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Abstract

The paper assesses the total factor productivity (TFP) growth in the Indian
fisheries sector, examines the impact of fisheries sector on different
stakeholders and estimates the rate of return to public investment on

fisheries research and development. Time series-cum-cross-section data
by state for inland and marine fish productions pertaining to fisheries
resources, production, input use, prices and investment on fish research
and development have been compiled from various published sources.
Divisia-Tornqvist index has been used for computing TFP for the inland
and marine fisheries. The TFP annual growth has been estimated to be
4.0 per cent for the aquaculture sector and 2.0 per cent for the marine
sector. Multi-market fish sector model developed at the WorldFish Center
(Malaysia) has been used for India. For a given time horizon (2005-2015),
projections for price, supply, demand, and export have been obtained under
different fish technological growth scenarios. The contribution of
technological change to the development of fisheries sector has been
substantial on producers as well as consumers. Further technological
advancements would make the availability of fish to the consumers at
cheaper rates and improve their nutritional security. The producers' income
will also be enhanced. The internal rate of return to investment on fish
research and development has been projected to be in the range of 42 to
55 per cent under different TFP scenarios.
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Introduction

The production, consumption and export of fish have grown
significantly in India. The production of fish in India crossed 6 million
tonnes in 2001-02 from 0.75 million tonnes in 1950-51. Technology and
policy changes have contributed to the growth of fish production and the
fisheries sector has emerged as one of the fastest growing sectors in the
Indian economy with an annual growth rate of more than 5 per cent since
1980. Similarly, fish and fish products have emerged as the largest group in
agricultural exports of India. This sector is also a principal source of
livelihood for a large section of the economically underprivileged population
of the country, especially in the coastal areas. It is worthwhile to mention
here that the head count ratio of the fishermen below the poverty line was
32 per cent in 1999 which is higher than the national average of 26 per
cent. The fishermen are also highly deficit in calories and protein intakes
(NSSO unit level data).

The fish production in India comes from both the marine and inland
sources. The fish production during the 1950s was primarily contributed by
the marine sector and it remained the major contributor till the early 1990s.
The share of inland fish production exceeded half of the total fish production
in India in the year 2001-02. The emerging production technologies like
improved fish breeding, scientific aquaculture practices, higher economic
growth and policy reforms with more emphasis on aquaculture development

are driving rapid growth in the fisheries sector in India. However, in spite of
its importance and dynamism, the fisheries sector in India has not received
as much attention of the social scientists as the crops sector. Studies on the

fisheries sector have not adequately addressed the sources of production
growth and returns to investment on research and development in the fish
sector. Unlike crops and livestock sectors (Evenson and Jha, 1973; Kumar

and Mruthyunjaya, 1992; Kumar and Rosegrant, 1994; Desai and
Namboodiri, 1998; Kumar and Pandey 1999: Elurnalai and Pandey 2004;
Kumar et al., 2004), there is no empirical evidence on the total factor
productivity growth (TFPG) of the fisheries sector. India has undertaken
large public investments for development of the fisheries sector and its
share in total outlay for the agriculture and allied sector has been constantly .
increasing (Kumar et al., 2003). The concern is whether incremental

investment in this sector is generating high returns and contributing to the
livelihood of a large section of the economically underprivileged fishermen,
fish consumers and traders. To address these issues, this paper has assessed

the total factor productivity (TFP) growth in the Indian fisheries sector
(separately for marine fisheries and aquaculture), examined impact of the

fisheries sector on different stakeholders and estimated the rate of return to
public investment on fisheries research and development.
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The Data

The time series data on species-wise fish production and their prices at

the state level were compiled from various sources, such as Handbook on

Fisheries Statistics published by Ministry of Agriculture, Government of

India and some specific publications being brought out by the states. Some

unpublished data have also been used. The data on input prices (wage,

fertilizer, feed, fuel) were obtained from the Agricultural Prices in India,

Reports of the Commission for Agricultural Costs and Prices and Economic

Survey published by the Government of India and Fertilizer Statistics

Published by the Fertilizer Association of India. The data on fishery water

resources were collected from the Central Water Commission. The Livestock

Census provided the data on fishermen population and fishery resources.

