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Chapter 1 

INTRODUCTION 



1.1 Introduction: 

The economy of human activity continuously consumes natural resources. 

These are distinctly of two kinds: a) resource capable of self-regeneration, b) resources without 

having capability of self-regeneration. The first category of resources is called renewable 

resources. Being capable of self-regeneration, this category of resources could provide society 

with an essentiall'y endless supply of goods or services. But the second category of resources is_ 

called non-renewable as its available fixed stock could only be depleted with the use over time. 

That is why this type of resources is specifically called 'exhaustible' resources. However, 

human society possesses capacities both for conservation and for destruction of the renewable 

base as well (Clark, 1973). Thus both types of resources are capable oftotal exhaustion (Smith, 

1968). In producing and consuming goods and services, economic activities & society draw 

heavily on materials and energy from nature. These activities affect the environment in diverse 

ways, such as converting and defacing wetland, denuding the forest, over harvesting lakes and 

ocean, polluting the water and the air by industrial wastes etc. There is no dispute that these 

economic activities should be brought under scientific management and control. 

The renewable resource is viewed as an asset from the capital theoretic point of 

view. The necessary conditions for deriving benefits of endless supply of goods and services· 

from an asset are prudent use and optimal management of the asset. This efficient management 

sought an equilibrium point under three mutually conflicting objectives: 1) optimizing long 

term social benefits from a limited natural resource base, 2) minimizing resource use and 

environment degradation and 3) regulating the rate of use of these resources over time. 

Appropriate management policy of such resources thus much depends upon the results and 

analysis of renewable resource economics. 

However, the degradation of renewable natural resources not only threatens the 

economic prospects of future generations but the livelihood of the current users as well. A 

large number of people in our country are dependent on renewable natural resource based 

subsistence. Thousands of people depend on agrarian, pastoral and fishing activities. It is_ 

believed that the social discount rate ~n our country is high as there is no alternative viable 

economic activity available to these people for their subsistence. This situation creates 

incentives for people to overexploit existing resources in order to survive. The management of 

renewable resources with the objective of optimal exploitation as well as conservation is not an 

easy task in India but a complicated one. 
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In India, renewable resources play a vital role in the national economy. Not only 

that the livelihood of major part of our population depends on renewable resources as it 

employs thousands of people in the process of resource exploitation and utilization but its 

contribution to Gross Domestic Product (GOP) is significantly higher than other sectors. It is 

important for foreign exchange earning as well. Though its contribution to total export show~ a 

declining trend since 1987-88 its percentage share is more than fifty at present (Table- 1.1 ). 

Among different sub-sectors of these renewable resources, fishery is a major one. 

Table- 1.1: Renewable and non-renewable resource contributions to export. 
Resource/year 

87-88 91-92 95-96 99-00 2003-2004P 
Renewable 71.67 67.44 66.5 67.88 51.75 

Nonrenewable 23.74 29.04 28.26 27.48 40.69 

Others 4.59 3.52 5.24 4.64 7.56 

Total percent 100 100 100 100 100 

Source: Reserve Bank of India. 

1.2 Indian fisheries. 

Indian fisheries are divided in two types- capture fisheries and culture fisheries. 

The following table-1.2 shows the divisions in Indian fisheries. 

Table-1.2: Divisions of Indian Fisheries 
Indian fisheries 

Capture ... Culture 

Inland Marine Fresh Cold Brackish/ Mari Ornamental 

and tr1 ;;o Upland (") t:l water water Coastal culture 
~ (1) 0 (1) 

c U> P' (1) 
water P' 

(1) resources U> "0 .., :2 [ U> 

floodplains 
~· 0 (1) 
U> ::;· P' 

U> 

We have shown GOP contributions (Appendix-!) of Agriculture and Fishery in 

Indian National Economy along with fishing as a percentage of agriculture since 1970-71. It is 

revealed that the contribution of fishing as a percentage of GDP rose to 1.19 from 0.61 in· 

I 970-71. Similarly, fisheries contribution to agriculture rose to 5.89 percent from 1.40 in 1970-: 

71. Growth rate of fishing is much higher than national GDP growth. In table-1.3 we have 

shown fish production in different plan periods separately for marine and inland fisheries. 
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Table- 1.3. Fish Production m different plan periods and average annua growth rate. 
Plan period Fish production at the end of the Growth (per cent) during the Average Annual 

period ('000 tonnes) plan period. growth rate 

Preplan 50-51 

I st (51-56) 

2"d (56-61) 

3rd (61-66) 

Annual plans 

(66-69) 

4th (69-74) 

5tn (74-79) 

Annual plan 

(79-80) 

6th (80-85) 

7th (85-90) 

Annual plan 

(90-91) 

Annual plan 

(91-92) 

8tn (92-97) 

97-98 

98-99 

99-2000 

2000-2001 . 

2001-2002 

Marine 

534 

596 

880 

824 

904 

1210 

1490 

1492 

1698 

2275 

1300 

2447 

2967 

2950 

2700 

2830 

2900 

2970 

Inland Total 

218 752 

243 839 

280 1160 

507 1331 

622 I526 

784 1958 

816 2306 

848 2340 

1103 2801 

1402 3677 

1536 3836 

1710 4157 

2381 5348 

2440 5390 

2560 5260 

2820 5650 

3050 5950 

3290 6260 

Marine Inland Total 

11.61 11.47 11.57 

47.65 15.23" 38.26 

-6.36 81.07 I4.74 

9.71 22.68 14.65 

33.85 20.26 28.31 

23.14 9.09 17.77 

0.13 3.92 1.47 

13.81 30.07 19.70 

33.98 27.11 31.27 

1.10 9.56 4.32 

6.39 11.33 8.37 

16.76 33.51 23.65 

-0.5'8 2.48 0.78 

-8.47 4.91 -2.41 

4.81 10.15 7.41 

2.47 8.15 5.31 

2.41 7.86 5.21 

Source: I) Central Manne F1shenes Research Institute, Koch I for the penod up to 1970-71. 
2) State Governments/ Union Territory Administrations since 1970-71. 

2.31 

7.65 

2.95 

5.66 

3.55 

1.47 

3.94 

6.25 

4.32 

8.37 

5.17 

0.78 

-2.41 

7.41 

5.31 

5.21 

We describe the Exclusive Economic Zone (EEZ) of Indian Marine resources in figure 

-1.1 and expected potential of marine and inland resources in table 1.4. The table shows that 

the Geographic base of Indian marine fisheries has 8118 kilometers. coastline, 2.02 million 

square kilometers of Exclusive Economic Zone (EEZ) including 0.5 million square kilometers 

of continental shelf. 
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. 5. 

6. 

7. 

8. 

9. 
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Figure -1.1: Indian EEZ 
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Table-1.4: Marine Area and Potential Resources. 
Length of coastline 8118 km 

Exclusive Economic Zone (EEZ) 2.0 2 million sq. km 

Continental shelf area 530000 sq. km 

Length of rivers, canals 191204 km 

Brakishwater area 1.24 million hector 

Reserviors ar·ea 3.15 million hector 

. Tanks and ponds 2.25 million hector 

Beels, ox-bow &derelict waters 0.82 million hector 

Marine fish potential 3.93 million tonnes 

Inland fish potential 4.50 million tonnes 

Source: Central Manne F1shenes Research Inst1tute, Koch1 

Although India has a large coastline, enough marine resources, and vast continental 

shelf area and also a number of inland fisheries, the contribution of fisheries towards India's 

GDP is negligible, around 1.2 percent at an average for the ten years ending in 2005 as shown: 

in appendix-!. Indian marine resources are entitled to be exploited by the state as well as 
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central government. According to the Seventh Schedule, Article 246 of the Constitution of 

India, fisheries within the territorial waters of India (i.e. up to 12 nautical miles or depth up to 

50 meters) are under the jurisdiction of the State Government and fishing and fisheries beyond 

territorial waters within the EEZ are under the jurisdiction of the Central Government. There 

are 1896 traditional fish landing centres, 33 minor fishing harbours and 6 major fishing 

harbours 3937 fishing villages. Approximate coast length, area of continental shelf, number of 

landing centres & number of fishing villages of thirteen maritime states1 are given in table 1.5. 

Table- 1.5: Area of continental shelf, number of landing centres & number of fishing 
'II fM 'f St t VI ages o an1me a es 

State/Union territory Appx. Length of Continental shelf No of landing No. of fishing 

coastline (kms) ('000 sq. km) centres villages 

1. Andhra Pradesh 974 33 508 508 

2. Goa 104 10 88 72 

3. Gujrat 1600 184 286 851 

4. Karnataka 300 27 29 221 

5. Kerala (P) 590 40 226 222-

6. Maharashtra 720 112 184 395 

7. Orrisa 480 26 63 329 

8. Tamilnadu 1076 41 362 556 

9. West Bengal 158 17 47 652 

10. Andaman & Nicobar 1912 35 57 45 

Island (P) 

11. Daman & Diu (P) 27 - 7 31 

12. Lakshadweep (P) 132 4 II 10 

13. Pondichery 45 I 28 45 

Total 8118 530 1896 3937 

Source: State Governments/ Union Territory Administrations. (P) indicates provisional. 

But many studies claim that Indian marine resources are not fully exploited till now. 

Demersal and pelagic resources in different depths have a total potential of 3.92 million tonnes 

of which only 61 percent is exploited. It is also reported that 39.12 percent of demersal and 

1 Please see discussion 4.3 
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26.98 percent of pelagic resources remained unexploited at the of 1998 [details of present 

position is discussed in Chapter-2]. 

1.3 Brief view on marine fishery fleet of India: 

The Indian marine fishing activities were mostly confined to the coastal zone until mid 

80's. After this period the fishing zone was marginally extended beyond coastal zone for 

catching mostly deep-sea lobster, shrimps and also cephalopods. The major significant change 

that had been observed in Indian marine fishery (especially in the coastal region of south) was 

modernization program under Indo-Norwegian project by Union Department of Agriculture in 

the 1950's. Successful implementation of the project not only changed individual boats into the 

mechanized one by the installation of inboard engines but later introduction of mechanized· 

boats of convenient new designs was also made possible. Subsequently in late 1970's Union 

Cabinet first introduced medium sized outrigger trawlers along the upper east coast followed 

by imports of 25 m length overall (LOA) trawlers essentially for marine shrimping. However 

these were also' equipped for stern trawling. Indigenously constructed similar trawlers were 

introduced in Indian marine fishing till late 80's. Indigenously constructed mini trawlers in 

15m LOA range were introduced in the later part of this period by private fishing enterprises 

for coastal shrimping and purse seining in the coastal zone. 

In the year 1976, EEZ of India was notified. Government of India (GOI) notified the 

regulations to control fishing by foreign vessels in the Indian EEZ in 1981. Declaration of EEZ · 

and subsequent GOI notification (1981) did fail to deter foreign vessels harvesting within 

Indian Territory by taking advantage of the provisions of the scheme of joint ventures. On the 

basis of the recommendations of Murari Committee, the GOI abolished the scheme in 1994. 

Abolishing this scheme in 1994, however failed to achieve its objective in preventing 

Taiwanese vessels into Indian EEZ. The owners of Taiwanese vessels are understood to have 

availed of the facilities used the newly introduced system which permits to import used large 

vessels. Besides the process of liberalization of economy, .which began gradually in the early 
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1980's and formally declared in the early 1990's, permitted many new joint venture 

agreements for fishing in the Indian EEZ beyond 12 nautical miles of territorial waters 

(Kurien, 2000). Meanwhile the real Indian (medium length) fleet of 23-27 m overall length 

(OAL) declined to 50 numbers only from 195 in the year 2003 (Fishing Chimes, 2003). 

Scenario within 12 nautical miles is completely different. Within 12 nautical miles of 

coastal zone we have thousands of different types of fishing vessels- motorized and non

motorized traditional crafts, mechanized boats of different size and facilities. Numbers of boats 

are also increasing rapidly over the years which cause massive overcrowding and as a result 

overexploitation in certain regions of EEZ. 

Motorized. boats which predominantly operate within 50 meters of depth (or within 12. 

nautical miles) increased from 6928 in 1985 to 39303 in 1995 to 44578 in 2003. Similarly 

mechanized boats increased for 26733 in 1985 to 3790 I in 1995 to 53684 in 2003. Intensified 

harvesting activities by thousands of vessels crowded in this zone put pressure on biomass 

stock. Effort being increased, many experts opined that we are spending more and more, to 

catch less and less fish per unit of effort (Kurien, 2000). Indian fisheries sector (both marine & 

inland) have grown several folds in the past five decades, but have raised several issues 

relating to optimal utilization and sectoral allocation of marine fishing fleet. 

But India has been facing a constantly alarming trend of deterioration in the 

performance of its marine fisheries sector, in terms of fleet strength and consequential .. 

exploited output for the past several years (Fishing Chimes, 2003). Although Indian marine 

fleet increased in numbers but still they could not harvest in accordance to the potential yield. 

8 



The present fleet strength of India is shown in the table-1 :6 below. 

Table-1.6: Present marine fleet strength of India. 
State/Union territory Non motorized Motorized traditional Mechanized 

traditional crafts crafts Boats 

I. Andhra Pradesh 53853 4164 8642 

2. Goa 1094 1100 1092 

3. Gujrat 9222 5391 11372 

4. Karnataka 19292 3452 2866 

5. Kerala 28456 17362 4206 

6. Maharashtra 10256 286 8899 

7. Orrisa 10993 2640 1276 

8. Tamilnadu 33945 8592 9896 

9. West Bengal 4850 270 3362 

10. Andaman & Nicobar 1180 160 230 

Island 

11. Daman & Diu 252 350 805 

12. Lakshadweep 594 306 478 

13. Pondichery 7297 505 560 

Total 181284 44578 53684 

*total mcludes 810 FRP Catamarans and 135 Beach Landmg Crafts. 
Source: Fishing Chimes, August 2004. 

