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Contribution of Mangroves to Marine
Fisheries in India

Lavanya Ravikanth Anneboina and K. S. Kavi Kumar

Abstract

Mangroves support and enhance fisheries by serving as a breeding
ground and nursery habitat for marine life. The mangrove-fishery link has
been well established in the ecological literature. This paper, however,
employs an economic analysis to examine the role of mangroves in
increasing marine fish output in India. In particular, the effectiveness of
mangroves in increasing marine fish production is analysed using
secondary data on marine fish production and fishing inputs. The results
based on econometric analysis indicate that mangroves contribute
significantly to the enhancement of fish production in the coastal states
of India. Further, the paper also analyses the contribution of mangroves
to commercial marine fisheries output in India and the same is estimated
to be in the range of 23 — 34 percent, which in economic terms is valued
between Rs. 1.46 — 2.15 lakhs per hectare in 2012-13 prices. The relative
contribution of mangroves to total fish catch estimated in the Indian
context is comparable to that estimated in other countries.

Keywords: Marine fishery;, Mangrove cover; Value of mangroves;
Ecosystem services
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INTRODUCTION

Marine fish production in India was 3,443 thousand tonnes in 2013-14,
which accounted for 36 percent of total fish production in the country.
West-coast regions produce a significantly higher proportion of total
marine fish compared to their east-coast counterparts (i.e. 64 percent in
2012-13) and Gujarat and Kerala are the leading marine fish producers in
the country, producing more than 500 thousand tonnes each in 2013-14
(DADF, 2014). Although inland fish production accounts for a higher
proportion of total fish production in India, it is the preference for marine
versus inland fish that determines consumption; inland fish is preferred in
the eastern and central states whereas marine fish is preferred in the
southern and western states of the country. Moreover, marine fish
comprises of several commercially important fish species such as
cuttlefish, squid, lobster, shrimp and certain types of finfish, which also
make up the bulk of marine fish exports. Marine fish exports accounted
for roughly 29 percent of total marine fish production in 2013-14 (DADF,
2014). Furthermore, a majority of commercially important marine fish
species are mangrove-dependent.

Table 1 gives examples of commercially relevant fish species that
are commonly found in mangroves in the coastal regions of India. These
include crustaceans such as prawns and crabs, molluscs, and demersal
finfish such as snappers, catfishes, pomfrets and croakers among others
(Singh et al., 2012). It is important to note that it is the demersal,
crustacean and mollusc fish species that are predominantly mangrove-
dependent while pelagic fish species are less dependent on mangroves®.
The table also provides information on fish catch within the mangrove-
dependent demersal, crustacean and mollusc categories across coastal
regions. It is interesting to note that mangrove-dependent fish catch as a

! Pelagic fishes including certain species of clupeids (hilsa shad), anchovies (setipinna), carangids
and mullets have been documented to be found in the Indian mangrove waters (Singh et al., 2012),
however they comprise of a small number of total pelagic fish species landed in India (CMFRI,
2015), the majority of which are not mangrove-dependent.
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percentage of total marine fish catch (that includes all four fish
categories) is significant in most of the coastal regions that also have
significant mangrove cover. Since only the fringe area of mangrove
forests typically serves as a breeding ground and nursery habitat for
marine life, it is difficult to infer a correlation between overall mangrove
area and the percentage of mangrove-dependent fish catch in each of
the mangrove regions.

Mangrove forests in India are largely located in the deltas of the
rivers Ganges, Mahanadi, Godavari, Krishna and Cauvery as well as on
the Andaman and Nicobar group of islands. The extent of mangrove
cover in India is 4,740 square kilometres, which accounts for 0.14
percent of the country’s total geographical area. As detailed in Table 1,
West Bengal, Gujarat, Andaman and Nicobar Islands and Andhra Pradesh
have the highest mangrove cover among all coastal regions accounting
for 44, 23, 13 and 8 percent of the country’s total mangrove cover,
respectively. Kerala, Karnataka, Daman and Diu and Pondicherry have
the lowest extent of mangrove cover, i.e. less than 10 square kilometres
each. Over the period 1987 to 2015, mangrove cover increased
significantly in Gujarat (by 680 square kilometres) while it increased
moderately in all other coastal regions except for Andhra Pradesh and
Andaman and Nicobar Islands, in which mangrove cover declined over
time (FSI, 2015).



Table 1: Details of Mangrove Area, Mangrove-Dependent Marine
Fish Catch and Fish Species in the Coastal Regions of India

Coastal Mangrove Mangrove-Dependent  Mangrove- Examples of Fish
Regions of  Areain Marine Fish Catch in Dependent Species Found in
India 2015 (in 2014 (in '000 tonnes)’ Fish Catch as Mangroves*
Sq. Km.f Demer- Crusta- Moll- % of Total
sals ceans wuscs Marine Fish
Catch in 2014°

Andhra 367 71 35 3 32 Catfishes, snappers,

Pradesh tilapia, snails, crabs,
prawns and molluscs.

Odisha 231 41 20 2 45 -

Tamil 47 179 44 22 37 Penaeid prawn species,

Nadu catfishes, pomfrets,
barramundi, mangrove red
snapper, catfishes and
perches.