The data on the value of exports and imports offish products were compiled

from different volumes of Foreign Trade Statistics published by the Ministry

Of Commerce, Government of India. The data about expenditure on research

and development of the fisheries sector were obtained from the capital

accounts of the Government of India. The expenditure has been projected

beyond 2002 assuming an annual growth rate of 6.8 per cent.

The data on inland fish production, inputs and their prices were compiled

for the period 1991-92 to 1998-99 covering 27 states/ union territories of

India. The data on inputs, viz, land, labour, feed (rice bran, oil cake, etc.),

fertilizer (cow dung, poultry manure, chemical fertilizers), seed, and specific

Costs (diesel, medicine, etc.) were compiled from various studies3 . The

data on marine fish production and its value by species were compiled for

the years 1986-87 to 1998-99, covering 12 maritime states. The data on

labour and fuel were obtained from various published sources. The quantity

of diesel used has been worked out by taking into account various types of

crafts, number of fishing days, hours of work/day with the norms that 200

millilitres (rnL) of diesel are used per HP. The total HP utilization was

worked out in consultations with experts.

Methodology

Total Factor Productivity

The increased use of inputs, to a certain extent, allows the fisheries

sector to move along the production surface. The use of modern inputs

3 The time series cross-section data at the state level on specific inputs were not avail-

able. The input-output coefficients for aquaculture fish were reviewed from various

studies. The time series and cross-section information on the use of various inputs

were generated and used in the analysis. The data for the missing years were interpo-

lated. For the missing states, the information from the neighbouring states was used.
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may also induce an upward shift in the production function to the extent
that a technological change is embodied in them. TFP measures the amount
of increase in the total fish output, which is not accounted for by the increase
in total inputs. Divisia-Tornqvist index was used for computing the TFP
for inland and marine sectors. The output, input, and TFP indices were
computed as follows:

Total Output Index (TOT)

TOWTOIt_i = fl(Qjt/Qjt_0(Rit+Rjt_01/2 = At

Total Input Index (TII)

TIT at- =H pcita0(sit+ Sit_01/2 = B ...(2)t

where,

Ri t = Share of jth fish species group in total revenue in the year t

Qit= Fish production ofjth fish group

Sit = Share of ith fish input in total input cost in the year t and

Xit = Quantity of ith fish input

Total output and input index in period t was computed from Equations (1)
and (2) as follows:

TOT (t) = A1 A2 At -(3)
Til (t) = B1 B2 Bt ... (4)

Total Factor Productivity index (TFP)

TFP t = (TOlt / ) • • • (5)
Equations (3) to (5) provide the index of total output, total input, and TFP,
respectively for the year 't'. The estimations of input, output, and TFP
growth rates for any specified period were done by fitting an exponential
(or semi-log) trend equation to the input, output, and TFP indices,
respectively.

For construction of input index for aquaculture, seed, feed, fertilizer,
fuel and labour use were considered. In the case of marine fisheries, only
labour and fuel use were considered.

IndiaFish Model

The AsiaFish Model (Dey et al., 2003) which consists of producer,
consumer, and trade cores was employed for the disaggregated analysis of
the fish sector. The time series data on fish production and farm survey
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data on fish farming at the regional level was used to estimate producer
core following the dual approach (Quadratic profit function). The multi-

stage budgeting framework with Almost Ideal Demand System (MPS)

model was used for fish demand analysis based on the consumer survey

data (Deaton and Muellbauer, 1980; Dey, 2000). Armington approach was

used for the trade core (Armington, 1969). The model was closed with a
set of equilibrium conditions between supply, demand and trade. The model

was run under different scenarios of the total factor productivity. Projections

of supply, domestic demand, and export by species group were obtained.