Total 

66659 

3286 

25985 

25610 

50024 

19441 

15854* 

52433 

8482 

1570 

1407 

1378 

8362 

280491* 

From table-1.6 we see that, out of280491 fishing crafts only 19.14 percent are mechanized 

boats. It includes trawlers, purse-seiners, long liners, gill-netters etc. Though numbers of 

mechanized boats were only very few comparing the total fleet strength, but it contributed 65 

percent of the total fish landings 2.46 million tones on the average during the period 1988- I 997 

(MOA, I 996). Thus productivity of the Indian marine fishery depends mainly on the efficiency 

of different types of mechanized vessels that we have mentioned. 
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1.4 Problem of the study: 

Indian marine resource was mainly exploited by artisanal fishermen as a means of 

theirs subsistence before independence and during the early phase ·of our independence. 

Commercial fishing activities were developed by introduction of trawling and purse seining· 

techniques later. The commercial fishing requires estimation of fish stock. Both intensive and 

extensive surveys were undertaken to provide necessary estimates of bio-mass stock during 

this period. The findings of those initial surveys led to the recommendation of a development 

program that emphasized the necessity of mechanization of indigenous crafts. As a part of 

modernization program, the Indo-Norwegian Project helped artisanal fishermen to convert 

their individual traditional crafts into mechanized boats. But the rapid development of 

commercial marine fisheries is basically the post EEZ phenomenon. The marine fish 

production registered manifold increase in fish capture during the period 1960 to 1996. It was 

only 0.85 million tones in 1960 but rose to 2.94 million tones in 1996. It also implies growth 

and changes in fishing capacity i.e. fleet types and strength. 

Fishing fleet that operate in the coastal inshore and off- shore waters, can be grouped 

into three major categories: I) non-motorized traditional crafts, 2) motorized traditional crafts 

and 3) mechanized boats. The detail of the categorization according to the marine fisheries 

experts is done in chapter 2. The present fleet strength of the different categories of boats is 

280491 of which 181284 are non-motorized traditional crafts, 44578 are motorized traditional 

crafts and 53684 are mechanized boats (Fishing Chimes,. 2004). 'This mechanized category 

includes trawlers, purse-seiners, long liners, and gill-netters ·etc. These may be again sub 

grouped according to their length, horsepower and facilities available on board. 

In India, the areas below 50 meters of depth (corresponding to 12 nautical miles 

distance from the shore) reserved exclusively for motorized and non-motorized traditional 

crafts as well as small-mechanized boats by legislation. A few mechanized boats started 

harvesting beyond 50 meters of depth by extending their area of operation. Thus Indian 

marine fishing capacity increased in terms of area and operation (both horizontal and vertical) 

as well as total installed fishing effort with respect to increased number of boats. 

Fishery Survey of India (FSI), an agency of 001, responsible for surveys and 

assessment of the marine fishery potential of the Indian EEZ estimated the maximum 

sustainable yield (MSY) ofthe fish stock as 3.93 million tones per year. It includes demersal 
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(1.93 million tones), pelagic (1.74 million tones) and oceanic (0.25 million tones) resources 

per year (Sudarsan et.al 1990). However, the total marine fish production is only 69 percent 

of the total potential. While 91 percent of the total potential within 50 meters of depth is being 

exploited, only 46 percent of the total potential per year is exploited within the range of 50 

meters to 200 meters of depth. Moreover almost entire oceanic potential is left unexploited in< 

India. Also, the number of vessels capable of harvesting beyond 50 meters of depth has 

decreased. Thus there are different inter-dependent facets of the Indian marine fishery 

problem: at the one hand, number of boats operating within 50 meters of depth is continually 

increasing and on the other, number of vessels operating beyond 50 meters of depth is 

decreased to almost one-fourth of its original strength. In the first case, there is a possibility 

that the vessels are suffering from scale efficiency qecause of crowding of vessels apart from 

pressure on biomass stock. In the second situation, since harvesting in the deep-sea depends 

upon application oftechnology as well as minimum viable level of scale, vessels are suffering 

from overall efficiency. Problems of Indian marine fisheries has not been studied and 

analyzed from these points of views. It was not analyzed from the aspect of determination of 

capacity output. and capacity utilization. Both of the two aspects are related with the. 

determination of efficient frontier analysis of many vessels operations. It is important to note 

that even within 12 nautical miles, the level of marine production have not been reached to 

the fullest of its estimated MSY. But many experts have already observed symptoms of 

depletion within this zone. It is important two understand how these two apparently 

conflicting phenomena can be reconciled. MSY is a biological point of equilibrium. It is 

accepted that MSY concept is, in many respect, far too simplistic to serve as a valid 

"operational" objective for the management of most living resource stock (Clark, I 990). Even 

severe objections have risen on biological grounds. However, the economic shortcomings of 

this concept are even more important. This concept totally ignores the cost aspects- of 

harvesting operation. Thus it is quite impossible that an MSY harvest policy is not likely to be 

proved optimal in an economic sense. 

Another aspect that this conflicting observation seems to indicate is that the vessel 

distribution in different patches of fishing zone is not in accordance with the density of bio

mass stock in different patches. This, therefore, is indicative of sub-optimal allocation of 

effort. Problem of the study, therefore, urges to analyze the allocative justification of inputs 

and its utilization with respective to potential output of marine resources of India. 
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1.5 Rationale of the study: 

Among different sectors of renewable resources in India, fishing is one of the 

most important. Thousands of people are employed directly or indirectly in this sector. It 

contributes substantially to total foreign earnings through exports. It has continuously been 

contributing to the GOP growth. Moreover, the total potentiality of resources has not been.· 

fully exploited so far the calculated MSY is concerned. It indicates that the growth oflndian 

GOP may be higher, had the marine resources been exploited to the extent of its potentiality. 

National committee on cattle in its report laid down the following objectives of 

fishery policy: 1) to augment marine fish production of the country up to the sustainable 

level in a reasonable manner so as to boost export of sea food from the country and also to 

increase per capita fish protein intake of the masses, 2) to ensure socio-economic security to 

artisanal fishermen whose livelihood solely depends on this vocation, 3) to ensure 

sustainable development of marine fisheries with due concern for ecological integrity and 

bio-diversity. However, the report at the same time pointed out " exploitation of the living 

resources within 50 meters of depth zone is showing symptoms of depletion and in certain 

belts in the inshore waters it tends to cross optimum sustainable level". The report, therefore,: 

suggest a stringent fishery regime (management system) to be in place. 

Despite the rapid development of methodology of frontier approaches and its 

applications in different sectors of economy, research on technical efficiency in commercial 

fisheries is rather limited. It is alleged that different authorities of fishery management are 

typically more concerned with the biological aspects of fisheries resources rather than with 

the economic performance of various agents or factors involved in fishery (Sharma & 

Leung, 1998). Management generally emphasizes more on resource conservation and its 

maintenance rather than improvement of economic performance (Pascoe, Anderson & De 

Wilde, 2001 ). But there is no doubt that both the sustainable management of fish stocks and 

the efficient utilization of fishing inputs deserve to be considered in maximizing serial 

benefits. The above observation is particularly true for Indian commercial marine fishery. 

Optimum fishery management demands not only the assessment of biomass 

stock that has been done by FSI, but at the same time demands to estimate both scale and 

technical efficiency of different types of fishing vessels. If we could obtain the efficient 
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frontier of the vessel operation then only it is possible to suggest how the operation of the 

inefficient vessels would be placed on the frontier through input or output adjustments. 

The present endeavor is, therefore, a humble attempt to make a comprehensive study of 

the state of fleet utilization in India with respect to capacity output. We would try to ascertain. 

capacity utilization and limit capacity through data envelopment analysis (DEA). The study 

seems to carry an enormous academic value since no extensive study has been done on this 

particular aspect of Indian Marine Fisheries. It may be helpful to the government, to the 

researchers, to the national policy makers who has been making serious endeavor to protect the 

resources for sustainability as well as exploiting the resources to its fullest potentiality. 

1.6 A brief overview of the literature: 

Measurement of efficiency of economic activity is an attempt to assess the · 

performance of industries or individual firms in using real resources to produce goods and 

services. The requirement of technical efficiency is that the maximum possible amount is · 

produced with the resources used; or to put it in another way, it must be impossible to reduce 

the volume of any input without reducing the volume of output. Assuming that a deviation 

from optimum is possible in real production, an efficiency measure should reflect the 

difference between actual performance and potential performance. The better utilization of 

inputs/resources in the production process, the better is the efficiency. The literature presents a 

wide variety of methods used to measure technical efficiency. Frontier approaches evaluate 

productivity against production functions. A production function defines the maximum levels 

of output attainable with a certain combination of inputs or the minimum possible level of 

inputs to be used in the production of a certain level of outputs. In our study the literature 

review has ·been discussed in three parts: in the first section, study of all theoretical and 

empirical issues and their developments related to measurement of efficiency in general, which: 

represents a review of the theoretical concept underlying the efficiency measurement of 

economic activity. In the second part, subsequently we present an overview of quantitative 

procedures, which can be used in estimating the relative performance of firms, within the 

framework of DEA and other studies related to application in fishery in particular. In the last 
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part we wil l mention specificall y relevant studies which contain a rev iew of this method to 

fishing activ ity on Indian marine fishery. 

1.6.1 A review of the theoretical concepts underlying efficiency measurement: 

Optimal management of firms genera lly implies that, given the levels of input 

employed, the firm shou ld produce maximum output. In order to attain overal l economic 

effic iency. the firm, therefore, must be technically efficient, input allocative efficient and 

output all ocative efficient (K umbhakar & Lovell, 2000). Hence, effic iency can be considered 

in terms of the optimal comb ination of inputs to ach ieve a given level of outputs, or the optimal 

output that could be produced given a set of inputs. In case of fishery, while allocative 

efficiency affects the econom ic performances of the individual fisheries, technical efficiency 

affects the overa ll quantity of outputs produced from a given set of inputs. Leve l of efficiency 

of a finn is measured by the ratio between actual and potential productions. If a firm ' s actua l 

production lies on the estimated efficient production frontier, the firm is said to be efficient. If 

it lies below the frontier then it is technically inefficient and the aforesaid ratio will determine 

the level of efficiency. A series of methods have been developed to estimate technical 

effic iency since the publication of Farrell ' s work on "Measurement of production efficiency" . 

. All such approaches for estimating technical efficiency, however, can generally be categorized 

under two distinctly oppos ite group of methods:- parametric and non-parametric (Seiford & 

Thrall, 1990). Stochastic Production Frontier Ana lysis (SPF) is an approach of the first type, 

whil e Data Enve lopment Analysis (DEA) belongs to the second . The following tree (fig-1.2) 

shows the taxonomy of effic iency measurement techniques. 
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Figure - 1.2: Taxonomy of Efficiency Measurement Techniques 

Assessment of Efficiency 

Frontier Non-Frontier Frontier 
Methods Methods Methods Non-Frontier 

Methods 

Stochastic Simple Data 
Frontier Regression Envelopment 
Analysis Analysis Analysis 

Imposition of an explicitly defined functional form is absolutely necessary for SPF with 

distributional assumption on data and a measure of random error. DEA, on the other hand, does 

not irripose such functional form and, therefore, less prone to mis-specification (Wu, 1996). 

Further DEA is a non-parametric approach which does not require taking into account of . . 

random error. Hence it gets rid ofproblems of assuming an underlying distribution ofthe error 

term. However, since DEA can not take into account of such statistical noise, the efficiency 

estimates may be biased if the production process is largely characterized by stochastic 

elements (Mardle & Pascoe, 1999). 

Efficiency estimates of SPF analysis also require several restrictions on function and 

also on input vector. The function is said to be finite, non-negative, real-valued and twice 

differentiable function. Moreover, it is assumed to hold monotonic property and must be 

strictly quasi-concave function. Because, the input requirement set is necessarily assumed to be 

closed and non-empty convex set. These restrictions rule out discontinuous jumps in the 

technology and permit the use of differential calculus in production analysis (Fousekis, 2000). 

In the evaluation of trawler efficiency in marine fisheries require set of inputs as well as 

outputs data. SPF can not handle the multiple outputs. This deters to introduce SPF models in 
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estimating overall efficiency ofmarine fishery. If stochastic components ofmarine fishery can 

be taken care of by the way of reducing the stochasticity effect in data series, then the 

application of DEA would have been better than SPF. The available data of marine fishery is 

generally annual harvest which is the aggregation of daily catch or per trip catch. Hence, much 

of the stochasticity is reduced by this aggregation. Moreover, there are a few very recent 

literatures in which the attempt is made to incorporate stochastic component in DEA method. 

Hence, comparing these two approaches with their relative advantages and limitations along 

with very nature of marine fishery data, the DEA method seems to imply better usability in our 

context. 

1.6.2 Overview of quantitative procedures within the framework of DEA 

Production efficiency concept was first introduced by Farrell (1957) which led 

to the development of series of work in the economics literature beginning with Aigner & Chu 

(1968). DEA introduced by Charnes, Cooper & Rhodes (CCR Model, 1978, 1981 ), and further 

extended by Banker (1980, 1984), and Banker et a!. (1984, BCC Model) provides a non

parametric and extremal method for estimating production frontiers and evaluating relative 

efficiency of decision making units (DMU). The first DEA model (CCR) assumed constant 

returns to scale (CRS) while BCC extended the model to the situation variable returns to scale 

(VRS). 

DEA analysis is based upon firms or in other words decision making units (DMU), 

each of which makes use of different inputs to produce different outputs. On the basis of input 

· vector and output vector Charnes, Cooper and Rhodes ( 1978) introduced three concepts in the 

literature: 

• Production possibility set: P ={(X,Y): X,Y >= 0, Y can be produced from X} 

• Input possibility set: I(X) ={X: (X,Y) E P} 

• Output possibility set: O(Y) = {Y: (X,Y) E P} 

DEA does not require any information on input or output prices. In fisheries, 

prices on the main inputs are not easy to define and often are not even available. For this 

reason, the DEA models seem to be more appropriate. Moreover, a recent study (Pascoe, 200 I): 

shows that several efficiency analyses carried out in terms of the physical inputs for different 
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fleet segments of the North Sea provided similar results than when those analyses were carried 

out in terms of economic inputs. 