West 2,106 26 16 0 56 Several penaeid and non-

Bengal penaeid prawn and shrimp
species.

Pondicherry 2 26 4 2 50 Mangrove red snapper,
silverbellies, pomfrets,
croakers, catfishes, rays,
penaeid prawns,
brachyuran crabs, bivalves
and gastropods.

Goa 26 7 8 1 11 Sharks and several
molluscs, crabs and
prawns notably one armed
fiddler crabs and horse
shoe crabs.

Gujarat 1,107 206 156 57 59 -

Karnataka 3 102 29 27 33 -

Kerala 9 84 51 49 32 Rays.

Maharashtra 222 89 95 13 57 -

Daman & 3 21 2 3 56 -

Diu

Andaman & 617 - - - - -

Nicobar Is.

Note: Demersals include sharks, skates, rays, eels, catfishes, cods, snappers, breams,

perches, goatfishes, threadfins, croakers, silverbellies, big-jawed jumper, pomfrets,
halibut, flounders and soles; Crustaceans include penaeid and non-penaeid prawns,
lobsters, crabs and stomatopods; Molluscs include mussels, oysters, clams, other
bivalves, gastropods, squids, cuttlefish and octopus. Total marine fish catch includes

demersals, crustaceans, molluscs and pelagic fish species.
could not be accessed from sources within the public domain.

A

indicates information

Source: ° FSI (2015); ® CMFRI data - http://www.cmfri.org.in/fish-catch-estimates.html;
¢Singh et al. (2012).
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The essential ecological support function that mangroves provide
for commercial, recreational and subsistence fisheries, by serving as a
breeding ground and nursery habitat for marine life, is well documented
in the literature (Hutchison et al., 2014). Studies from across the world
indicate that the relative contribution of mangrove-related fish species to
total fisheries’ catch is significant in most cases. The more recent studies
(excluding the small-Island studies) estimate mangroves’ contribution to
fisheries in the range of 10 — 32 percent (Aburto-Oropeza et al., 2008;
Ronnback, 1999). There are, however, hardly any studies that estimate
the contribution of mangroves to fisheries in India. One exception is the
study by Untawale (1986) that directly associates about 60 percent of
commercially important coastal fish species to mangrove environments in
India.

The aim of this paper is to examine whether, and to what extent,
mangroves influence the production of commercially important marine
fisheries in India using an econometric framework. In particular, the
effectiveness of mangroves in increasing marine fish production is
analysed through a stochastic frontier production function model, and is
presented in the next section of the paper. The third and final section of
the paper discusses the contribution of mangroves to marine fisheries
output in India. Estimates of the percentage contribution of mangroves
to fish output from around the world are compared to the estimate for
India, which is assessed through the direct estimation of the marginal
effect of mangroves on fish output. The section also provides
conclusions.



EFFECTIVENESS OF MANGROVES IN INCREASING FISH
PRODUCTION

Like any production activity, fish output is likely to be influenced by key
inputs such as the capital expenditure incurred in undertaking fishing
activity, the ‘labour’ employed in fish production, which in this case would
include the number and type of fishing vessels engaged in fish
production, as well as other inputs directly affecting output. However,
other than the inputs that directly affect fish output, there are likely to be
other factors that indirectly affect fish production through their impact on
the effectiveness with which fish is produced, like mangrove area. It is
well established in the literature that mangroves serve as a nursery
habitat and a breeding ground for several species of fish, thus
mangroves have the capacity for enhancing the productivity of fisheries.
While not directly influencing fish production, mangroves can affect the
Technical Efficiency? of fish production by providing an enabling
environment for the growth of fish stocks, which in turn can influence the
quantity of fish produced. In other words, an increase in fish production
can come from an increase in production efficiency that may be positively
influenced by the presence of mangroves. Therefore, it is important to
assess whether mangroves act as enabling factor in improving the
technical efficiency of production units that are engaged in fish
production.

Methodology

Measures of efficiency are usually computed by comparing observed
performance with some standard specified notion of performance. The
‘production frontier’ serves as one such standard in the case of technical

2 Technical Efficiency is the standard terminology used in the economics literature to describe the
effectiveness with which a given set of inputs are used by a production unit to produce an output.
Compared to the maximum amount of output that can potentially be achieved with given inputs
and technology, most production units may end-up producing a lower level of output, which is
reflected by their technical inefficiency. Enabling factors, such as mangroves (as discussed here),
are hypothesized to contribute towards enhancing the technical efficiency of production thereby
enabling production units to move closer towards achieving their potential level of output.
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efficiency. The frontier production function may be defined as the
maximum feasible or potential output that can be produced by a
production unit such as a coastal state, at a particular point in time, given
a certain level of inputs and technology. Technical efficiency may be
defined as the effectiveness with which a given set of inputs is used to
produce an output. A production unit is said to be technically efficient if it
produces the maximum possible output with a specified endowment of
inputs (represented by a frontier production function), given the
prevailing technology and environmental conditions. A key aspect of
stochastic frontier analysis is that in reality each production unit produces
potentially less than it might due to a degree of inefficiency in the
production process. If the production unit is inefficient, its actual output
is less than its potential output. Thus, the ratio of the actual output and
the potential output gives a measure of the technical efficiency of the
production unit. More formally, suppose a coastal state has a production
plan (y, x), where the first argument is an output and the second
represents a set of inputs. Given a production function f(.), the state is
technically efficient if y = f(x), and technically inefficient if y < f(x).
Therefore, technical efficiency can be measured by the ratio 0 < y/f(x) <
1 (see Shanmugam and Venkataramani (2006), who also use an
administrative division, i.e. a district, as the unit of analysis in their
production frontier model).