There are a large number of species of inland and marine fish. These
were grouped into Indian major carps (IN4C), other freshwater fish (OFWF),

shrimps (marine and fresh water), pelagic high-value (PHV), pelagic low-

value (PLV), demersal high-value (DHV), demersal low-value (DLV), and

molluscs and others (molluscs).

Estimation of Benefits

Consumer and producer surplus and total economic surplus were

calculated as a function of base prices and quantities, demand and supply

elasticities, and the vertical shift in the supply curve as a result of the

technological development, measured as a unit cost reduction (Alston et

al., 1995). Elasticities of fish demand and supplies were taken from Kumar

(2004)4 . Parallel shifts were assumed in this case. The equations follow:

ACS =P0Q0Z (1+0.5a)

APS =130Q0 (K—Z)(1+0.5a)

ATS =130Q0K(1+0.5a)

where,

Po = Initial price of fish
Q0 = Initial fish production
K = Vertical downward shift in supply function
= Supply elasticity

e = Demand elasticity

Z = Ke/(1+e)

ACS, APS and ATS represent changes in consumer, producer and total

economic surpluses, respectively. The total economic surplus was estimated

4 The multi-stage budgeting framework with AIDS model was used for estimating the

fish demand elasticities by species for various fish types. The quadratic profit func-

tion was used to estimate the supply elasticities by species of fish (for more details,

see Dey et al., 2003 and Kumar, 2004).
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by species and types of fish. The benefits were aggregated across types of
fish and their species under various scenarios. The estimated benefits and
expenditure on research and development are given in Appendix I. Using
the benefit and cost series, the net present value (NPV), benefit-cost ratio
(BCR) at 10% rate of interest and internal rate of return (IRR) were
computed.

Results and Discussion

Multi-market fish sector model developed at WorldFish Center by Dey
et al. (2003) was used. Given a time horizon (2005-2015), projections for
price, supply, demand and export were obtained under different fish
technological scenarios. In the analysis, the following demand and supply
elasticities were used:

Demand Elasticity

The income elasticities vary substantially across fish species and
income groups. Fish demand is sensitive to the price changes. The
compensated own price elasticity was estimated for various species. It was
—0.97 for molluscs, followed by PLV (-0.95), DHV (-0.92), shrimp
(-0.88), OFWF (-0.97), PHV (-0.86), DLV (-0.86) and least for IMC
(-0.52).

Supply Elasticity

Aquaculture fish supply elasticities were estimated to be 1.56 for IMC,
1.72 for OFWF and 0.73 for shrimp with respect to own-fish price. In the
case of marine fish, the own-fish price elasticities were found to be highly
inelastic for all the fish species and ranged from 0.28 to 0.50. The elasticities
of fish supply with respect to input prices were negative and inelastic.

TFP Growth in Aquaculture

The fish input, output and TFP indices for aquaculture revealed that
the input index moved 20 points during 1992-98 with an annual growth
rate of 2.14 per cent. The output index of fish jumped 45 points with an
annual growth rate of 6.14 per cent. The TFP index grew by 4.4 per cent
annually (Table 1). It accounted for about 50 per cent of the growth in
aquaculture. These results indicated that technical change was the driving
force imparting dynamism to the aquaculture sector and the growth in
aquaculture was mainly technology-driven.
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Table 1. Input, output and TFP indices of aquaculture fish production, India

Year Input index Output index TFP index

1992 100.0 100.0 100.0

1993 110.1 109.8 99.8

1994 113.6 116.5 102.6

1995 116.1 123.2 106.1

1996 116.8 134.4 115.1

1997 121.4 137.8 113.5

1998 120.9 145.3 120.2

Average annual growth (%) 2.14 6.14 4.40

Table 2. Input, output and TFP indices of marine fish production, India

Year Input index Output index TFP index

1987 100.0 100.0 100.0

1988 100.3 133.9 133.4

1989 103.4 155.9 150.9

1990 105.1 154.8 147.3

1991 106.8 162.5 152.2

1992 108.5 176.9 163.0

1993 112.3 167.6 149.3

1994 115.0 180.1 156.6

1995 117.8 169.0 143.5

1996 120.7 177.4 147.0

1997 121.9 200.0 164.0

1998 125.0 183.1 146.6

Average annual growth (%) 2.14 4.15 2.01

TFP Growth in Marine Sector

Input index for the marine sector moved 25 points during 1987-1998
with an annual growth rate of 2.1 per cent (Table 2). The fish output index