Dyson et a!. (200 I) carri ed out a study on the advantages and disadvantages of the 

DEA method and on how to rectify some of the disadvantages. Also, Pedraja-Chaparro et al. 

( 1999) studied the quality of the DEA models and the characteristics to be taken into 

consideration previously to the use of any of these models. 

In 1978, Charnes, Cooper and Rhodes (CCR) proposed what has been 

traditionally considered the first DEA model. The CCR model was deve loped origina lly 

through a fractional form. The opt imal values given by DEA are actually the virtual 

multipliers. Those represent the associated weights of the inputs and outputs respectively. The 

unit being eva luated wi ll be called effic ient if, by using the most favourable set of weights, the 

ratio of the we ighted inputs over outputs is equa l to one .The above fractional form ul ation can 

be transformed into a linear programming problem (LPP) (Charnes and Cooper, 1962) by 

maximizing the numerator and setting the denominator equa l to a constant. In the DEA 

methodology, this constant is considered to be equal to one, in order to get an efficiency rate 

upper-bounded by one. 

The models presented initially were input oriented models. Subsequently, the 

output-oriented model (CCR-0) was proposed where the efficiency has been defined as the 

ratio of the weighted sum of inputs to the weighted sum of the outputs. Generally for solution 

of DEA models dual form is used. When the unit under evaluat ion, DMU, is rated as 

inefficient, the so lution to the dual problem provides a number of DMUs -the peer group or 

reference set- which is rated as efficient with the weights of DMU. Moreover, the optimal 

solut ion of the model provides a virtual unit on the frontier constructed as a linear combination 

of the units in the reference set. The unit being evaluated should be transformed into that 

virtual DMU in order to become efficient. This is made by a radial reduction of the inputs or 

expans ion of the outputs - for an input or output orientation respectively- by means of the 

optimal va lue of objective function. 

Several other overa ll efficiency measures have been proposed in literature. Some of 

those are ca ll ed as addit ive DEA models. Several other traditional radial models (CCR and· 

BCC) were suggested in Lovell and Pastor ( 1995), in Lovell , Pastor and Turner ( 1995) and in 
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Grifell-Tatje, Lovell and Pastor (1998). Extensive review of various models is available in 

Cooper et al. (2000). 

The original model of CCR assumed constant returns to scale (CRS). Banker, Charnes 

and Cooper (1984)extended their model and constructed a new model that allows for variable 

· returns to scale (VRS). The extension is made by the elimination of the postulate of linear 

combination by the convex combination on the production possibility set P proposed in the 

CCR model. It makes the production possibility set as the smallest convex set that encloses all 

observed DMUs. In chapter 3 we have done a detail discussion of the DEA models required for 

our present study. 

The method suggested by Banker (1984), is based on the concept of the most. 

productive scale size and uses the CCR model. This method has been criticised by some 

authors (Chang and Ghu, 1991) who argued that Banker's test failed in some cases. However, 

Zhu and Shen (1995) proved that most of their arguments were wrong .. The model works 

satisfactorily unless some of the efficient DMUs present linear dependency. They showed that 

there is a unique optimal solution to the CCR program and also unique most productive scale 

size would exist. Zhu and Shen developed a new technique to make the method work even 

when linear dependency occurs. 

Golany (1988) proposed that some ordinal relationships could be established for 

the virtual multipliers. He presented a modified DEA model by introducing some more . 
constraints. However, AI i, Cook and Seiford ( 1991) proved that some of the mathematical 

developments in Golany' s work were wrong. Dyson and Thanassoulis (1988) proposed a: 

solution for the single-input case. In their work, they suggested a way of determining an 

average for the weights by making use of regression analysis. These average values can be 

used to impose some lower bounds for the outputs weights. Wong and Beasley (1990) 

proposed the inclusion of value judgement in the DEA model by means of some new 

restrictions incorporated to the original models. The assurance region model developed by 

Thompson, Langemeier, Lee and Thrall (1990) also imposed some restrictions on the ratios 

among weights. Sengupta (1990) proposed some transformations in DEA models to establish a 

relationship between DEA and other parametric estimations of frontiers. Also in a very recent 

development Brazdik proposed the efficiency dominance principle to derive oriented chance 

constraint model for SDEA. 
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The major deficiency with DEA approach, as we have mentioned already, is that it is 

deterministic and hence does not take into account random error. However, more recently, 

stochastic Data Envelopment Analysis (SDEA) models have been developed. Since DEA is an 

extreme point technique, noise (even symmetrical noise. with zero mean) such as measurement 

error can cause significant problems because the solution to optimization problems is sensitive 

to changes in data. As a consequence of this, theoretical attempts to incorporate these 

stochastic errors were made. SDEA applications are based on the theoretical paper by Land et 

a!. (1993), where the authors used their new model.s to examine the efficiency of the same 

schooling program for disabled scholars as in Charnes eta!. (1978). In Land eta!. (1993), the 

authors discussed the prospect of stochastic data envelopment analysis and constructed their 

own model. They introduced the stochastic component to DEA and derived the model as a 

chance constrained version of BCC output oriented model in envelopment form. Further, Land . 

et al. (1993) transformed these problems to their deterministic non.,linear equivalents, which 

allowed them to determine the efficient DMUs. 

Olesen and Petersen ( 1995) presented a different approach by incorporating the 

stochastic component into DEA. Olesen and Petersen assumed that the inefficiency of DMU 

can be decomposed into true inefficiency and disturbance term and derived the Olesen and 

Petersen model from the multiplier formulation ofthe BCC model. The approaches ofLand et 

al. (1993) and Olesen and Petersen (1995) to SDEA are compared by Olesen (2002) and the 

weaknesses of both approaches are identified. The theoretical paper by Huang and Li sketches 

stochastic models with the possibility of variations in inputs and outputs and introduced 

stochastic efficiency dominance. Huang and Li defined the efficiency measure of a DMU via 

joint probabilistic comparisons of inputs a~d outputs with other DMUs that can be evaluated 

by solving a chance constrained programming problem. By utilizing the theory of chance 

constrained programming, deterministic equivalents are obtained for both situations of 

multivariate symmetric random disturbances and a single random factor in production 

relationships. Li (1998) obtained a linear deterministic equivalent via programming theory 

under the assumption of the single random factor and the stochastic supporting· hyper-plane is 

use to analyze the returns to scale. The papers by Gstach (1998) and Simar (2003) show that 

there are research directions in which the future developments on DEA and SDEA may be 

driven. Gstach (1998) proposes using DEA to estimate a pseudo frontier (nonparametric shape 

estimation) and then apply a maximum likelihood-technique to the DEA-estimated efficiency 

to estimate the scalar value by which this pseudo-frontier must be shifted downward to get the 
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true production frontier (location estimation). Simar (2003) proposes, for cases where noise to 

signal ratio is low, the bootstrapping method for improving the performance of the. 

deterministic DEA frontier estimation. Mortimer (2002) in his comparative study of SF A and 

DEA literature summarizes the results from SFA and DEA studies to identify the amount of 

correlation between scores in SF A and DEA comparative studies. However, several stochastic 

DEA models have been developed recently. Banker and Maindiratta (1992) proposed a 

composed error model for the maximum likelihood estimation of non-parametric frontiers. 

Banker (1993a) proved consistency for DEA efficiency scores under certain conditions and 

established some relationships between DEA and maximum likelihood residuals. However 

these developments are not without problems (Olesen and Petersen, 1995). Banker (l993b) 

extended his previous model using two different approaches. Lovell eta!. (1993) carried out a 

modified DEA model to get efficiency scores lower bounded by zero but unbounded from 

above. This modification allows the application of ordinary least squares to the logged.· 

modified DEA model scores. Retzlaff and Morey (1993) developed a stochastic model based 

on goal programming. They assumed equal input prices for all firms. This model was further 

studied by Resti (2000) using a multiplicative form. Simar and Wilson (2000a,b) also tried to 

provide some sort of confidence interval for the efficiency estimates in order to allow for 

random error using oootstrapping techniques. However this technique together with some other 

stochastic DEA models is not able to distinguish between the random effect and the 

inefficiency term. Moreover, Lothgren (1997) proves that in the presence of random noise, the 

. bootstrapping technique increases error in the DEA estimates. The bootstrapping approach has 

had only limited application in fisheries. 

1.6.3 Application ofDEA in Indian Marine Fisheries. 

Although, in fisheries, the technique of DEA has been applied to the Malaysian 

p\}rse seine fishery (Kirkley eta!., 2003), United States Northwest Atlantic sea scallop fishery 

(Kirkley et a!., 2001 ), Atlantic inshore ground fish fishery (Hsu, 2003), Pacific salmon fishery 

(Hsu, 2003), the Danish gillnet fleet (Vestergaard, Squires and Kirkley, 2003), English 

Channel multispecies multigear fisheries (Pascoe, Coglan and Mardle, 2000; Tingley, Pascoe 

and Mardle, 2003), the Scottish fleet (Tingley and Pascoe, 2003) and the total world capture 

fisheries (Hsu, 2003), it is not yet tried in Indian marine fishery. 



Fisheries research in India is coordinated by the Indian Council of Agricultural 

Research (ICAR), an autonomous organization under the Ministry of Agriculture. Several 

other Agricultural Universities and institutes under the Ministry of Agriculture also do the 

same. Generally fisheries studies in India are done from two different points of views. Either 

study is conducted to understand the biological aspects which consist of finding the fish stock 

in Indian EEZ or to estimate the biomass level or to find the fishery potential in the EEZ of 

India. The fact is, in India, different authorities of fishery management are typically more 

concerned with the biological aspects of fisheries resources rather than with the economic 

performance of various agents or factors involved in fishery (Sharma & Lenng, I 998). These 

biological surveys are conducted by Department of Animal Husbandry and Dairying (DAHD), 

Govt Of India, Fishery Survey Of India, Central Marine Fisheries Research Institute, Cochi. 

The other studies are related to the socoi-economic conditions of the fisher-folk of India. The 

Bay of Bengal Programme (BOBP) started in I 979 and still continues, providing assistance in 

the development of small-scale fisheries, including enhancing the socio-economical welfare of 

the fishing communities. Researchers and scholars are more interested in finding out MSY of 

capture marine fishery. The marine fishing capacity in the form of traditional motorized and 

mechanized boats is being assessed at institutional level. In one such exercise, the optimum 

fleet for different categories of crafts (CMFRI, 1998) was estimated. Also, Indian researchers 

are doing work on fisheries management, control, and surveillance in Indian EEZ (Somvanshi, 

1996, 1999). 

Since DEA is not being applied in Indian fisheries yet, there is no literature 

available in this regard for India. The advantages of this method are that it can estimate· 

capacity under constraints including total allowable catch (T A C), by-catch, regional and/or 

size distributions of vessels, restrictions on fishing time, and socio-economic concerns such as 

minimum employment levels etc. DEA can be used to identify inefficient operating units: 

(individual vessels). DEA readily accommodates multiple outputs (e.g. species, market 

categories), and multiple types of inputs such as vessel and crew. DEA can also determine the 

maximum potential level of effort and its utilization rate. The analysis accepts virtually all data 

possibilities, ranging from the most parsimonious (catch levels, number of trips, and vessel 

numbers) to the most complete (e.g. a full range of cost data). With cost data, DEA can be used 

to estimate the least-cost (cost minimizing) number of vessels and fleet configuration. It can 

also measure capacity relative to any desired biomass. The method is limited by its 

deterministic specification, but allows for the consideration of an economic definition of 
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capacity. The present study could help the researchers, the national policy makers who has 

been making serious attempts to protect the Indian Marine Resources for sustainable 

developments as well as exploiting the resources to its maximum potentiality. 

1. 7 Objectives of the study: 

The main objectives ofthe study are as follows: 

1. To study the utilization of the Indian marine fishing fleet of the different 

maritime states, given the biological and geographical resources. 

2. To find the efficient frontier of Indian maritime states with respect to few 

selected inputs. 

3. To identify maritime zones which are operating efficiently with respect to input 

utilization. 

4. To identify maritime zones which have excess capacity and under performing. 

1.8 Hypothesis of the study: 

Following are, therefore, hypothesis postulates for this study. 

1) Indian Marine Fishery has not been fully exploited due to absence of optimal 

resource management policy. 

2) Indian marine fishing fleet operating within 12 nautical miles (or 50 meters 

depth zone) is over capacitated and vessels are running inefficiently due to lack of scale 

efficiency. 

3) Indian marine fishing fleet operating beyond 12 nautical miles (or 50 meters 

depth zone) or in deep-sea is running inefficiently due to lack of both scale and technical 

efficiency. 
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1.9 Sources of Data and Methodology of the Study: 

The study is based on secondary data. Sources of secondary data are mainly 

published series of Department of !llarine fisheries, India; Department of Animal Husbandry 

and Dairying (DAHD), Government of India; Fishery Survey of India (FSI); Central Marine 

Fisheries Research Institute (CMFRI), of India; Bay of Bengal Programme (BOBP), : 

Chennai, India; Food and Agricultural Organization (F AO); Reserve Bank of India (RBI); 

Central Statistical Organization (CSO); FISHSTAT PLUS & FAOSTAT database 

maintained by F AO; FIG IS, an official website maintained by F AO for statistical queries on 

fisheries database, etc. finding of a few scholars who worked on Indian Marine Fishery will 

be used whenever necessary. Fish landing data for different maritime states for the year 

2003 are collected from Marine Fishery Information Service (MFIS, 2005). The published 

documents of Government and Non-governmental organizations are also consulted. 

Between two types of technical efficiency - Debreau & Shephard- former is 

considered more appropriate for economic sector like fishing where producer has option to 

select input levels than output levels. Different alternative methods have been developed for. 

the estimation of frontier function since the seminar paper of Farrell ( 1957). Between two 

categories of methods - parametric and non-parametric - we opt for the second approach. 