A stochastic frontier production function model is used to predict
technical efficiency of fish production. The main feature of this model is
that observed deviations in y from the production function f(x), i.e. the
theoretical ideal frontier of efficient production, could arise from two
sources: i) productive inefficiency as mentioned above, and ii)
idiosyncratic effects that are specific to the production unit or coastal
state (Aigner et al., 1977). In econometric parlance what this means is
that the disturbance term is assumed to have two components; one
having a strictly nonnegative distribution (i.e. the inefficiency term) and
the other having a symmetric distribution (i.e. the idiosyncratic error

6



term), hence the name ‘stochastic frontier’ (Greene, 2012). Moreover,
since panel data are used to estimate the model, two specifications of the
inefficiency term are possible; one in which the inefficiency term does not
vary with time and the other in which it does. The time-varying model
specification includes a decay parameter that indicates how inefficiency
changes over time: when the decay parameter is equal to 0 the time-
varying model reduces to the time-invariant model; when it is greater
than 0 the degree of inefficiency decreases over time; and, when it is less
than 0 the degree of inefficiency increases over time (Battese and Coellj,
1992). The time-varying model specification is used in this exercise since
it correctly fits the data. For a more formal description of the model see
Appendix A.

Once the stochastic frontier production function model is
estimated and the technical efficiency of fish production is predicted, the
predicted technical efficiency is then regressed on mangrove area (and
other control variables) to judge if mangrove area influences the
technical efficiency of fish production. The empirical strategy is detailed
in the next section.

Data and Empirical Strategy

Annual state-level data, compiled from various secondary sources,
covering the period 1985 — 2011 is used in the analysis. Total marine fish
production (in tonnes) includes pelagic, demersal, crustacean and
mollusc fish species, and measures the aggregate total output variable
(Qu) in the study. Data on marine fish production comes from the Central
Marine Fisheries Research Institute®. Since data on marine fish output is
available for the major Indian coastal states and one coastal union
territory (Pondicherry), only these coastal regions are considered for the
analysis. The input variables (x;) used in the analysis to explain fish
output include: i) the plan outlay on fisheries development under state

% See http://www.cmfri.org.in/annual-data.html
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sector schemes (in Rupees), data for which is sourced from the Planning
Commission’s Annual Plan documents*, and ii) the total number of marine
fishing vessels including mechanised boats, motorised crafts and
traditional (non-motorised) crafts (in number), data for which is sourced
from three census of marine fishermen, craft and gear conducted in
1980, 2005, 2010 (CMFRI, 1981; DADF and CMFRI, 2005, 2010). Using
information for these three time-periods, data was interpolated for the
remaining years over the period 1985 — 2011. Table 2 presents the
average values of the variables entering the production function.

Table 2: Mean Values of Marine Fish Production, Fisheries Outlay
and Marine Fishing Vessels (over the period 1985 — 2011)

Coastal Region Marine Fish Fisheries Plan  Marine Fishing

Production Outlay (Rs. Vessels (No.)
(Tonnes) Lakhs)

Kerala 5,59,072 3,230 27,396
Karnataka 2,12,325 2,420 12,664
Goa 74,242 502 2,752
Maharashtra 3,40,430 2,100 16,901
Gujarat 4,77,678 1,740 17,997
West Bengal 1,30,889 3,570 12,569
Odisha 95,134 1,170 16,432
Andhra Pradesh 1,77,566 767 38,107
Tamil Nadu 3,80,806 3,300 50,377
Pondicherry 13,882 882 3,219

Over the period 1985 to 2011, Kerala had the highest average
marine fish production, followed by Gujarat and Tamil Nadu. Mean plan
outlay on fisheries was the highest in West Bengal, followed by Kerala
and Tamil Nadu over the same period. Note that the plan outlay on
fisheries includes funds allocated for the development of both marine and
inland fisheries. The mean total number of marine fishing vessels was the
highest in Tamil Nadu, followed by Andhra Pradesh and Kerala over the
period 1985 to 2011.

4 See http:/planningcommission.gov.in/plans/annualplan/index.php?state=aplsbody.htm
8
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The empirical strategy followed in this analysis consists of two
stages. In the first stage, the stochastic frontier production function is
estimated, and the technical efficiency values for fish production are
derived using the model estimates. The type of functional form employed
for the production function is the Cobb-Douglas function since it provides
the best fit for the model. Therefore, the stochastic frontier production
function is given by

In(Qi) = Bo + B1In(X1it) + B2 IN(Xair) + Vi - Uit (1)

where, Bis are the parameters to be estimated and x; and x, refer to the
two inputs namely fisheries outlay and fishing vessels, respectively. Q is
marine fish output, and /and ¢ refer to the coastal state and the year in
question, respectively, as defined above. The maximum likelihood
estimation technique is used to estimate (1). The values of technical
efficiency are obtained from the model estimates of (1).