increased at an annual growth rate of 4.1 per cent. The TFP growth moved
47 points with 2.0 per cent annual growth. It accounted for half of the
output growth in the marine fisheries and the other half being contributed
by the higher use of inputs. It appears that in recent years the output growth
in the marine sector has been stagnating but in the past, technological

development had played an important role in the growth of the marine sector.

Socio-economic Impact

The socio-economic impact of fish production technology on consumers
and producers of fish was examined by comparing various scenarios with
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Table 3. Projected production of fish by species and TFP contribution, India

Year Production (million kg) TFP contribution
Scenario 1 Scenario 2 Scenario 3 Quantity Per cent

(million kg)

2005 6666.3 6501.2 5388.5 1277.8 19.2
• 2010 7754.4 7197.6 5372.7 2381.7 30.7
2015 9036.1 7813.8 5357.1 3679 40.7

Scenario 1: Baseline TFP growth
Scenario 2 : Fifty per cent deceleration in TFP growth by 2015
Scenario 3 : Without TFP growth

and without TFP growth. The impact of fish technologies on production,
fish consumers, fish producers, and fishermen and returns to investment
are presented in the subsequent sections.

Production

As evident from Table 3, the annual production of fish by the year
2005 will be in the range of 6.5-6.7 million tonnes, and will reach about
7.8-9.0 million tonnes by 2015 under different scenarios of technological
growth. A comparison of scenarios 1 and 3 provides the effect of TFP
growth on fish production. The production of fish would decline
substantially with the deceleration in fish technological growth. The
contribution of TFP to fish production has been projected at 1.3 million
tonnes by 2005,2.4 million tonnes by 2010 and 3.7 million tonnes by 2015.
In percentage terms, its contribution in total production would be 19 per
cent by 2005 and 41 per cent by 2015. The results suggested that
technological development would continue to play an important role to
sustainable fish production in future.

Fish Consumer

The consumers are likely to be benefited due to the lowering of prices,
which have been projected to decline by '17-20 per cent by 2005, and 28-36
per cent by 2015 in comparison to the prices they would have paid if there
had been no growth in TFP (Table 4).

Technology-driven decline in consumer prices will induce growth in
the fish consumption, which would increase in the range of 17 to 22 per
cent by 2005 and 31 to 66 per cent by 2015, compared to the 'no TFP
growth' scenario. With the technological progress, per capita annual fish
consumption of fish-eating households would increase from 2.4 to 2.7 kg
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Table 4. Impact of fish technology on consumer, India

Year Price Per capita additional Per capita income gain

(%) fish consumption (Rs/year)
(kg/year)

Si S2 Si . S2 Si S2

2005 -20 -17 2.7 2.4 99 86
2010 -36 -28 4.7 3.6 181 138
2015 -54 -37 6.6 4.4 274 183 

Scenario 1: With the existing growth in TFP
Scenario 2: Fifty per cent deceleration in the existing TFP growth

by 2005 and from 4.4 to 6.6 kg by 2015. As a result of technological progress

in fish production, the annual income gain for fish consumers (as a result

of price effect) is expected to be in the range of Rs 86 to Rs 99 per person
in 2005, and Rs 184 to Rs 274 per person in 2015. At the national level,

these gains are huge. The consumer gains projected under the baseline

scenario will be Rs 40 billion in 2005, and Rs 127 billion in 2015 (Table 5).