While the former is based on the econometric techniques and require assumptions in 

defining the functional form of the technology and the random error distribution, the later 

method relies on piece-wise linear deterministic frontiers. This approach does not necessitate 

functional forms and thus is less prone to error of misspecification. Another advantage is 

that the method can easily handle multiple inputs and multiple outputs. Moreover, since the 

method does not take into account stochasticity, the problem of assuming an underlying 

distribution about the error term does not arise. This particular non-parametric technique is 

called Data Envelopment Analysis (DEA). 

Various DEA models are proposed in the literature of production frontiers: 

(discussed in section 1.6). The assumption of constant returns to scale is not valid for marine 

fishery, hence the frontiers have assumed to be piecewise linear and concave characteristics. 

Since the BCC model has its production frontiers spanned by the convex hull of the existing 

DMUs and capture the characteristics of variable returns to scale, we choose to apply BCC 

model in its dual form. Further, since our objective is to optimize the output, given the input 

levels, we select the output oriented model. 
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1.10 Plan of the study: 

The thesis spans over six chapters including the introductory one. Chapter 2 

contains an account of present scenario of Indian Marine fishery with respect to development, 

management, control, potential harvest, existing fleet types & its strengths and optimal fleet 

size. This chapter will give us an overview of Indian Marine Fishery and its management 

problems. 

Chapter 3 is planned to be dealt with measurement of efficiency & DEA. It will be a 

methodological review chapter where we discuss the relevance of efficiency measurement & 

DEA with respect to Marine fishery. 

In chapter 4, we propose to estimate the Performance in Marine Fishery of 

Indian Maritime States using DEA for the years 2003 & 2005 and try to establish the 

improvement of efficiency from 2003 to 2005. 

In chapter 5, we estimate the Efficiency of Indian Marine Fishery using DEA 

for the year 2005 with respect to the mechanized crafts and try to find out the most efficient 

maritime states in India. 

Finally, chapter 6 summaries the conclusions of empirical results of the study. It 

also includes limitations and further scope of present study. 
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Chapter 2 

Indian Marine Fishery: 

An Overview 
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2.1. Physical Description of Indian Marine Fishery: 

India is located between latitudes 8° 4' and 37° 6' Nand longitudes 68° 7' and 97° 25' E 

with 28 states and 7 union territories covering a total land area of about 3.3 million km2
• Out of 

these states and union territories, 9 and 4 are maritime respectively. India's Exclusive 

Economic Zone (EEZ) covers a total area of2.02 million km2 of which 0.86 million km2 on the 

west coast including the Lakshadweep Islands and 1.16 million km2 on the east coast including 

the Andaman and Nicobar Islands. The continental shelf covers half a million km2.The country 

has Indian Ocean at the south, the Arabian Sea on the west and the Bay of Bengal on the east. 

Indian marine fishery region is divided into two coastal zones: West Coast (Malabar Coast) • 

and East Coast (Coromondal Coast). 

a) West coast oflndia (Malabar Coast) 

The following states and union territories border the west coast of the country: 

Maritime States: Gujarat (GJ); Maharashtra (MR); Goa (GOA); Karnataka (KT); Kerala (KR). 

Union Territories: Daman and Diu; Lakshadweep. 

It has a broader continental shelf with high fish catches. The seasonal cycles of the 

waters of the Arabian Sea are well mixed because of strong influence of the northwest 

monsoon. This causes abundant nutrients such as nitrates and phosphates which lead to higher 

plankton production. The effect of these factors is a richer fish fauna, both in terms of diversity 

and in abundance: Over 75 percent of India's total fish landings originate from the west coast.: 

Geographically West Coast is divided into two sub-regions namely, (i) South-West zone, 

which is consisting of Kerala, Goa & Karnataka and (ii) North-West zone consisting of 

Maharashtra & Gujarat. 

(i) South-West: Although this sub-region of the west coast is the largest 

contributor of India's total marine fish landings, the production is more or less stagnant 

in the five years ended in 2005. The striking features of the marine fisheries of this 

region are the predominance of the pelagic resources. That is why the proliferation and 

enhancement of capacity of ring seine crafts in this zone are observed. The major fishes 

· that are caught in this region are oil sardines, sharks, white baits, carangids, mackerels, 

ribbon fishes and crustaceans. However, the demersal fish landing has increased

steadily with the exception of Kerala 
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(ii) North-West: The growth of marine fish production in North-West was 

spectacular owing to the rapid development of fishing in the state of Gujarat. In this 

sub-region, Gujarat is the major resourceful state. During the last fifteen years, this 

region has emerged as one of the single largest contributors of total marine fish landing 

in India. Cephalopods and crustaceans are abundantly available both in Maharashtra 

and Gujarat. In Maharashtra, pomfrets, non-penaeid prawns and stomatopods are major 

fish variety. On the other hand, in Gujarat major fishes are catfishes, threadfins, 

croakers, pomfrets, cephalopods, penaeid & non-penaeid prawns. 

b) East coast of India (Coromandel Coast) 

The following states and union territories border the east coast of the country: 

Maritime States: Tamil Nadu (TN); Andhra Pradesh (AP); Orissa (OR); West Bengal (WB). 

Union Territories: Pondicherry (PC); Andaman and Nicobar Islands. 

It has a narrow continental shelf. The northeast monsoon winds, which sweep over the 

Bay of Bengal are moderate and have short duration. Primary production in the Bay of Bengal 

is relatively low. Overall, this region produces only 25 percent of total Indian marine landings. 

East Coast is divided into two sub-regions namely, (i) South-East zone, which is consisting of 

Andhra & Tamilnadu and (ii) North-East zone consisting of West Bengal and Orissa. 

(i) South-East: South-East zone consists of two maritime states Andhra Pradesh 

and Tamilnadu. Oil sardines are one of the most important species captured in this. 

zone. The major fishes that are caught in this sub-region are ribbon fish, seer fish, lizard 

fish, goatfish, threadfin beams, silver bellies and penaeid prawns etc. 

(ii) North-East: North-East zone contributes only about 10.7 percent of total all 

India landing. Hilsa shad, Bombay duck, coilia, seer fishes are mainly landed in 

West Bengal (WB). Bombay duck & Hilsa shad constitutes 71 percent of total 

pelagic landing & 51 percent of total marine fish landing in WB. 

Elasmobranches, sharks, skates, rays and penaeid prawn are also the part of 

main catch. Catfishes, Croakers, Pomfrets and Penaeid Prawns etc of demersal 

variety are available in this sub-region. 
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2.2 Marine Resource & Potential: 

In India, about a million people are involved in fishing operations. According to the 

estimate rriade by the working group constituted by Ministry of Agriculture, Government of 

India (GOI), the harvestable potential of marine resources from India's seas is 3.934 million · 

tones. But the level of harvest of Indian marine fish is around 2.8 million tonnes (DAHD, 

1998). The harvest data shows that the exploitation from deep sea sector is still very negligible 

and working group observed the possibility to enhance Indian marine fish production to 3.5 

million. An estimation ofthe depth-wise potential shows that about 58 percent ofthe resources 

are available in 0-50 meter depth, 35 percent in 50-200 meter depth and 7 percent in depths 

beyond 200 meter. Findings of working group regarding potential fishery resources are shown 

in table-2.1. 

Table- 2.1: Potential of fishery resources in the Indian EEZ at different depths: (in 
million tonnes) 

Depth range (m) 0-50 50-200 >200 Total 

Fish type 

Demersal 1.28 0.625 0.028 1.933 

Pelagic 1.00 0.742 0.246' 1.988 

Total 2.28 1.367 0.374 3.921 

percent total 58.1 34.9 7.0 100.0 

Source: Working Group Report revalidating potential of fishery resources in the Indian EEZ, DAHD ministry of 

Agriculture, 1998. 

The present marine fishing fleet is estimated to be about 237345 numbers (inclusive 

of 810 Fiber-gla$S Reinforced Polymer (FRP) Catamarans and 135 Beach Landing Crafts) 

consisting of traditional craft (1 04059 nos.), motorized traditional craft (74937 nos.) and 

mechanized boats (58349 nos.) which includes about 80 large fishing vessels of 21 meter 

overall length (OAL) and more (Marine Fisheries Census, CMFRI, 2005). As seen by the 

number of traditional craft and small-mechanized vessels, the major fishing activities are still 

concentrated in the areas within 0 to 70 - 80 meter depth zones. Trawling by larger vessels is 

confined to the northeast coast (Bay of Bengal). As compared to the west coast, concentration 

of traditional craft (Including motorized crafts) is more on the east coast (about 57 percent of 

the total). In the case of mechanized vessels, the trend is reverse. The scale of mechanization is 

also reflected in the total fish landings of the two coasts. 
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India's EEZ comprises different depth zones: 0-50 meters extending to 0.18 million sq. 

kms; 50-200 meters extending to 0.27 .million sq. kms; and 200 meters and beyond extending 

up to the limits of the zone, 1.57 million sq. kms. The fishable potential in unit area is 

considerably low in depths beyond 50 m (0.9 tonnes/km2
) compared to that in the inshore 

waters (12.2 tonnes/km2
). Also, the deep-sea fishing requires larger vessels (Overall length 

(OAL) > 17 m) with sophisticated fishing technologies involving high establishment and 

maintenance costs. Fish production has increased over the years with the motorization of 

traditional craft and introduction of mechanized boats in the traditional sector, as well as by the 

diversification of fishing effort beyond 50 meters depth. Exploitation of resources of about 

1.64 million tonnes of deep sea fishery can be done through technology intensive joint ventures 

deploying foreign fishing vessels. It is estimated that 0.5 million of tonnes or about 40 percent 

of the unexploited stocks in the deep sea are the tunas, which undertake transoceanic 

migration. 

Fishing effort around Andaman & Nicobar Islands and Lakshadweep Islands is 

negligible. Though these two groups of islands in the Bay of Bengal and Arabian Sea are 

located strategically to exploit oceanic pelagic fishery resources, no serious attempt has been 

made so far to develop a strong base for oceanic fishing. The resource potential of these islands 

in the Indian EEZ is estimated at 250000 metric tonnes and the present harvest is about 40000 

metric tonnes. 

2.3 Infrastructure & facilities: 

Marine fishery output largely depends on infrastructure and facilities available for . 

harvesting. Infrastructure includes post-harvest facilities for processing and marketing of fish 

and fish products. Fish being perishable product, it could not be harvested to its fullest 

potential unless backed by proper infrastructure facilities in order to reach the market place 

with adequate care and within appropriate time. It is clearly indicative that, in India, major 

efforts have been aimed at creation of landing and berthing facilities for fishing vessels in 

places along the coastline. Six major fishery harbours, 54 minor fishery harbours and 188 fish 

landing centres (FLCs) have been sanctioned in the tenth five year plan, of which 6 major, 38 

minor and 142 FLCs have been set up within 2004. It is estimated that there are about 378 

freezing and I 3 canning plants. About 52 Individual Quick Freezing Plants have set up to 

export seafood in value-added form. Processing of fish into canned and frozen products is 



entirely caiTied out for export market. There are 258 registered freezing units with a capacity of 

2,170 million tonnes, 23 canning units with a capacity of 84.5 million tonnes, 24 fish meal 

units with a capacity of 419 million tonnes, and 297 cold storage units with a capacity of: 

203,448 million tonnes per annum. Kerala has 112 boat building yards followed by 

Maharashtra having 32. 

As per Marine Products Export Development Authority (MPEDA)2 sources there are 

399 processing plants and 471 cold storage facilities in India. The following table-2.2 gives the 

state wise summary of list of approved units of European Union (EU). 

T bl 2 2 a e- . : a e-w1se summary o fth r t r e IS o approve d "t t EU um s o 
Maritime state pp PPa A Total 

Gujarat 11 20 31 
Maharashtra 5 24 1 29+1 

Goa 2 1 3 
Karnataka 6 1 7 

Kerala 53 17 23 70+23 
Tamilnadu 6 24 2 30+2 

Andhra Pradesh 42 2 42+2 
Orissa 9 1 9+1 

West Bengal 1 9 10 
Total 84 147 29 231+29 =260 

PP: Processing Plant; PPa: Processing Plant engaged in processing fully or partially farm 
raised materials; A: Exclusive Cold Storage facility for Fish & Fish Products. 
Source: MPEDA, Ministry of Commerce & Industry, Govt. of india 

India also has some non-EU approved but following Hazard Analysis Critical Control 

Point (HACCP)3 standards processing and cold storage units in the country. This sector has 

attracted a very high amount of investment, to the tune of about Rs.30 billion during the first 

six years of new millennium, ofwhich 23 percent is foreign investment. 

2 The Marine Product Export Development Authority (MPEDA) was constituted in 1972 under the Marine 
Product Export Development Authority Act 1972 by the Ministry of Commerce & Industry, Government of india. 
The role envisaged for the MPEDA is comprehensive - covering fisheries of all kinds, increasing exports, 
specifying standards, processing, marketing, extension and training in various aspects of the industry. 
3 The Hazard Analysis and Critical Control Point (HACCP) system was introduced approximately 20 years ago as 
a means to control food-related hazards. It is widely recognized that good hygienic practices (GHPs) form the 
basis or an integral part of HACCP. HACCP is a systematic preventive approach to food safety and 
pharmaceutical safety that addresses physical, chemical, and biological hazards as a means of prevention rather 
than finished product inspection. HACCP is used in the food industry to identify potential food safety hazards. 
(WHO/F AO, 2006) 
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2.4 Existing types of vessels in marine fisheries of India 

Fishing crafts are most essential tor catching the fish in large scale in water bodies. 