In the second stage of the analysis, the influence of mangroves
on technical efficiency is ascertained. In order to do this, the technical
efficiency values are regressed on mangrove area and other control
variables (state dummy variables). Since the estimated technical
efficiency values are bound between 0 and 1, they are normalised before
the regression analysis is undertaken. The specification of the second-
stage panel (fixed effects) regression model is thus

In[TE/(1 — TEx)] = Qo + a3 MS; + Zi-i" B SD; + € (2)

where, TE is technical efficiency, MS is mangrove stretch, which is
defined as the square root of mangrove area® and SD represents the
state dummy variables that control for unobserved state fixed effects.

® Following Aburto-Oropeza et al. (2008), the square root of mangrove area rather than mangrove
area itself is used in the regression model since the nursing ground role of mangroves is better
captured by the former. Further, it also provides a better model fit than the latter. Having said that,
the results are also robust when mangrove area is used as the explanatory variable (see the results
section for further discussion on this).
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The a;s and Bis are the parameters to be estimated and e is the error
term.

In order to estimate (2), data on the area under mangrove cover
(in square kilometres) is used, and this information is sourced from the
India State of Forest Reports, published by the Forest Survey of India
(FSI, 1987 — 2011). Note that the forest surveys were conducted every
once in two years starting from the year 1987, and thus data on
mangrove area is only available for 12 years within the time period 1985
— 20115, Therefore, years for which mangrove data are not available are
eliminated and thus, (2) is estimated with a smaller sample size
compared to (1).

Figure 1 (below) presents the area under mangrove cover over
the period 1987 to 2011 for the east-coast states. West Bengal has the
highest mangrove cover among all coastal states (both east and west),
and mangrove cover has increased in the state by about 4 percent over
the period 1987 to 2011. Among the east-coast states, Andhra Pradesh
has the second highest area under mangrove cover however mangrove
cover in this state has declined by roughly 29 percent between 1987 and
2011. In fact, Andhra Pradesh is the only state that records a decline in
mangrove cover over time among all coastal regions in the country.
Odisha and Tamil Nadu have the third and fourth highest mangrove
cover among the east-coast states and the same has increased by
approximately 12 and 70 percent respectively, over the period 1987 to
2011. Pondicherry hardly has any mangrove cover at all (about 1 sq. km.
in 2011).

® There should actually be 13 data points between 1987 and 2011, however the forest survey was not
conducted in the year 2007 and so data is missing for this year.
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Figure 1: Area under Mangrove Cover from 1987 to 2011 for
East-Coast States (in Sq. Km.)
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Source: FSI (1987-2011).

Among the west-coast states (see Figure 2), Kerala and
Karnataka had less than 10 sq. km. of mangrove cover, and Goa had
about 22 sq. km. of mangrove cover in 2011. Gujarat has the highest
area under mangrove cover, and it has witnessed a significant increase in
mangrove cover over the period 1987 to 2011 by about 148 percent. The
sharp increase in mangrove cover was witnessed in Gujarat post-1993.
Maharashtra has the second highest mangrove cover among the west-
coast states, and the same has increased by about 33 percent during
1987 to 2011. Comparing mangrove cover across the east- and west-
coast states, it is evident that the east-coast has a higher total mangrove
cover compared to its western counterpart.

11



Figure 2: Area under Mangrove Cover from 1987 to 2011 for
West-Coast States (in Sq. Km.)
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Results

Estimates of the Stochastic Frontier Production Function

The estimates of the stochastic frontier production function (time-
varying) model are presented in Table 3. The estimated parameters of
the two input variables are positive, as expected, and may be interpreted
as output elasticities. Note that the parameter estimate for marine fishing
vessels is highly significant at the 1 percent level, however the parameter
estimate for fisheries plan outlay is significant only at the 10 percent
level.

Since the estimated decay parameter n is greater than 0 and the
coefficient is highly significant at the 1 percent level, this implies that the
time-varying model is the correct model specification and that the degree
of inefficiency in production decreases over time. The estimated values of
the variance of the inefficiency term o,° and the variance of the error
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term 0,2 are 0.758 and 0.122 respectively. These values indicate that the
differences between the observed (actual) and frontier (potential) output
are due to inefficiency and not chance alone. The estimate of y (the ratio
of the variance of state-specific technical efficiency to the total variance
of output) is 0.86, indicating that 86 percent of the difference between
the observed and frontier output is primarily due to factors which are

under the control of states.