The consumers will derive maximum benefit from the Indian major carps

(IMC), followed by other freshwater fish (OFWF) and shrimp. Inland fish

will contribute more than 70 per cent to the total gains. Contribution of

Shrimp is projected to be 13 to 14 per cent.

Fish Producer

Technological progress will add 17 to 19 per cent to the total fish output

in 2005, and 31 to 40 per cent in 2015 (Table 6). Nevertheless, producer

prices of the exportable fish are likely to remain stable, and fish exports

will increase by 17 to 20 per cent by 2005 and 33 to 42 per cent by 2015.

Addition to output due to technological change would dampen the producer

Prices in the domestic market to the tune of 17 to 20 per cent by 2005 and

37 to 54 per cent by 2015 (Table 7). Technology-driven reduction in producer

Table 5. Impact of fish technology on social gains, India
(in billion Rs)

Year Consumer gains Producer gains Total social gains 

Si S2 Si S2 Si S2

2005 39.8
2010 78.1
2015 127.1

34.6
59.8
84.9

20.5
61.3
152.3

17.9
47.1
102.2

60.3
139.4
279.4

Scenario 1: With the existing growth in TFP
Scenario 2: Fifty per cent deceleration in the existing TFP growth

52.5
107.0
187.3
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Table 6. Impact of fish technology on additional fish availability in domestic

and export markets of India
(in per cent)

Year Domestic market Export market 
Si S2 Si S2

2000 5.8 5.7 6.1 6.0
2005 19.0 17.0 20.0 17.9
2010 30.5 25.2 32.0 26.5
2015 40.4 31.2 42.4 32.9 .

Scenario 1: With the existing growth in TFP
Scenario 2: Fifty per cent deceleration in the existing TFP growth

Table 7. Impact of fish technology on producer fish price in domestic and

export markets of India
(in per cent)

Year Domestic market Export market _
51 S2 51 S2

2000 -5.4 -5.3 -0.7 -0.7
2005 -19.9 -17.4 -2.0 -2.2

2010 -36.1 -27.9 -3.6 -2.8
2015 -54.1 -36.7 -4.9 -3.5 

Scenario 1: With the existing growth in TFP
Scenario 2: Fifty per cent deceleration in the existing TFP growth

prices in the domestic market would adversely affect the farm profitability.
At the aggregate level, the producer will incur losses in the range of Rs
0.17 to 0.19 billion in 2005 and Rs 0.39 to 0.53 billion in 2015. However,
the producers would gain from fish exports to the tune of Rs 18 to 21

billion in 2005 and Rs 103 to 152 billion in 2015. Thus, taking domestic

and export markets together, the fish producer would be benefited

substantially with the adoption of fish technologies (Table 8).

Under the baseline scenario, in 2015 the gains offish producers will be

Rs 152 billion; of consumers will be Rs 127 billion, and the total social
gains will be Rs 279 billion. The producers' share in total gain will increase
to 54 per cent in 2015 from 25 per cent in 2000. Initially, the consumers

will benefit more than the producers. However, with the adoption of modern

technology and sound support of export market, the share of producers in
total social gains will be higher than that of consumers. At the national
level, technological progress in the fish sector will enhance per capita

national income by Rs 56 in 2005, and by Rs 223 in 2015.

2,1

2

2

2
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Table 8. Impact of fish technology on producer income, India
(Rs in billion)

Year Domestic market Export market Total income

Si S2 Si S2 Si S2

2005 -0.19 -0.17 20.7 18.1 20.5 17.9

2010 -0.35 -0.28 61.7 47.4 61.3 47.1

2015 -0.53 -0.39 152.9 102.8 152.3 102.4

Scenario 1: With the existing growth in TFP

Scenario 2: Fifty per cent deceleration in the existing TFP growth

Fishermen

As is evident from Table 9, with the adoption of modern fish

technologies, the annual income to the fisherman (at 1998 prices) will

increase in the range of Rs 283 to Rs 325 per person by 2005. It will increase
to Rs 996-1480 per person by the year 2015. The annual income of the per

fish worker will rise in the range of Rs 727-835 in 2005 and Rs 2615-3889

in the year 2015. Thus, the income offish worker will increase substantially

with the adoption of modern fish technology.