Indian fishers used the age old craft and gear evolved centuries ago. However, with the advent 

of new technologies, a gradual shift occurred towards the mechanized sector. No doubt, 

intensive efforts to develop the fisheries started after 1947. Then, in the mid and late 1950s, a 

few state governments, notably Tamil Nadu and Andhra Pradesh commenced mechanization 

with the collaboration and assistance of F AO and the Indo-Norwegian project. After that, 

trawling has become widespread all along the Indian coast and the number and size of trawlers 

has increased substantially. Trawling has emerged as the most important method for exploiting 

demersal fisheries resources (especially prawns and shrimps). Trawlers have become the main 

stay of the fishing sector and 50 percent of the total Indian catch comes from trawlers. Apart 

from trawlers there exist several other types of vessels in Indian Marine fishery. 

2.4.1 Brief Account of development of Indian Marine Fishing Vessels: 

Fishermen generally used dug-out canoes until the late 1960s. Because of the extended . 

continental shelf and calmer waters on the west coast dug-out canoes serve. the purpose. On the 

other hand, fishermen used catamarans because of the narrower continental shelf and high surf 

conditions on the south and south east coast. The crafts grew larger further up the east and west 

coasts because of the extended continental shelf and marine diversity. Traditionally, large 

beach seines were in use along most parts of the west coast and south east coast. In most part 

of the west and south-east coast, a variety of large drift and gill nets are used, which target 

different species. Hooks and lines were used mainly in the southern areas and these catamaran 

fishermen of the south west coast have been considered the most skilled on the globe. Until the 

end of the 60s none of these traditional craft were mechanized and the navigational skills ofthe 

small scale Indian fishermen, who in some areas made week long voyages, are acknowledged 

the world over. Like small scale fishers all over the world, the Indian fishermen over the years 

adopted fishing techniques that they came across during migration or through contact with · 

foreign traders. Adaptation was always tested over time and the evolution was therefore 

gradual and calculated. The fishermen used a variety of gear for different species in different 

seasons. Fish was landed in the home village whence the women took the fish to market, 

always keeping the best for home consumption. Fiber-glass reinforced polymer (FRP) boats 

were introduced in India in early 1970s, but did not become very popular due to high cost, lack 

of maintenance facilities and other problems (Sheshappa, 1998). However, during the late 

1970s and 1980s, FRP canoes become very popular and largely replaced the traditional 
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wooden canoes. Several other major technological transformations were witnessed in the 

Indian fisheries before the 1980s, all resulting from successive Five Year Plans. One of these 

transformations was the introduction of purse seines in the late 1970s on the west coast. These 

sophisticated gears were deployed by mechanized vessels and soon caught the bulk of the total 

catch, reducing the share of traditional fishers. 

As one of the planned objectives of Seventh Five Year Plan, motorization of crafts 

began in 1980s. India initiated deep sea fishing in 1972 with imported trawlers. By the early 

1980s, over 100 chartered vessels and joint venture deep sea fishing vessels were operating, 

mostly in the inshore grounds up to 50 m and rarely up to 100 m (Devaraj, 1995). This became 

a serious challenge to the age old traditional sector. In March 1991, the Central Government 

announced a Deep Sea Fishery Policy (DSFP) in order to make room for using large trawlers. 

This announcement actually helped foreign companies to enter into the Indian marine. But the 

large scale protest from the Indian fishing community compelled the government to withdraw 

the declaration and launched a commission of inquiry in 1994 to review this joint venture. 

However, the expansion of fisheries to new areas (i.e., deep sea and offshore) was 

realized through accelerated mechanization, mainly in the 1980s. Introduction of outboard 

motors brought about a revolution in traditional fishing. Motorization effectively reduced 

search time and hence, increased time spent at sea and made accessible previously untapped 

areas of high fish concentration (Sathiadas et al., J 995; Devaraj and Vivekanandan, 1999). 

However, it has been proposed that efforts to increase fish catches from deep waters under the 

help and efforts of the Union Government have not been successful to the expected extent 

(Mathew, 2003). Deep sea vessels require huge investments and the rate of return are Jess 

compared to those of fishing units (both mechanized and artisanal) operating in inshore waters. 

Even tuna long liners fetch better rates of return than other deep sea vessels, which mainly 

concentrate on prawns. Now the priority is shifting to sustain deep sea fishing by 

diversification of fishing effort to other resources and reduction of fishing pressure on the: 

penaeid shrimp (Sathiadas et al., 1995). 
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2.4.2 Types of Vessels: 

The types of fishing crafts of India falls under two general categories. These are non 

mechanized or artisanal and mechanized fishing crafts. The categories of fishing craft types 

comes under non mechanized are catamaran, dugout-canoes. plant built canoes, masula boat, 

built up boats. The mechanized crafts are line boats, trap boats, dol-netter, gill-netter, trawlers. 

Fishing vessels and gears used in Indian Marine Fishing sector are not of same types. 

Marine fisheries in India are characterized by a great diversity of marine resources (fishes, 

crustaceans, molluscs etc.), exploited by various types of fishing vessels and gears. Indian 

marine researchers categorized4 those into three distinct groups5 (CMFRI, I 980; Sathiadas et 

a!., 1995) with mechanized group divided into two sub-groups. They are 

I. Non-mechanized (artisanal) group using country craft with traditional 

gears 

2. a) Mechanized group using traditional crafts with outboard motors (OBM) 

b) Mechanized group using inboard motors (IBM) 

3. Deep sea fishing group 

1. Non-mechanized (artisanal) group using country craft with traditional gears: Owing to 

different sea conditions, different types of non-mechanized boats have been evolved on the two 

coasts of India. The most widely used traditional crafts on the east and the west coast are 

named, as Catamarans, Canoes, Plank built boats etc. The major gears deployed by artisanal 

vessels without any so11 of mechanical device are- Hooks and lines; Gillnets; Seines (from boat 

and shore); Bag nets; Traps etc. (Mohapatra, I 986; BOBP, I 990; Sathiadas eta!., 1995). 

(i) Catamarans: The simplest type of fishing crafts used in Indian Marine fishery is the 

Catamaran. This is created by a few curved logs of wood joined together forming a 

kind of floating raft, used along the east coast of India. Three variations are named 

according io the different maritime states: Coromandel type, Orissa or Ganjam type and

Andhra or Visakhapatnam type. 

4 Each of these categories (mechanized, motorized and non mechanized) has several subdivisions and numerous 
local names, specific to the respective states (Chandy, 1970c; BOBP, 1982, 1983b, 1984; CMFRI, 1988; BOBP, 
1990; Thirumilu et al., 1994; Chennubhotla et al., 1999; Pillai et al., 2000 
5 We here mention the grouping as suggested by researchers of CMFRI and others. But Mechanized group using 
traditional crafts with outboard motors (OBM) is practically a motorized craft. At the same time, boats under 2(b) 
and 3 are mechanized crafts capable of using modern technology in marine fishing. 
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Photograph of Non-Motorized boat (photograph taken by author at Namkhana, West 

Bengal) 

Photograph of Motorized boat with OBM (photograph taken by author at Kakdwip, 

West Bengal) 
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a. Coromandel type - It is made up of 3-5 Jogs and the accessory pieces and for 

rowing sails is added. Rowing sails regulate the movement of the raft. A 

variation of coromandel type with 7 logs is used to capture flying fishes of 

Nagapatnam called Kolamaram. 

b. Orissa or Ganjam type- It is made up of 5 Jogs which are not tied together by 

rope, but are pegged with wood. The planks are cut in a way that it takes the 

shape of a boat. This type is mainly used in the coastal water of Puri and 

Ganjam district of Orissa. 

c. Andhra type or Vishakhapatnam type: It is a variation of Orissa and Ganjam · 

type, but larger (5-7 meters long) and made of heavy wood. The woods used in 

fitting the sides are strong, median logs, generally used within 50 meters of 

depth. 

(ii) Dug-out canoes: A simple type of fishing craft for fishing within short distances 

from the coast is dug-out canoe. It is a small-sized canoe made by scooping logs of 

wood in the form of boat. The "Odams", "Thonies", "Vanchies" etc. of the southeast 

and south-west coasts of India are included in this category. In calm weather, oars may 

be enough for propulsion; but if winds and currents prevail, sails may be used. · 

(iii) Plank-built canoes: This is a larger variety of dug-out canoe and made of planks 

on the sides, largely used in maritime states such as Kerala. 

(iv) Masula boats: Masula boats are made of non rigid planks bind together with coir 

ropes and generally used alongAndhra coast. 

(v) Dhinghi: This is a type of boat designed and constructed for variety of purposes 

including fishing. It is more common in West Bengal. 

(vi) Outrigger canoes: This is a plank-built canoe provided with a single outrigger 

similar to the "rampani" boats. It is used for capturing fish of inshore waters of Bay-of

Bengal or Arabian Sea. 

(vii) Built-up boats: These carve! types of boats are built up of planks. The best types 

of built-up boats are seen in the north-east coast of India. This is the way how most of 

the boats made now-a-days. 
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Photograph of Motorized boat with IBM (photograph taken by author at Diamond 

llarbou r, West 8c_n_gill_) 

Photograph of Trawler (photograph taken by author at Sankarpur, near Digha, West 

Bengal) 
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2a) Mechanized group using traditional crafts with outboard motors (OBM)6
: Most· 

traditional crafts mentioned above, operating in different maritime states are modified to accept 

outboard engines of 5 to 9 hp7
, in order to increase their catching efficiency. The first set of 

outboards motors introduced was of 3 hp only and subsequently larger OBMs were introduced 

(Srivastava et al., 1991; Pillai et al., 2000). 

2b) Mechanized group using inboard motors (IBM)8
: These fishing vessels are generally 32 

ft to 51 ft OAL with 50-120 hp inboard motors. These are small trawlers (in all maritime 

states); Pair- trawlers (Gulf of Mannar and Palk Bay regions of Tamil Nadu); Purses seiners 

(south west i.e., Kerala, Karnataka, Goa & southern Maharashtra); Gillnetters (in all maritime 

states). The majority of the units exploit inshore waters down to 50 meter depth (Sathiadas et. 

al., 1995; Somvanshi, 200 I). With the advent of mechanization of the fishing crafts small and 

medium sized boats, I 0 to 15 m long. are constructed with engines operated by oil for 

venturing to distant coastal areas in search of fishing grounds. 

i) Dol netter: The dol-netters are used for operating the dol nets, which are basically 

fixed bag nets. The dol-netter varies form 8-14m in length, 1.5m to 3.6m in breadth and 

0.8m to 1.8m in height. The carrying capacity of each of such boats varies from 2-14 

tonnes. Generally these boats are fitted with 2-4 cylinder diesel engines. 

(ii) Gill netter: Vessels of almost any size can undertake gill netting. The numbers of 

nets used for fishing are adjusted to suit the size of the operating vessel. The vessels 

vary in length between 25 feet to 55 feet. The deck is so laid out that the gear can be: 

conveniently moved, with a clear passage from bow to stern so that the gear can be 

passed after hauling. This is a sophisticated type of fishing vessel which is used for 

fishing in inshore as well as off shore waters. 

(iii) Stern trawlers: Stern trawling is the most wide-spread method of fishing in India. 

The vessels range in size from 32 feet to 55 feet in length and may be fitted with 60 to 

120 horsepower engine and above. Vessels above 45 feet in length may also be 

constructed in steel. The most common deck layout is such that the wheel house is just 

forward of amidships with working deck aft. The winch powered by the engine is 

6 From now onwards mechanized group using traditional crafts with OBM will be termed as Motorized craft. 
7 hp stands for Horse Power 
8 Now onwards this group will be termed as mechanized crafts. 
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Photograph of Dol-Netter (photograph taken by author at Frazergunj, West Bengal) 

Photograph of Purse-seiner (photograph taken by author at Digha, West Bengal) 
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located behind the wheel house with the warps leading to the gallows located at the 

middle or sides of the stern, from which the otter boards hang. 

3. Deep sea fishing group: Vessels involved in deep sea fishing are of length (OAL) more· 

than equal to 25m (or OAL ~ 70 ft). Vessels are powered by the engine at least of 120 hp or 

more. The major types of fishing vessels: deep sea trawler (25 m OAL and used for catching 

prawns), deep sea tuna long liner (34 m OAL and used for catching tuna), deep sea 

multipurpose vessels (26 m OAL and used for catching both prawns and other fishes) 

(Sathiadas eta!., 1995). 

(i) Long Liners: Long liners and long line gear is highly targeted specific, non

destructive and can be operated with low power ·engines. Sails can be used for 

propulsion to reduce fuel consumption and environmental pollution. With some 

modification to their traditional fishing, skilled fishers can use this method. The 

operation can be semi automated by shooting the gear manually and hauling it back· 

with a mechanical device. It can also be operated in combination with a gill net, making 

it more cost effective. The use of long liners in Indian Marine Fishery is still very much 

restricted because of huge amount of operating cost involved . 

. (ii) Purse Seiners: The purse seiners use excess horsepower for propulsion beyond the 

actual requirement, and it uses up to four outboard engines of 90 hp which results in 

high fuel consumption without a commensurate increase in production. An engine 

power of less than 50 hp is sufficient for effective operations. Selectivity measures can 

be introduced in purse seines by using large meshed sections and escape windows in 

the bunt for excluding non-targeted species. The economic viability of smaller units 

should be highlighted. 

Among these three general groups stated above, non-mechanized vessels with gears of 

traditional design are concentrated in the shallow inshore coastal waters in depth range up to 

50 m and mechanized as well as deep sea vessels exploit the resources of deeper off shore 

waters (Chandy, 1970a; Jhingran, 1991). Each ofthese categories (mechanized, motorized and 

non mechanized) has several subdivisions and numerous local names, specific to the respective 

states (Chandy, 1970b; BOBP, 1982, 1983b, 1984; CMFRI, 1988; BOBP, 1990; Thirumilu et 

a!., 1994; Chennubhotla eta!., 1999; Pillai eta!., 2000; Bensam 1999a). 
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As compared to the west coast concentration of traditional crafts including motorized 

boats is more on east coast (53 percent of total). In the case of mechanized vessel the trend is 

reversed. Larger vessels (13- I 5 meters OAL) are replacing the smaller mechanized crafts (8-1 0 

meters OAL) thereby .increasing their endurance to fish farther and longer in the sea. Trawlers 

have become mainstay in the marine sector. Present contribution of mechanized and motorized 

vessel to total marine fish landing is about 87 percent and the rest is artisanal. North-West -37 

percent, South-West-32 percent, North-East- 10 percent, South-East-20 percent and A&N 

Island & Lakshadeep contributes I percent. Presently about 50000 traditional crafts have been 

motorized in the marine sector which is about 28 percent of total traditional fishing fleet of our 

country (Yadava, 2006). 