Table 3: Estimates of the Stochastic Frontier Production
Function (Time-Varying) Model

Variables Parameter Estimates
Constant 5.523***
(5.50)
In (Fisheries Plan Outlay) 0.043*
(1.66)
In (Marine Fishing Vessels) 0.697***
(7.29)
7] 0.372
(0.39)
n 0.014%**
(5.58)
In (6.2 + 0, -0.128
(-0.14)
exp (v) / (1 + exp (Y)) 1.824*
(1.70)
0 + 0.’ 0.880
Y 0.861
o’ 0.758
o’ 0.122
Log-Likelihood -122.075
Number of Iterations 7
Number of Observations 270
Wald ¥*(2) Value 62.20

Notes: Dependent variable is In (Marine Fish Production); p is the estimated mean value of
the inefficiency term; y = 0.7/ (0.2 + 6.2); ¥**, ** * imply level of significance at
1 percent, 5 percent and 10 percent respectively; figures in parentheses are

asymptotic t values (or z values).
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Estimates of Technical Efficiency

The mean value of technical efficiency for the sample is estimated to be
about 45 percent, which implies that states on average could increase
their marine fish output by 55 percent without any additional resources
but through more efficient use of existing inputs and technology.

Figure 3 plots the estimated values of technical efficiency for
each coastal region over the time period 1985 to 2011. In general,
technical efficiency is higher among the west-coast states compared to
that of the east-coast states. Technical efficiency increases over time
across all coastal states (in line with the observation made above that the
degree of inefficiency decreases over time). Among the west-coast states
(top panels), Gujarat has the highest level of technical efficiency (close to
100 percent), followed by Kerala and Maharashtra, and Karnataka has
the lowest (which is almost at the same level as Goa, i.e. around 50
percent). Among the east-coast states (bottom panels), Tamil Nadu has
the highest level of technical efficiency (with a mean of roughly 40
percent over time), West Bengal, Andhra Pradesh and Odisha all have
similar levels of technical efficiency (about 20 percent), and Pondicherry
has the lowest level.

14



Figure 3: Estimated Values of Technical Efficiency across Coastal
Regions and over Time
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Estimates of the Influence of Mangroves on Technical Efficiency
The regression estimates for model (2) are presented in Table 4. The
coefficient on mangrove stretch is positive and significant at the 1
percent level’. This implies that mangroves do in fact improve the
efficiency of fish production after controlling for state fixed effects. The
coefficients of the state fixed effects variables are all positive and
significant at the 1 percent level, except for the West Bengal, Odisha and
Andhra Pradesh fixed effect coefficients which are insignificant. The
significant state fixed effect coefficients tell us the extent to which

" Note that the results are robust even when mangrove area is used as the explanatory variable. The
estimated coefficient is 0.000383, which is significant at the 5 percent level.
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technical efficiency is higher in the state in question compared to the
reference coastal region (Pondicherry). This implies that barring Tamil
Nadu, the technical efficiency in fish production in the other east-coast
regions is not significantly different to that of Pondicherry, which is

corroborated by Figure 3.

Table 4: Estimates of the Influence of Mangroves on Technical

Efficiency

Variables Parameter Estimates
Constant -2.211%%*
(-43.23)
Mangrove Stretch 0.031*%*x*
(3.48)
Kerala fixed effect 3.412%%*
(47.17)
Karnataka fixed effect 2.240***
(30.89)
Goa fixed effect 2.317%*x
(30.98)
Maharashtra fixed effect 2.819***
(22.43)
Gujarat fixed effect 3.793%**
(15.31)
West Bengal fixed effect -0.453
(-1.11)
Odisha fixed effect 0.129
(0.90)
Andhra Pradesh fixed effect 0.278
(1.52)
Tamil Nadu fixed effect 1.434*%**
(16.79)
Adjusted R? 0.984
Number of Observations 120

Notes: Dependent variable is the natural log of normalised technical efficiency, i.e.
In[TEw/(1-TEy)]; ***, **, * imply level of significance at 1 percent, 5 percent and
10 percent respectively; figures in parentheses are absolute t values.
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DISCUSSION AND CONCLUSIONS

The aim of this paper was to examine whether mangroves influence the
production of commercially important marine fisheries in India. In
particular, the paper analysed whether mangroves affect the technical
efficiency of fish production using a two-stage econometric approach. In
the first stage, a stochastic frontier production function approach was
used to estimate technical efficiency, and in the second stage, the
influence of mangroves on technical efficiency was ascertained via fixed
effects regression analysis. The results of the analysis indicate that
mangroves do have a positive impact on fish production, which is
evidenced through their influence on the technical efficiency of fish
production. Thus, mangroves are important for the efficiency
improvement of fish production in India.