Returns to Investment

The net present value (NPV), benefit-cost ratio and internal rate of

return of investment on research and development are given in Table 10.

These have been estimated under different technological growth scenarios.

The results showed that investments made in the fisheries sector had a

Positive effect on the economy and social status. The internal rate of return

from investments on fish research and development would be in the range

Table 9. Impact of fish technology on annual income, India
(Rs)

Year Scenario Per fish Per fishermen Per fisheries Per capita at

consumer worker national level

2005 Si 99 325 835 56

S2 86 283 727 48

2005 Si 181 760 1975 119

S2 138 585 1519 92

2015 Si 274 1480 3889 223

S2 183 996 2615 150

Scenario 1: With the existing growth in TFP

Scenario 3: Fifty per cent deceleration in the existing TFP growth



142 Agricultural Economics Research Review Vol. 17 (Conference No.) 2004

Table 10. Returns to investment from fish technology in India

Baseline scenario Deceleration in TFP by 2015 _

(Existing TFP growth) 25% 50% 75%

IRR (%) 55 52 48 42
NPV (billion Rs)* 176 149 119 82
Benefit-cost ratio* 3.4 3.0 2.6 2.1 

IRR: Internal rate of returns, NPV: Net present value
*10% rate of interest was used to compute NPV and benefit-cost ratio.

of 42 to 55 per cent under different TFP growth scenarios. Thus, the
investments in research and development would be multiplied at the rate of
55-57 per cent. This is a very high value from all angles. The benefit-cost
ratio would vary between 2.1 and 3.4. The net present value (NPV) has
been estimated to be in the range of Rs 82-176 billion under various TFP
growth scenarios (Table 10). It is high enough to suggest that the investments
made in the fisheries sector will be economically viable and productive
and hence will contribute positively in the future. The gains will be shared
at about 60 per cent by upper income group and 40 per cent by the poor.
Among the poor, 12 per cent will go to the people below the poverty line.

Conclusions

Growth in fish production is largely technology-driven. The analysis
has shown that development of the fisheries sector will have a considerable
impact on the social welfare in the country and both producers as well as
consumers would be beneficiaries. The technological developments in
fisheries will make fish available at cheaper rates to the consumers and
thus would improve their nutritional security while the producers would
get more income. The investments made in this sector have paid rich
dividends, and the development of export market would be crucial to realize
the gains from the technological progress.
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Expenditure on R&D and estimated benefits
from the fisheries in India: 1999-2015

Appendix I

(in million Rs)

Year Expenditure Benefits
on R&D Existing Deceleration in TFP growth

TFP growth 25% 50% 75%

1999 5850.7 1521.0 1521.0 1521.0 1521.0
2000 6617.6 3391.9 3360.7 3318.3 3248.4
2001 6733.2 5674.7 5570.7 5429.3 5203.1
2002 7197.5 8441.1 8207.1 7895.1 7404.9
2003 7693.9 11774.5 11336.2 10761.8 9879.8
2004 8224.5 15771.4 15032.3 14080.0 12653.0
2005 8791.7 20543.7 19380.4 17905.4 15753.6
2006 9398.0 26220.8 24476.7 22303.7 19213.5
2007 10046.2 32952.5 30432.3 27345.6 23069.2
2008 10739.0 40911.7 37369.2 33109.4 27359.9
2009 11479.6 50298.6 45430.1 39683.1 32128.7
2010 12271.3 61343.9 54774.4 47164.5 37424.2
2011 13117.6 74314.0 65582.4 55662.2 43300.6
2012 14022.2 89516.3 78060.7 65298.0 49816.0
2013 14989.3 107305.1 92439.1 76205.1 57037.2
2014 16023.0 128088.8 108980.3 88533.3 65033.8
2015 17128.0 152337.7 127978.8 102451.3 73886.9