2.5. Indian Marine Harvest: 

We will now discuss Indian marine harvest situation with respect to different zones and 

different maritime states. As we have described earlier, Indian EEZ is divided into four sub

regions each having different number of states and union territories. Number of fishermen and 

boats being different in different zones, effort levels are also different. Hence, harvest level 

varies with zones as well as states. 

The special publication of CMFRI (NO- 89) contained data relating to marine fish: 

landing (actual and estimates) from I 985 to 2004. This publication gave harvest levels of 

different major catches in each maritime state from 1985 to 2004. We only furnish only a 

summary table (Table-2.3) below which shows total harvest of each maritime states and 

respective zones from 1999 to 2004. However, in order to have a detailed discussion on trends 

of Indian marine harvest for the period 1985 to 2004 we follow the data given in the said 

special publication. In this discussion we therefore, try to understand the fluctuations in harvest 

data with respect to fluctuations in major catch of a particular zone, if necessary. 
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Table-2.3: Marine fish production from 1999 to 2004 

Marine fish Marine fish Marine fish Marine fish Marine fish 
Maritime Maritime states Production Production Production Production Production 
Zones STATE/UT 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 * 

KARNATAKA 165650 175906 128415 180161 187000 
GOA 62110 67328 66550 72287 83760 
KERALA 575500 566571 593783 603286 608520 

South- LAKSHADEEP + 13600 12000 13650 7496 10030 
West zonal total 816860 821805 802398 863230 889310 
Zone (percentage) (28.83) (29.24) (28.36) (28.37) (30.23) 

MAHARASTRA 397900 402838 414268 386860 420010 
GUJRAT 670950 620474 650829 743638 609140 

North- DAMAN & DIU+ 15950 16382 21524 11258 13770 
West zonal total 1084800 1039694 1086621 1141756 1042920 
Zone (percentage) (38.28) (36.99) (38.40) (38.19) (35.46) 

ANDHRA 166480 182502 204940 248495 263930 
TAMILNADU 363000 367855 370998 371500 373000 
A&N ISLAND+ 28150 27618 27021 28228 31060 

South- PONDICHERY 38620 38950 39600 40105 42800 
East zonal total 596250 616925 642559 688328 710790 
Zone (percentage) (21.04) (21.95) (22.71) (23.02) (24.16) 

ORISSA 125940 121086 113893 115006 116880 
North- WESTBENGAL 180000 181000 184300 181500 181600 
East zonal total 305940 302086 298193 296506 298480 
Zone (percentage) (10.80) (10.75) (1 0.54) (9.92) (10.15) 
TOTAL INDIA 2833850 2810510 2829771 2989820 2941500 

Source: CMFRI, 2005 (*md1cates estimated value). F1gures shown m parentheses md1cate percentage of Jandmg 
of that zone to Indian total production in respective year.(+ please see discussion in 4.3) 

Landing data reported by CMFRI and shown in the above table reveal that total marine 

fish production of India during I 985 to 2004 has increased from I .52 million tonnes to 2.58-

million tonnes registering a peak of 2.69 million tonnes during I 997. The total landing 

declined to about 2.3 million tonnes in 200 I. This is mainly due to a 32 percent decline in 

landing of Gujarat. From 2002 production has increased and revolved around 2.55 million 

tonnes due to increase in landing in WB, OR & AP. Production of pelagic fish (oil sardines, 

lesser sardines, Bombay Ducks, mackerel, ribbonfish, carangids, seer fishes) resources 

increased from 7.7 lakh tonnes in I 985 to 13.8 lakh tonnes in 2004 with a peak of 1.39 million 

tonnes in 2003. In Indian marine fish landing, pelagic fish landing fluctuates with high inter

annual variation. The landings of ribbon fishes and carangids have decreasing trend. Landings 

of demersal fish (elasmobranches, catfishes, perches, pomfrets, silver bellies, flat fishes, 

penaeid & non-penaeid prawns, crabs and cephalopods) range from 7.5 lakh tonnes in 1985 to 

1 1.5 lakh tonnes in 2004 with a peak of 13.5 lakh tonnes in 1998. The landing o( 
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elasmobranches, catfishes, silver bellies soles croakers and non-penacid prawns have shown 

declining trend (ICAR, 2005). 

Marine fish productions 111 different maritime states are shown graphically in the 

fo ll owing bar-chart (Figure-2.1) 

Figure-2.1 : State-wise marine fish production for the years from 1999 through 2004 
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The south west zone is characterized by sudden jump in production after a period of 

stabilization. In this Lone total landing varied lrorn 4.8 lakh tonnes in 1985 to 8.89 lakh tonnes 

in 2004 with a maximum of I 0.18 lakh tonnes in 1989. Goa shows an increasing trend in 

production of marine fisheries. This region has a predominance of pelagic resources. Ring 

seine is mostly used for catching fish in this region. Oil sardine landing reached all time high 
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of 3.4 lakh tonnes in 2003. Declining trend of catching sharks, white baits, carangids, 

mackerels and ribbon fishes is also reported. 

In the north - west zone, in Maharastra the marine fish production fluctuate around 4 

lakh tonries and maximum in 4.2 lakh tonnes in 2003-04. In Maharastra landing of Bombay 

duck remained more or less unchanged at 28000 tonnes for the last three years. In Gujarat 

landing steadily increased upto 7.4 lakh tonnes in 2003 but then it is declined to 6 lakh tonnes 

in 2004. Pelagic resource landing fluctuated from 2.61 lakh tonnes ( 1985) to 2.89 lakh tonnes 

(2004) with maximum as 4.2 lakh tonnes in 1997. In Gujara~ the landing of Bombay duck has 

decreased to 40000 tonnes in 2004. In both states ribbon fish landing registered high growth 

and reached its peak in 1997. Landing of carangids in Maharastra is between 10000-20000 

tonnes. In Gujarat it is still increasing. Same trend can be seen for seer fish. The mackerel 

landing, the bulk of which was from lower Maharastra coast was quite increasing with

oscillating trend and reached a peak of 38000 tonnes in 1996. The landing plummeted to 9600 

tonnes in 2004. Demersal fish development is spectacular in this region which registered an 

eight-fold increase in the landing from 0.85 lakh tonnes to 7.1 lakh tonnes in 1998. This is 

because of increase in production in Gujarat (!CAR, 2005). 

In the south-east region, the single largest contributor for marine fish production of 

Andhra Pradesh a·nd Tamilnadu are the oil sardines. The trend of catching oil sardines are also 

increasing in this region. Mackerels, ribbon fishes, and other demersal fishes show a declining 

trend in Tamilnadu. Also the declining resources of lizard fish, threadfin beams, silverbellies 

and goat fishes are a cause for concern in this region. 

In the north-east region landin-g increased from 70 thousand tonnes in 1985 to 2.94 lakh 

tonnes in 2004. This increase is from approximately 4 percent to I 0 percent. Total landing in 

West Bengal increased from 23 thousand tonnes in 1984 to 1.8 lakh tonnes in 2004. The state 

Orissa also shows an increasing trend with a peak of I .26 lakh tonnes in '99-2000. Hilsa shad, 

seerfishes, croakers, pomfrets are the major contributors in this region (I CAR, 2005). 

The estimate of region-wise production showed that the north-east region, comprising 

West Bengal and Orissa coasts contributed 13 percent to the total production. South-east region 

consisting of Andhra Pradesh, Tamil Nadu and Pondicherry coasts contributed 22 percent. On 

the west coast, the north-west region comprising Maharashtra and Gujarat coasts contributed 
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30 percent of the total, whereas, the south-west region comprising Kerala, Karnataka and Goa 

coasts contributed to the maximum of 35 percent. The estimated marine fish landings of Kerala 

during 1988-2005 with an average catch of 5.74 lakh tonnes. Among fin-fishes, pelagic 

resources accounted for 73 percent and demersal 14 percent. Crustacean resources accounted 

for 9 percent while cephalopods formed 4 percent of total catch in Kerala. Pelagic resources 

were mainly constituted by ojl sardine, mackerel, carangids, tunas, ribbon fishes and seer 

fishes. Demersal resources were dominated by threadfin breams and soles. Among crustaceans, 

penaeid prawns were dominant. Cephalopods (mainly squids. and cuttlefishes) are also part of 

the major catch. In Kerala the mechanized sector contributed 44 percent, motorized 54 percent 

and the rest 2 percent was by the artisanal sector. In the mechanized/motorized sector, among 

various gears, ring seines contributed 50 percent, trawls 26 percent, gill nets and hooks & line 

18 percent and other gears (such as boat seine, purse seine) 4 percent. Trawl landings were 

dominated by penaeid prawns, cephalopods, threadfin breams, ribbon fishes, lizard fishes, 

anchovies and elasmobranches. The Long Term Potential Yield (LTPY) and Average Long: 

Term Yield (AL TY) of marine fish landings of Kerala was estimated as 6.63 lakh t while the 

average yield as 5.74 lakh t indicating scope for increase in landings (ICAR, 2005). 

More recently, the annual reports from different zones reveal that the estimated marine 

fish landing of Tamil Nadu was 4.2 lakh tones during 2005. The catch increased by 14.7 

percent from that of 2004. Mechanized trawlers contributed 46 percent to the catch. Pelagics 

formed 53.9 percent, demersals 29.6 percent, crustaceans 8 percent and molluscs 2.7 percent of 

the total landings. The landings of pelagics increased by 21.6 percent, while molluscs and 

crustaceans recorded a fall by 18.8 percent and 6.6 percent respectively. Among the pelagics, 

sardines dominated the landings followed by carangids. Among the demersals, silverbellies 

were dominant followed by perches and elasmobranches. Molluscan catch was dominated by·. 

cephalopods, whereas prawns and crabs contributed mainly in the crustaceans landings. The 

marine fish landing for Pondichhery is continually increasing. The catches of sardines, 

mackerel, ribbonfish, nemipterids, lizardfish and goatfish decreased, while seer fish, sciaenids, 

pomfrets and elasmobranches increased. The trawls were the major gear contributing 44.8 

percent followed by gillnets (33.1 percent), seines (13.3 percent) and the hooks and line (7.0 

percent). The major pelagic resources supporting the fishery of Andhra Pradesh were sardines, 

seer fish, ribbonfish, anchovies mackerel and tunas. In Karnataka, the estimated monthly 

marine fish landings of the State varied between June and October. The annual catch shows 

some increase as compared to that recorded in 2004 (MFIS, 2005). Pelagics dominated the 
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landings with 63.9 percent, followed by demersal finfish (20.4 percent), crustaceans (11.6 

percent) and mollusks (3.5 percent). In Goa, the estimated niarine fish landings was 

contributed by pelagics which dominated the landings with 89.4 percent, followed by demersal 

finfish (9.0 percent), crustaceans (1.5 percent) and mollusks (0.2 percent). in Gujarat, The 

estimated marine fish landings was increased compared to previous year. The pelagic landings 

were estimated as 1.66 lakh tonnes forming 36 percent of the total production. The demersal 

resources contributed 35 percent, followed by crustaceans 22 percent and cephalopods 7 

percent (ICAR, 2005). 

2.6 Manpower Employment: 

The manpower employed in India in active marine fishing (harvesting operation) alone 

is currently estimated at I 025 million. The pre- and post-harvest operations in marine fisheries 

including the internal and external marketing provide employment to another 1.2 million 

people. On an average, a quantity of 5 kg marine fish produced, gives employment to about 2 

persons, one in the harvesting and another in the post-harvest sector. The manpower employed 

in active fishing in the mechanized sector is estimated at 0.2 million people, which includes the· 

0.15 million fishermen engaged in the trawl fisheries alone and the remaining 0.05 million in 

gill-netters, dol-netters, purse seiners and others such as sona boats, and deep-sea fishing 

vessels. The motorized sector employs 0.17 million people in active fishing, 66 percent of 

them are engaged in the operation of ring-seines, mini-trawls and gillnets. The motorized 

dugout canoes, catamarans and plywood boats provide employment to about 58 000 persons in 

active fishing. The non-mechanized sector provides the maximum employment to 0.655 

million people where 0.27 million people are engaged in catamarans, 0.2 million in plank-built 

boats and the rest in dugout canoes, masula boats and others (Bhattal, 2006) .. 

There is larger role of women in post-harvest operations in Indian marine fishery. Even 

though women are not involved in active fishing in marine fisheries, they contribute

substantially to the pre- and post-harvest operations. About 25 percent of the labour force in 

the pre-harvest activities, 60 percent in the export marketing and 40 percent in the internal 

marketing is women. Altogether, about 0.5 million women are employed in pre- and post

harvest operations in the marine fisheries sector, out of the total work force of 1.2 million 

persons. It is estimated that for every fishermen engaged in primary fishing activity about four 

others are getting additional employment by way of post- harvest operations, fish marketing 

and a host of other allied activities. The per capita consumption of fish in the country is low, 
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only 5 kg per annum as against the world average of 12 kg per annum and Japan's average of 

86 kg/capita. The fishermen's share in the consumer rupee is the best index to measure the 

efficiency of the fish marketing system. Marketing studies at the all-India level indicate that 

the fishermen's share in the consumer's rupee ranges from 30 percent to 60 percent for 

different species/groups of marine fish and marketing cost, including transportation range from 

6 percent to 13 percent of the consumer's rupee. The wholesalers receive 5 percent to 32 

percent and the retailers from 14 percent to 47 percent of the consumer's rupee for different 

species/groups of marine fish. In the domestic marketing system, marine fish sales used to be 

mostly confined to the coastal and adjoining regions in the past. Currently, about 50 percent of 

fish is consumed fresh in and around the producing centres, 43 per cent in the demand centres 

located up to a distance of 200 km fro~ the coast and only 5 per cent goes to the centres 

located beyond 200 km (Bhattal, 2006). 