Given that mangroves influence marine fish production, a distinct
but related question that warrants analysis and discussion is the extent to
which mangroves increase marine fish production in India or in other
words, the contribution of mangroves to marine fish production in India.
One way in which this may be analysed is by examining changes in fish
production over time in two regions that are seemingly similar in every
way excepting that one region has implemented a mangrove
rejuvenation programme while the other has not. By doing so one can
estimate the extent to which fish production has increased as a result of
the change in mangrove area over time in the region that has undertaken
the said intervention, after controlling for all other factors affecting fish
production in that region. This is essentially what the difference-in-
difference (DID) estimation technique does, and it has been used in
several exercises concerned with program/project evaluation (See for
example, Card and Krueger, 1994 and Meyer, 1995). The DID approach
separates out the effect of the programme on the region with the
intervention and treats the trend in the region without the intervention as
the counterfactual. On the basis of FSI data, Sahu et al. (2015) note that
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during the period 1987 to 2013, Gujarat recorded the maximum net
increase (676 km?) and the maximum mean annual increment (28.16 +
50.58 km?) in mangrove area in the country. Figure 2 shows a significant
improvement in mangrove cover in Gujarat post-1993. This is a result of
the mangrove plantation/ regeneration activities that were planned and
initiated in 1993 by the state government of Gujarat and carried out ever
since, which have proved to be remarkably successful over time (FSI,
2011)%. Figures 1 and 2 reveal that no other coastal region records a
significant change in mangrove cover over time. Thus, the changes in
fish production due to the changes in mangrove cover may be estimated,
using the DID methodology, by taking the case of Gujarat in comparison
to other coastal regions of India. There is some emerging analysis in this
context under the TEEB-India initiative. The results of the DID estimation
may be then used to derive the marginal effect of mangroves on fish
production, i.e. the contribution of a hectare of mangrove area to marine
fish output.

Alternatively, the marginal effect of mangroves on fish
production can also be estimated by using a panel fixed effects model, in
which total marine fish production is directly regressed on mangrove
stretch (i.e. the square root of mangrove area, as defined earlier) and
other control variables such as fishery plan outlay (in Rupees), number of
fishing vessels, time trend (for the period 1987 to 2011), a control
variable for Gujarat mangroves® (owing to their significant increase over
time) and the state-specific fixed effects (with Pondicherry as the
reference category). The results are presented in Table 5.

The mangrove stretch coefficient in the OLS regression
estimation is positive and highly significant at the 1 percent level,
implying that a 1 square kilometre increase in mangrove area leads to a

8 See also http://www.gsbb.in/pdf/mangrove-conservation.pdf and
https://forests.gujarat.gov.in/mangrove-conserv.htm
® This is the Guijarat fixed effects variable combined with Gujarat mangrove area.
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275.88 tonne increase in total marine fish production per annum®. The
annual per hectare contribution of mangroves to total marine fish
production is therefore 2.76 tonnes. The mangrove stretch coefficient is
significant despite controlling for the effect of the Gujarat mangroves on
total marine fish production, the coefficient for which is also positive and
significant at the 5 percent level. Fishery outlay, despite being highly
significant, seems to have a negligible positive impact on fish catch. The
time trend coefficient is also highly significant indicating the yearly
increase in fish catch over time.

Table 5: Estimates of the Marginal Effect of Mangroves on Fish

Output
Key Variables Parameter Estimates

Fisheries Plan Outlay 0.000085***
(4.56)

Marine Fishing Vessels -1.72
(-1.10)

Mangrove Stretch 10593.68***
(3.71)

Time Trend 2023.09%**
(2.76)

Gujarat Mangroves Control 238.45**
(2.45)

Adjusted R? 0.895
Number of Observations 250

Notes: Dependent variable is total marine fish production; mangrove area has been
interpolated for years within the time period 1987 to 2011 for which mangrove
area data are not available; mean mangrove area for the entire sample is 368.63
km?; *¥*x ** * imply level of significance at 1 percent, 5 percent and 10 percent
respectively; figures in parentheses are absolute t values.

A similar regression model was estimated with the dependent
variable being the total mangrove-dependent marine fish production,

1% Note that the result is robust even when mangrove area (rather than mangrove stretch) is used as
the explanatory variable, and in that case the estimated coefficient is 279.16, which is also
significant at the 1 percent level. However, mangrove stretch provides an overall better fit to the
model.
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which includes demersal, crustacean and mollusc fish catch and excludes
pelagic fish catch. The mangrove stretch coefficient in this model was
also found to be positive and highly significant at the 1 percent level®!.
The estimated annual per hectare contribution of mangroves to total
mangrove-dependent fish production is 1.84 tonnes.

Following Salem and Mercer (2012) and Brander et al. (2006),
and assuming that the marginal value of the productivity of mangroves is
equal to its average value (i.e. that mangrove contributions exhibit
constant returns to scale), the marginal values of mangroves’
contribution to marine fish production derived in the above regressions
(i.e. 2.76 and 1.84 tonnes per hectare per year for total and mangrove-
dependent fish catch, respectively) may be used to calculate the
percentage contribution of mangroves to marine fish production in
India'?, as follows:

As of 2011, the total mangrove area in India was 4,66,256
hectares (FSI, 2011). Therefore, the fish contribution of total mangroves
in India in 2011 may be calculated by multiplying the annual per hectare
fish contribution values estimated for India by the total mangrove area
for India in 2011. This gives the total fish contribution from mangroves in
India as 12,86,867 tonnes, and the mangrove-dependent fish
contribution from mangroves in India as 8,57,911 tonnes in 2011. Total
marine fish production in India was 37,76,116 tonnes in 2011 (CMFRI
estimates). Hence, the proportion of fish catch that may be attributed to
mangroves in India in 2011 is 34 percent, when total fish production is
used to estimate the marginal effect, and 23 percent, when mangrove-
dependent fish production is used to estimate the marginal effect. These
values are summarised in Table 6.

