globe by such measures as privatization and
deregulation so that the role of governments has been reduced significantly. The
countries in which the policy changes have been greatest are those in which national
policies exerted a strong influence on port performance. The more competitive envir-
onment has implications for national port policies and for port management. The
India government has taken some discrete initiatives in the recent period for expand-
ing their port capacity. However, no comprehensive policy has yet been announced
for augmenting port performance [36]. The improvement of operational performance
of Indian ports has been a priority policy objective for many years but, notwith-
standing the vast technical assistance provided by international organizations and
various countries, the results have often been disappointing. According to a study of
the Government of India [37], approx. US34.5-55 hillion is required to invest by
2005-2006 to provide an adequate port facility in this country. Realizing the urgent
need for inter-port and intra-port competition to attain a higher performance level,
the Union Government has invited the private sector to finance new port facilities
[38]. However, success to date has been very limited. This has led to the realization
that substantial improvement will remain out of reach until a fundamental restruc-
turing and changes in management culture are implemented, and will, therefore, take
a considerable time to achieve. Hence, there is an urgent need for a comprehensive
policy which will strongly influence on port performance and will be consistent with
the globalization programme.

Questions may also be raised as to the usefulness of a port performance index
derived from PCA. Notwithstanding the specific roles played by various individual
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Table 9.  Direction of causal relationship.

Ports Causal relationship
Kandla Performance = Traffic
Ml um bai Performance = Traffic
Mormugao -

MNew Mangalore .

Cochin Performance = Traffic”
Tuticorin Performance = Traffic”
Chennai Performance = Traffic
Vizag Performance = Traffic
Paradip 4

Calcutta Performance = Traffic
Haldia Performance = Traffic”

“ Weak relation.
* Simultanecus relation.
* Mo causal relation.

port performance indicators, it cannot be denied that some judicious combinations
of these factors lead to perfect coordination for maximizing over all port efficiency.
Asthere is no other rationale method for doing so; one cannot but use the indexation
method described in this paper. Above all, such a weighting mechanism will help the
policy-makers to strengthen the weaker factors for improving the overall perform-
ance index.

The limitations of this study are briefed below. First, one has not considered here
the spatial concentration of manufacturing activities in and around the ports, differ-
ential geographical attributes, logistics networks, and differential nation-wide infra-
structure stocks associated with each region which may have wery substantial
bearings on port traffic. The findings of this paper may be further substantiated
incorporating these exogenous factors. Secondly, implication of this study might
have been stronger if some external factors which have direct bearings on port traffic
and performance, like depth of the navigational channel, nature of shipping routes
and vessel sizes, level of technologically advanced equipment, etc. were considered.
Thirdly, given the aggregate nature of the performance index, there is some potential
for obtaining biased results. Fourthly, the Granger causality test considers long time
period properties. For this reason, conclusions obtained in this paper are subject to
revision if conducted by tests based on a larger period.

Future work can attempt to measure causal relationship between cargo-specific
performance and traffic for each port and then perform the procedures described in
this paper. The reason for this is that most of the Indian ports are designed to handle
specific categories of cargo which have declined over time, while other types of traffic
have gained importance. However, the port’s berth configurations have not vet
adjusted to the new categories of cargo. In this backdrop, such an analysis can
lead to distinct results for each cargo basket in each port
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Appendix 1

India is endowed with an extensive coastline of about 6000 km along nine coastal
states. These states are Gujarat, Maharsatra, Karnataka, Goa, Kerala (west coast)
and Tamil Nadu, Andhra Pradesh, Orissa, West Bengal (east coast). These nine
states have in total 12 major and 180 minor ports. Ports in India are classified as
‘Major Ports” and "Other (minor) Ports”. Major ports come under the jurisdiction of
the Central government and Other (minor) ports are under the control of the State
governments. Among these 12 major ports, six are located in the west coast (Kandla,
Mumbai, Jawarlal Nehru, Mormugao, Cochin, New Mangalore) and six in the east
coast (Chennai, Tuticorin, Paradip, Vizag, Calcutta, Haldia). Four of the major
ports (Caleutta, Mumbai, Chennai, and Mormugao) are more than 100 years old.
Cochin and Vizag poris have recently celebrated their golden jubilee. The ports of
Kandla, Tuticorin, MNew Mangalore and Paradip came into existence
after independence. Jawarlal Nehru port became operational only after 1989.
Ennore (in Tamil Nadu) is the first corporate port of India, having come into
existence in 2000,

Out of 180 minor ports including 13 non-working ports, 120 ports belong to the
west coast, comprising 67% of total Indian minor ports, 25 ports belong to east coast
and the rest (35) belong to Union territories. Due to the lack of overseas cargo, some
maritime states like Andhra Pradesh and Kerala closed down a few minor ports,
which are called non-working ports. Maharastra has the highest number of ports—
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two major and 53 minor. Next to it s Gujarat, where one major and 40 minor ports
are situated.

Appendix 2

(1
2)
(3
)
(%)
(&)
()]

(8)

Ship turn-round time is the duration of the vessel's stay in port and is calcu-
lated from the time of arrival to the time of departure.

Pre-berthing waiting time is the time a ship has to wait before getting entry
into a berth.

Percentage of idle time at berth to time at working berth is the ratio of total idle
time to total working time while a ship is in the port.

Ot pud per ship berth day means total tonnage handled, or distributed over the
total number of ship berth days.

Berth throughput means total cargo handled by a berth in a port.

Berth occupany rate is the time that a berth is occupied by ships.

Operating surplus per ton of cargo handled derives from total operating surplus
divided by total tonnage of cargo handled by the port

Raie of return on furnover derives from operating surplus divided by operating
income of a port.
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Appendix 4. Resulis of unit root: Phillips-Perron (PP) test.

Ports PP MCv! LD*

Port performarce
Kandla — 5.365""* ~ 4 BR7 1
Mumbai - 49750 ~ 4 BR7 2
Mormugao - 3.402¢ - 3.359 2
Mew Mangalore — 3424 —1.359 2
Cochin ~ 3386 - 3.359 2
Tuticorin - 3.412% - 3.339 2
Chennai -4 BI1R*® - 3.829 2
Vizag ~ 4 565" - 3.829 2
Paradip = 3.573* —3.359 2
Calcutta — 3.368" —-3.359 2
Haldia —~4.766%" —~3.829 2

Port traffic
Kandla —=3.622 —~3.359 2
Mumbai - 3.362" - 3.339 2
Mormugao - 3.811* —1.3539 2
MNew Mangalore - 3.662 - 3.359 2
Cochin ~ 3438 - 3.359 2
Tuticorin —3.621 - 3.359 2
Chennai - 3414 - 3.339 2
Vizag - 3.3R5" —3.359 2
Paradip — 5.5407%* ~ 4 BR7 2
Calcutta - 3.369 —3.359 2
Haldia - 3.693% - 3.359 2

MOV = MacKinnen critical values for rejection of hypothesis of a
unit reol. Value refers o same order of significance level of
corresponding PP statistic,

L= Lagped  differences of  independent  varisbles. Here lag
truncation for Bartlett kernel mken at 2 vear period For most of
Lhe pairs except Kandla.

Statistics with *, #** and *** indicate rejection of null hyvpothesis at
the 0%, 3% and 1% conhdence level, When the null hypothesis is
rejected no differencing 15 requirad Lo oblain stbonary  data.
Equation considerad both trend and intercept terms at level, Data
were Laken al logarithms Form.
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