Many studies on man-power employment in marine fisheries suggest that there is 

enormous scope for improving the distribution process through enhanced private investment in 

the preservation, processing and transportation sectors of the domestic marketing system under 

the liberalized economic policies. The quantity of about 30 percent of the total landings, which

are processed after they become unsuitable for fresh consumption, suggests good scope for 

market development of value-added products for domestic consumption. (Srinath, 2003) 

2.7 Management oflndian Marine Fishery: 

Marine fisheries, as we know, are a renewable natural resource for continuous 

exploitation. However, this may be done if it is scientifically managed. Sustainability of a 

renewable resource can be achieved only if the exploitation carried out through a planned and 

regulated manner. Starting as an avenue for food and livelihood, fisheries now became a full 

fledged industry. Three most important considerations in fisheries management are 

(i) Conservation of fisheries resources, 

(ii) Protection of fish habitats and 

(iii) Employment and welfare to fisher-folk. 

Many researchers observed the absence of constructive legislation, effective fisheries 

management policies and programmes and concluded that proper remedial measures are yet to 

be conceived and implemented. It is also said that, given India's marine resources, growing 

fisher-folk population and fleet size, lack of coordination between maritime states is a major 

cause for concern. Many opined that sustainable marine fisheries are in the long run the best 
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protection for coastal communities and for future generations. The present scenario suggests 

that the current level of marine fish production from the exploited zone has to be sustained by 

closely monitoring the landings by strictly implementing the scientific management measures .. 

Following the Indian constitution it can be stated that control and regulation of fishing 

and fisheries within territorial waters is in the jurisdiction of the state, whereas beyond the 

territorial waters, it is the exclusive domain of the Union. Therefore, management of fishery 

exploitation in the Exclusive Economic Zone (EEZ) requires close coordination between the 

centre and the states. There is still an absence of a legal regime to manage fisheries operated by 

Indian nationals using vessels of Indian origin in the Indian exclusive economic zone beyond 

territorial limits. Indian government has established Marine Fishing Regulation Act (MFRA), 

which is based on a model piece of legislation prepared by the Ministry of Agriculture, 

Government of India, more than two decades ago to protect the interests of different sections of 

persons, especially those engaged in fishing with traditional fishing craft, as well as to 

conserve fish and to regulate fishing on a scientific basis. It is also there to maintain law and 

order in marine environment. Since fishing resources are there for harnessing, thus the act was 

drawn up at a time when coastal fisheries were mainly divided into mechanized and non

mechanized fishing units and when there were tremendous conflicts between the two sub-: 

sectors over access to fishing space and resources, sometimes leading to destruction of life and 

property. The inter-sectoral conflicts were so prevailing that it was important to set up an act to 

prevent them. There are no legal mechanisms available to address all aspects of fisheries 

management. Recent trends in both artisanal and small-scale fisheries in the country have been 

alarming and indicate the need for implementation of rigid management programmes. In fact, 

such management for the coastal marine fisheries is long overdue. 

2.7.1 Present situation: Problems & challenges 

At present, Indian fishery is at crossroads. Several studies identified that the main areas 

of concern in current day Indian marine fisheries are stagnation of total yield, dwindling 

catches of high value fishes, reduced earning, increased cost of operational resources; depletion: 

and, in case of certain species; overexploitation (Yadava, 2006). These are being compounded 

with juvenile catches, gradual initiation of destructive fishing gears. Impacts of all these on 

general fishing activities lead to overall problems relating to inefficiency in marine fishery. 

There are also issues such as the result of pollution & other anthropogenic interventions, 

marginalization of small scale fishers, open access system, conflicts of fishing in national and 
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international waters, problems relating to closed seasons, ban on certain fishing activities and 

licensing of foreign vessels. Besides, there are problems of shifting from open access to 

regulated mode of fishing & also the unavailability and paucity of informed management 

regime. 

Many experts suggest that, effective management of the vast fisheries resources and the 

fishing fleet, a mechanism for Management, Control & Surveillance (MCS) needs to be in 

place. According to their suggestion, the MCS would incorporate the requirements of a Vessel . 

Monitoring System (VMS) in general and specifically aimed at the fishing vessels above 20 . 

meter OAL. The MFRA enacted by the coastal State Governments and the Maritime Zones of 

India provides the prohibition of the Foreign Fishing Vessels in the areas earmarked for the 

traditional and small-motorized fishing crafts. For monitoring the fishing activities to be 

carried out in different assigned fishing zones by respective fleets, 30 patrol boats were 

provided to the fisheries department ofthe different maritime States in 2004. The Coast Guard 

undertakes surveillance beyond the territorial waters. The resources monitoring surveys 

conducted by the Fishery Survey of India (FSI), Mumbai are being linked with the 

management measures to be evolved and applied for sustainable development of marine 

fisheries. However, at present there is no law to regulate the Indian owned fishing vessels 

operating in waters beyond the territorial limits. 

With regard to the difficulties in development and management of its Marine fishery 

resources of India, experts indicated a host of reasons (Bhattal, 2006). The Indian subcontinent 

covers a vast region with long coastlines and different ecosystems, both on land and in the sea. 

The fishery resources are diverse, as are the fishery technologies and systems. Artisanal and 

small-scale fishermen operate from thousands of landing places dispersed along the coast and 

live within socially and culturally disparate communities. Marine fishery management and 

controls being in the concurrent list, the policies, programmes and approaches regarding 

management differ with state to state as well as with the union government. Today's Indian 

marine fisheries face challenges and problems in achieving the kind of sustainability that will 

assure its long term survival. The marine fisheries of India were not controlled in their initial. 

phase; and insufficiently managed in the subsequent phases. Given this, the transition from the 

fully exploited to the overexploited phase in certain zones or for few specific species has 

. occurred rapidly. This is something which cannot be accepted for long run sustainable resource 

management. The existing situation calls for an in-depth evaluation of the current state of 
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affairs and take immediate measures, in order to avoid further aggravation of the situation. 

There are· additional problems that endangered marine fishery are habitat degradation, water 

pollution and bioaccumulation of persistent .organic pollutants as well as illegal fishing. It is 

alleged that there is no coordination between different maritime states, although vessels are 

increasingly migrating into the waters of adjacent states. Many studies observe that, since the 

pressure of over fishing is felt most acutely within territorial waters, the most important 

requirement towards conservation and management would be to reform the state-level 

conservation and management regime. The basic common problems of Indian marine fishery 

has three different aspects- i) issues related to Open access, ii) issues related to . 

Overcapitalization and Overcapacity and iii) issues related to Over-fishing or Overexploitation. 

Let us discuss each of these situations in brief. 

i) Issues related to Open Access 

The most important characteristic of marine capture fisheries is that the 

resources are a common property, the access to which is free and open. The sustained 

increase in the demand for seafood and the commensurate rise in prices have 

increasingly encouraged the induction of more manpower and fishing vessels with 

improved catching efficiency into the traditional as well as the new fishing grounds 

over the years. The open access nature of marine capture fisheries is one of the major 

reasons for depletion of few select species and conflict among user groups. With an 

open access, no catch limits have been set on effort or the catch. It is already reported 

by different studies that gear employed for exploitation of demersal resources, 

particularly the bottom trawl, is being used excessively. The trawl-able biomass 

appears to be overexploited and a reduction in the trawl effort is necessary to sustain 

the demersal fishery. On the other hand, the gear employed for the exploitation of 

pelagic resources is either underused or not used at all. Hence open access regime has 

created two contradictory situations: a) overexploitation leading to near depletion of 

certain species in certain inshore areas and b) under achievement of potential yield in 

off-shore waters (Somvansi, 1999). 

ii) Issues related to Overcapitalization and overcapacity 

Fishing capacity is the ability·ofa vessel or fleet ofvessels to catch fish. Fishing

capacity (capacity output) can be expressed more specifically as the maximum amount 

offish catch over a period of time (year, season) that can be produced by a fishing fleet 
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if fully utilized, given the biomass and age structure of the fish stock and the present 

state of the technology. Capacity utilization can be defined in this context as the ratio of 

actual output (catch, landings) to some measure of potential output (capacity output) for 

a given fleet and biomass level. Fishing capacity can be expressed alternatively in 

reference to fleet characteristics or as the ability of a fleet to generate fishing effort. 

Overcapacity can be defined as a situation where capacity output is greater than target 

output. The maximum potential catch in fisheries is the maximal or expected harvest 

that fishing effort is capable of producing given the observed capital stock, other vessel 

characteristics, the state of technology, and the resource stock (Kirkley and Squires, 

1999). Fishing capacity is the ability of a vessel or fleet of vessels to catch fish. 

Specifically, fishing capacity is conceived as the maximum available capital stock in a 

fishery that is fully utilized at the maximum technical efficiency in a given time period 

given resource and market conditions. Capacity reduction then becomes reduction of 

the capital stock in a fishery or fleet. Capital utilization (CU) captures how much ofthe 

existing capital stock is being used and capacity utilization provides information about 

short-run versus long-run equilibrium and economic incentives for investment and 

disinvestment. Capital utilization has been defined as the ratio of the desired capital 

stock (given output quantity and input prices) to the actual capital stock (Berndt, 1990; 

Fare et. al., 1994). An alternative definition of capital utilization is the ratio of capital 

services to the stock of capital (Schworm, 1977; Hulten, 1990). The discussion of 

capacity and capacity utilization in the literature is often actually of capital and capital 

utilization, so that the primaries focus is the optimum utilization of capital. This

concept are same as available fishing eff011, effort capacity, harvest capacity, maximum 

effort utilization, maximum potential effot1, and potential fishing capacity in the 

fisheries literature. 

Excess capacity creates a number of problems. It generates intense pressure to 

continue harvesting well beyond the point of sustainability. With revenues spread 

among many vessels operating under little or no profits, reductions in fleet size become 

politically and socially more difficult. Vessels are more vulnerable to changes in the 

resource base and regulations when they are only marginally viable because of excess 

capacity. Excess capacity encourages inefficient allocation and constitutes a major 

waste of economic resources. Then over investment occurs and an excessive amount of 

variable inputs are used. Excess capacity may also complicate the fishery management· 

process, particularly in regulated open access as in India, frequently leading to micro-
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regulation. Excess capacity substantially reinforces the increasing tendency for 

management decisions to become primarily allocation decisions, i.e. decisions about 

the gainers and losers of wealth and profits (or losses) from alternative management 

choices over an over-fished or even declining resource stock. 

With the advent of new technology and comparatively easy way of livelihood 

more fishers stepped into the marine fishing industry along with their many more 

vessels. As a result the current catching capacity of the fishing fleets in Indian waters 

far exceeds that required for biologically sustainable catches from most commercial 

stocks at depth down to 100 m (Devaraj and Vivekanandan, 1999). Introduction of 

mechanized boats and motorization of traditional boats have caused extended fishing 

operations. This has also increased the fishing pressure beyond recovery of certain. 

standing stocks and depletion of resources is noticed in many fisheries. It is therefore of 

grave concern that there is an ongoing policy to still expanding the fisheries sector. 

Although the expansion plans are for deep sea sector (i.e., waters beyond 200 m) and 

sustainability is emphasized (001, 1997, 2002), but no firm steps were purposed by the 

government to reduce the existing overcapacity. 

iii) Issues related to Overexploitation 

Overexploitation in Marine fishery is a common phenomenon all over the 

world. Many international agencies expressed their concern and recommended strong 

monitoring policy. India is not an exception in this regard. Studies of FAO and other 

Indian agencies like CMFRI reveal many such facts of overexploitation in Indian: 

marine fishery. According to such studies, active fishing with synthetic fibers, 

propulsion with outboard motors and modification of craft and gears including 

indigenization of fishing techniques such as mini purse seine and mini trawling have 

contributed to over fishing. Landings have considerably eroded over the years. Several 

fish stocks are being over-fished. The fish production from near-shore waters (up to 

about 90 meter) has reached its optimum yield levels and has been stagnant for some 

years leading to pressure on the coastal fin and shellfish resources and regular conflicts 

between traditional and mechanized sectors. Increase in fishing by the mechanized 

sector which has led to large scale destruction of egg bearing and juvenile fishes. The 

loss in terms of harvest of juveniles is very substantial. Trawlers and Ring seiners cause 
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max1mum destruction of juvenile population followed by m1m trawlers and purse 

seiners (Yadava, 2005). 

Existing intra and inter fleet competition have driven the resources to over 

exploitation. Overexploitation/ over-fishing imply excess effort to catch more fish. This 

'excess' can be done in three ways (i) growth over-fishing, (ii) recruitment over-fishing 

and (iii) economic over-fishing." 

Different sectors of fisheries in order to take advantage of their catches use 

smaller meshes. Thus, small fishes dominate catches and lots of juveniles and eggs are 

damaged. This is called growth over-fishing because fish are caught before they had a 

chance to grow (Pauly, 1994c). One of the reasons for juvenile exploitation is that 

commercially exploitable quantities of prawns/shrimps occur in habitats that are also 

utilized by large number of juvenile fish. For example, the area covered by trawl nets 

for prawns in coastal waters of western India usually yield only nearly 16 percent of 

prawns, while the rest of catch comprise fin-fishes or benthic organisms, with 

significant amounts of juveniles fish and fish eggs (Menon, 1996). Besides, there is a 

considerable price difference between fin-fishes and shrimps, which bring far more 

revenue than other resources. This continues to retain a strong fishing pressure on the 

overall stocks. So, in order to hang on to as much as possible, mesh sizes are further 

reduced. So, in this form of growth over-fishing destabilizes multi-species resources 

and causes massive changes in species composition (Pauly, 1994a). Moreover, smaller 

mesh sizes catch larger numbers of small sized fishes. For the duration of long trip, 

these fishes are often rejected because of shortage of space or ice, which are preferably 

dedicated to shrimps. 