1 In addition, fish outlay and fishing vessels are both positive and significant at the 5 percent level.

2 It is important to note, however, that “Costanza et al. (1989) assert that average productivity is
more appropriate for the evaluation of large areas, while marginal values should be used in
assessing small area values” (cited in Salem and Mercer, 2012; pp. 367).
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Table 6: Contribution of Mangroves to Marine Fish Production in
India in 2011

Marine Fish Annual Per Total Contribution Total Marine Percentage
Production Hectare Mangrove of Fish  Contribution
Contribution  Areain Mangroves Production of Mangroves
of Mangroves India in to Marine in India in to Total|
to Marine Fish 2011 (ha) Fish 2011 (t) Marine Fish
Production in Production Production in
India in India in India in 2011
(t/ha/yr) 2011 (t) (%)
Total Fish 2.76  4,66,256 12,86,867 37,76,116 34
Catch
Mangrove- 1.84 4,66,256 8,57,911 37,76,116 23
Dependent
Fish Catch

Note: Total fish catch includes landings of pelagic, demersal, crustacean and mollusc fish
species, whereas mangrove-dependent fish catch includes landings of demersal,
crustacean and mollusc fish species only.

The contribution of mangroves to total marine fish production in
India, as per the estimates in this study, may be taken to be in the range
of 23 — 34 percent. In reality, the contribution of mangroves to fisheries
is likely to be somewhat lower than these values. This is because, the
marginal effects estimates, from which the percentage contribution of
mangroves to fisheries is estimated, are likely to be higher than the
average effects. Therefore, the estimates of the contribution of
mangroves to fisheries should be taken as indicative only as it is not easy
to eliminate the role of confounding factors.

A global overview of estimates of mangroves’ contribution to
fisheries is presented in Table 7. Studies from across the world indicate
that the relative contribution of mangrove-related species to total
fisheries catch is significant in most cases. Looking at the more recent
studies (and excluding the small-Island studies), the estimates of
mangroves’ contribution to fisheries are in the range of 10 — 32 percent.
The present study estimates the contribution of mangroves to marine
fisheries in India in the range of 23 — 34 percent, which is within, but
leaning towards the higher end of the range of the country-wide
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estimates. The most recent and the most empirically rigorous study
among those listed in Table 7 is the one undertaken by Aburto-Oropeza
et al. (2008) in the Gulf of California, Mexico. This study combined fish
landing data and satellite imagery of mangroves into scaling models to
explore how the relationship between mangrove area and fisheries
changes as the size of the mangrove habitat increases. The study found
that (fringe) mangrove-related fish and crab species accounted for 32
percent of the small-scale fisheries landings in the region. This estimate
is within the higher end of the range of values of the contribution of
mangroves to marine fisheries in India that were estimated in the present
study.

Table 7: Mangroves’ Contribution to Fisheries at Different

Locations
S. Study Year Country Mangrove
No. Contribution
to Fishery (%)

1. Aburto-Oropeza et al. 2008 Mexico 32°

2. Naylor and Drew 1998  Micronesia 90°

3. Singh et al. 1994  ASEAN 30°

4, Bennett and Reynolds 1993  Malaysia 10 - 20°

5. Lal 1990  Fiji 56°

6. Hamilton and Snedaker 1984  Australia 67°

7. Macintosh 1982 Malacca Strait 49¢

Notes: ? Mangrove fringe contribution to small-scale fishery; ° Contribution of subsistence
fisheries to total catch supported by mangroves; © Contribution of mangrove-
related species to total fisheries/commercial catch; ¢ Contribution of mangrove-
related species to demersal fish catch.

Source: Modified from Ronnback (1999). For references of studies in the table (except
Aburto-Oropeza et al., 2008) see source document.

A recent report on the economic valuation of coastal and marine
ecosystem services in India (Kavi Kumar et al., 2016) estimated, using
the direct market valuation approach, the total value of marine fisheries
as a provisioning service as approximately Rs. 295 billion (in 2012-13
prices). Applying to this value, the percentage contribution of mangroves
to marine fisheries estimated in this paper (i.e. 23 — 34 percent) gives
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the rupee value of mangroves’ contribution to marine fisheries in the
range of Rs. 68 — 100 billion in India in 2012-13. On a per hectare basis,
the economic value of mangroves’ contribution to marine fisheries in
India translates into Rs. 1.46 — 2.15 lakhs per hectare in 2012-13 prices.

In addition to their contribution to marine fisheries'®, mangroves
also provide raw materials such as wood, and a host of other ecosystem
services including ‘regulating services’ such as coastal protection, carbon
sequestration, erosion control and water purification, and ‘cultural
services’ such as tourism, recreation, education and research (Barbier et
al., 2011; Braat and de Groot, 2012). While economic values are not
available for all services provided by mangroves in India, Kavi Kumar et
al. (2016) estimate the values of two regulating services provided by
mangroves in India, namely coastal protection and carbon sequestration.
The benefit transfer approach is used to value the coastal protection
service of mangroves in India and the same is estimated in the range of
Rs. 560 — 754 billion in 2012-13 prices. The direct market valuation
approach is used to value the carbon sequestration service of mangroves
in India and the same is estimated in the range of Rs. 0.76 — 1.65 billion
in 2012-13 prices. Although the average coastal protection value of
mangroves is almost eight times higher than the mean value of
mangroves’ contribution to marine fisheries, the latter is still significant
and implies that mangrove ecosystems play an important role in
enhancing the production and value of marine fisheries in India. The
mangrove-fishery linkage acquires further significance on account of the
fact that fisheries are an important source of livelihood for a large
number of people in India.

¥ Note that in the classification of ecosystem services (de Groot et al., 2012), the provision of a
breeding ground and nursery habitat by a particular ecosystem is classified as a ‘habitat service’.
However, by providing a nursery service for fish, mangroves contribute to the enhancement of
marine fisheries, or to the provision of food (fish), which is classified as a ‘provisioning service’.
In this paper, the economic value of the habitat service of mangroves is estimated in terms of the
economic value of mangroves’ contribution to marine fisheries and as such may be viewed as an
estimate for either the provision of food or the provision of habitat.
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APPENDIX A: THE STOCHASTIC FRONTIER PRODUCTION
FUNCTION MODEL FOR PANEL DATA

The frontier production function may be defined as the maximum feasible
or potential output that can be produced by a production unit such as a
coastal state, at a particular point in time, given a certain level of inputs
and technology. More formally (see Aigner et al., 1977; Meeusen and van
den Broeck, 1977; Kumbhakar and Lovell, 2000), suppose the producer
has a production function f(Xy, B), in a world without error or
inefficiency, in time ¢ the #th production unit (coastal state) would
produce

Qi = f(Xy, B) (A.1)

where, Qi represents the potential output, X; is a vector of inputs, and B
is a vector of parameters that describe the transformation process.

A key aspect of stochastic frontier analysis is that in reality each
production unit produces potentially less than it might due to a degree of
inefficiency in the production process. Specifically, the actual production
function (corresponding to the production unit’s actual output) can be
written as

Qi = f(Xi, B) &t (A.2)

where, &; is the level of efficiency for production unit 7 at time £ & must
be in the interval [0; 1]. If § = 1, the production unit is achieving the
optimal output, however, when §&; < 1, the production unit is inefficient,
i.e. its actual output is less than its potential output. Thus, the ratio of
the actual output Q;: and the potential output f(X;;, B) gives a measure of
the technical efficiency of the production unit. Using equation (A.2)
above, we may define this measure as
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Technical Efficiency = Qi / (X, B) = &t (A.3)

Since the output is assumed to be strictly positive (i.e. Qi > 0),
the degree of technical efficiency is assumed to be strictly positive (i.e. &;
> 0). Output is also assumed to be subject to random shocks, implying
that

Qi = f(Xit, B) & exp(vi) (A.4)

where, vy is the idiosyncratic error variable, which captures the effect of
the other omitted variables that may influence output.

Taking the natural logs on both sides of equation (A.4), assuming
there are k inputs, that the production function is linear in logs, and
defining ui; = - In(&) yields

In(Q) = Bo + Zj=1k B; In(Xjit) + Vir - Uyt (A.5)

Since uy is subtracted from In(Qy), restricting u = 0 implies that
0 < & < 1, as specified above. The new function described in equation
(A.5) is known as the stochastic production frontier model for panel data.
The key feature of this model is that the disturbance term is assumed to
have two components. One component is assumed to have a strictly
nonnegative distribution, and the other component is assumed to have a
symmetric distribution. In the econometrics literature, the nonnegative
component is often referred to as the inefficiency term (uy), and the
component with the symmetric distribution as the idiosyncratic error (v;).
Two specifications of the u; term (in equation (A.5)) are possible; one in
which u; is a time-invariant random variable and the other in which it is a
time-varying random variable. In the time-invariant model, uy = u;, u; is
an independently and identically distributed truncated-normal (truncated
at zero) with mean p and variance 6,% Vi is an independently and
identically distributed normal with mean 0 and variance 6,%, and u; and v;
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are distributed independently of each other and the covariates in the
model.
However, in the time-varying decay specification (Battese and Coelli,
1992),

uir = exp{-n(t — T}y, (A.6)

where, T; is the last period in the th panel, n is the decay parameter, u; is
an independently and identically distributed truncated-normal (truncated
at zero) with mean p and variance 0,% Vi is an independently and
identically distributed normal with mean 0 and variance 6,%, and u; and v;
are distributed independently of each other and the covariates in the
model. Note that when n > 0, the degree of inefficiency decreases over
time; when n < 0, the degree of inefficiency increases over time. Since t
= T, in the last period, the last period for the production unit / contains
the base level of inefficiency for that production unit. If n > 0, the level
of inefficiency decays toward the base level. If n < 0, the level of
inefficiency increases to the base level.

Whether the model specification is time-invariant or time-varying,
the stochastic production frontier model’s (as described in equation (A.5))
coefficients are estimated by maximising its log likelihood function. The
time-specific technical efficiency is obtained from the conditional mean of
exp (-uy), given the distribution of the composite error term, €.
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