Similarly, recruitment over-fishing occurs when a fishery is impaired because 

very few adults are left. It has been also observed in many fisheries of India. Such over

fishing occurs when the collective productiveness of exploited stocks is low. Economic 

over fishing, occurs when fishing effort surpasses than needed to maximize the 

economic payment from the fishery (Clark, 1990; Pauly, 1994b, c). It has also been 

stated in various reports from the coastal fisheries of India. 



2.7.2 Present Marine Fishing Policies: 

Present marine fishing policies are formulated on the basis of mainly two acts, namely, 

Indian Fisheries Act (1897) and Marine Fisheries Regulation Act (MFRA) (1978). While the 

several provisions of the first one help to formulate the policies related to protection of 

fisheries against explosives, the second one provides guidelines to maritime states to enact 

laws for regulating fishing in the territorial waters. This MFRA (I 978) stipulates regulations on 

mesh size, gear reservation of zones for various fishing sectors, declaration of closed seasons 

etc. This act empowered rJ?.aritime states to frame or to amend laws time to time. However, the 

Indian marine fishing policies can not be structured only on the basis of the guidelines 

provided by these two acts. Other relating acts on environment protection, preservation & 

conservation of water and its pollution, port & shipping, wild life protection, forest 

conservation etc. have direct implications on marine policy. Therefore, all such related acts and 

statutory obligations are also considered while declaring the marine fishing policy. Thus,_ 

Indian Marine Fishery Policies are seriously influenced by several enactments under four 

major ministerial jurisdictions of shipping, agriculture, environment and forest. Even the 

enactments like coast guard and maritime zones which are under the ministerial jurisdiction of 

defense are highly relevant with regard to policy framing of present marine fishing of India. In 

fact, the territorial waters, continental shelf, exclusive economic zone and other maritime 

zones act, 1976 which falls under the Ministry of Defense has paramount importance in India's 

marine fishing policies. 

Present maritime fishing policies took its final shape following the recommendations of 

Murari Committee (I 993) which was constructed at the time of agitation of fishers'. 

Government had accepted all the recommendations ofthe said committee in September, I997. _ 

Since then renewal, extension or issuance of new licenses and permits for fishing jointly with 

foreign chartered vessels were stopped. It is now the declared policy that all licenses or permits 

for fishing should be made public and copy must be available in the office of the registered 

authority so that it can be accessible for inspection. The existing government policies also 

debarred any vessel above 20 meter length within the areas being exploited by fishermen with 

traditional craft or mechanized vessel below 20 meter length. On the West Coast, the distance 

from the shore upto 150m depth line or IOO nautical miles, whichever be further is restricted 

for all vessels of more than 20 m length except few mentioned specifically in the guidelines. 

On the east coast, however, Indian vessels below 20 m size would have exclusive access up to 
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100 m depth or 50 nautical miles from the shore whichever is farther except few relaxations. 

The authority to define depth zone and also to determine the distance is rested on National 

Hydrographic Office or Coast Guard or Fishery Survey oflndia. 

In the area open to the vessels above 20 m length, resource specific vessels for tuna and 

tuna like fishes, squids and cuttle fish, deep sea fin-fish in mid-water or pelagic regions and 

oceanic tuna may be allowed for exploitation by tuna long lining, tuna purse seining, squid 

jigging and mid-water trawling, provided these are defacto Indian9 owned registered vessels. 

The fleet size for different fishing grounds may be fixed taking into account of the 

maximum sustainable yield and the need for conservation of resources. 

9 The Indian owners should account for at least 51% debt as well as equity. 
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Chapter 3 

Measurement of Efficiency & · 
DEA: 

A Review 
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3.1 Introduction: 

Decision making is a very important facet of management. Operations research 

provides appropriate optimizing tools and techniques which can help managers to take the best 

decisions. A decision is said to be 'the best', if it helps an economic unit or organization to 

achieve the optimal level of performance. When an organization operates at this optimal level 

of performance We define it as 'efficient'. A key factor of business sustainability is the 

'efficient performance' of that organization. In this respect, the performance measurement 

becomes essential to understand the extent of achievement attained by the organization. Any 

operation at sub-optimal level gives birth to inefficiency that implies wastages of resources and 

makes the system economically vulnerable. In the long run, this inefficiency does/not only 

make the existence of that particular system/organization at stake but it also reduces the social 

well-being at macro-economic level. Traditionally, evaluation of performance of any 

organization suggests measure in the form of a ratio of output and input, like cost per unit, 

profit per unit etc. these are commonly considered as measure of efficiency. Even the measure 

of productivity is a ratio like 'output per unit of time' or 'output per worker employed' etc. 

These measures are known as 'partial productivity' in the literature. But for 'total factor 

productivity' measure we have to take into account all inputs and all outputs to obtain an 

output-to-input ratio. There are two difficulties that we face to obtain 'total factor productivity' 

measures: i) choosing the inputs and outputs to be considered, and ii) what should be the 

weights to be attributed to different inputs and outputs in order to obtain a single ratio. Further, 

since the measurement of efficiency involves niarket-driven factors (economic factors), 

technical aspect of production process and allocative problems etc, the measurement of 

efficiency should be of different types. Farrel's (1957) work on 'Measurement of production 

efficiency' is a pioneering one in this respect. So far the economic activity is concerned; 

measurement of efficiency implies assessment of performance of industries or individual firms 

in using real resources to produce goods and services. An efficiency measure should reflect the 

difference between actual performance and potential performance. Better the utilization of 

inputs/resources in the production process, the better is the efficiency. Efficiency can be 

considered in terms of the optimal combination of inputs to achieve a given level of outputs (an 

input orientation), or the optimal output that could be produced given a set of inputs (an output 

orientation). 

57 



The following figures 3.1 & 3.2 explain the input oriented and output oriented 

efficiencies. Input oriented efficiency measure is defined as less the input used per unit output 

( ){ or ){ ) better is the efficiency. Thus, the figure 3 .I shows efficient frontier as convex. 

Figure 3.1: Input oriented efficiency 

Q 

R 

0 R' 

Inputs: X1, X2; output: Y; RR': iso-cost line; 
QQ': Production possibility frontier; AB: level of inefficiency; 
(OB/OA): Technical efficiency; (OC/OB): Allocative efficiency; 
(OC/OA): overall economic efficiency or cost efficiency 

towards the origin. On the other hand output oriented efficiency measurement is defined as 

more the produced output per unit of input ( YYx or YYx ) better is the efficiency. Hence the 

figure 3.2 shows that the efficient frontier is concave towards the origin 
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Figure- 3.2: Output oriented efficiency 

R 

0 

Input: X; outputs: Y1.Y2; RR': iso-cost line; 
QQ': Production possibility frontier; AB: level of inefficiency; 
(OA/08): Technical efficiency; (OB/OC): Allocative efficiency; 
(OA/OC): overall economic efficiency or cost efficiency 

R' 

However, on the basis of Farrel, it has been shown that, in order to attain overall 

economic efficiency, the firm must be technically efficient, input allocative efficient and output 

allocative efficient (Kumbhakar & Lovell, 2000). 

Technical efficiency (TE) deals with the usage of labour, capital, machinery as inputs 

to p_roduce outputs relative to the best practice in a given sample of decision making units 

(DMUs). Given the same technology for all the DMUs no wastage of inputs is considered in 

producing the given quantity of output. TE is an indicator of how close actual production is to 

the maximal production that could be produced given the available fixed and variable factors 

of production. Technical efficiency also, however, may be an indicator of the minimum levels 

of inputs or factors of production necessary to produce a given level of output relative to the 

levels of inputs actually used to produce that same level of output. It is almost impossible to 

obtain an absolute measure of TE, and thus, TE is usually defined relative to some benchmark 

level. The benchmark is referred to as the "best practice frontier" and represents actual 

observed achievements in similar operations (Hire and Grosskopf 1998). Hence, TE is thus a 

relative measure and indicates how close the actual or observed production is to the production 

corresponding to the "best practice frontier" level of output. 
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Other than TE there are two more concepts of efficiency in production parlance. They 

are aJJocative efficiency (AE) and overall economic efficiency or cost efficiency. AE deals 

with the minimization of cost of production with proper choice of inputs for a given level of 

output and a set of input prices, assuming that the organization being examined is already fully 

technically efficient. Cost efficiency deals with combination of technical . and allocative 

efficiency. An organization will only be cost efficient if it is both technically as well as 

allocative efficient. 

Another simple approach for estimating technical efficiency has been to calculate the 

ratio of output to input (Dyson et al.). Recognizing that it is usually not possible to actually 

calculate technical efficiency, a relative efficiency measure is often constructed by dividing the 

observed output by input of one operating unit to that of a known efficient unit (Dyson et al., 

Beasley). Alternatively, efficiency has often been calculated by constructing simple output to 

single input ratios over time and then comparing those ratios over time to.determine maximum 

efficiency. A measure of technical efficiency should indicate whether or not a firm is operating 

along the frontier. Data Envelopment Analysis (DEA) is such a tool which decides about the 

benchmarks and improves efficiency. In recent years, there has been a growing interest in 

using DEA to assess technical efficiency & benchmarking. 

3.2 Data Envelopment Analysis 
. . 

Data envelopment analysis (DEA) is a new technique developed in operations research 

and management science over the last two decades for measuring produCtive efficiency. This is 

a nonparametric technique based only on the observed input output data of firms or decision 

making units (DMUs). After management has acknowledged the need of 'improved 

performance" DEA shows the way and provides the methodology of measuring performance 

improvement. DEA provides measures of competitive efficiency and is relevant in situations 

that contain a number of comparable units. The first step is to define the units (DMU's), the 

entities for which the performances are going to be measured. While defining the units, it also 

requires identifying the authority and limits of DMU's as well as its responsibilities associated 

with it, and also which resources are parts of it. Then comes the next impot1ant part of 

choosing the outputs through which the performance of the DMU's will be measured. Then the 

management has to decide upon the inputs, those determine DMU's achievements. The aim is· 

to account for everything that aids or hinders the production of the DMU's. And finally it 

requires choosing an appropriate DEA model to analyze the performance. The first task of 
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management after the DEA results have ·been interpreted is to ensure that the messages that 

emerge are accepted throughout the organization with a view to getting the approach accepted. 

DEA highlights the reasons for the good and bad aspects of the units performances- i) factors 

that contribute to it's efficiency rating or detracted from it, ii) a particular DMU's reference set 

(peer set) - a detailed qualitative and quantitative comparison with the reference DMUs. One 

of the most powerful pieces of information that is obtained by the DEA analysis is the set of 

target factor values for those units assessed as inefficient. These reference units can be used for 

efficiency estimation and performance benchmarking purposes. The input-output combination 

of the evaluated unit relative to that of the reference unit can be used for evaluating the 

efficiency of past operations and for assessing potential improvements for future operations .. 

The units that constitute the reference unit are potential benchmark partners. In addition, 

comparison of the production process of the evaluated unit with that of the benchmark partners 

exposes causes for past inefficiencies and suggestive remedies could be assessed. An 

assumption that is implicit in most DEA models is that higher amount of output is preferred 

over less and for the inputs less is considered better than more. All composite units that are 

dominated by other units, which ·produce more output with minimum or less input or 

alternatively consume less input for equal or more output, can be discarded as decision 

alternatives. Only non-dominated units have to be considered as potential reference units. The 

value of its contribution would depend upon how well the analysis is planned and how well the 

results are integrated with other elements of management information. 

Data Envelopment analysis (DEA) was first proposed by Charnes, Cooper and Rhodes 

(CCR) in 1978. It is a nonparametric method which assumes the production function as 

unknown. Based on Farrell (1957), the idea of the method is to assess efficiency by comparing 

each individual production unit against all other production units or possible combination of 

such, within its sample data. DEA involves solving a linear programming problem (LPP) 

where the solution provides a numerical account of a piecewise linear production frontier. The 

efficiency of each unit is calculated by comparing output and input use with points on the 

production frontier (best observed practice). If the production unit is on the frontier it will be 

assigned an efficiency score of 1, and a unit that is inside the frontier will be allocated an 

efficiency score smaller than I. Such production units are often referred to as DMU. Thus a 

DMU will be defined either efficient or inefficient according as the value is equal to 1 or: 

smaller than 1 respectively. In case the DMU is inefficient, it will be designated a value which 
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will show that ho~ far it is from the frontier in terms of potential reduction (increase) in its 

input (output) use. In addition to that mentioned above, a DEA study also provides: 

• A best practice frontier represented by a piecewise linear observed envelopment 

surface. The best practice units are those exhibiting the highest input (output) relation. 

• Specific objectives or efficient projections onto the frontier for each inefficient DMU. 

• An efficient reference set or peer group for each DMU defined by the efficient units 

closest to it. The peer DMUs are observed to produce the same or highe r level of 

outputs with the same or less inputs in relation to the inefficient DMU being compared. 

Initially, DEA was primarily concerned with evaluating the technical efficiency of DMUs. 

More recently DEA is being used to assess a wide variety of economic performance measures 

under various situations which include (i) measuring scale and allocative efficiency, (ii) single 

and multiple product capacity and capacity utilization, (iii) optimal input utilization, (iv) 

identification of peer or comparison groups, (v) setting benchmarks for technic"al change, and 

(vi) identification of discretionary, non-discretionary, and undesirable inputs and outputs, etc. 

Thus, DEA can be used to measure performance ofthe organization as a whole. 

In DEA, the organization under study is the DMU. The definition of DMU is very 

simplified to allow flexibility in using it over a wide range of possible applications. 

Generically a DMU is regarded as the entity responsible for converting inputs into outputs and 

whose performances are to be measured. To formally introduce the concepts behind DEA and 

frontier models, the activities of a firm are defined by a production set defined as P = { (x, y) I x 

can produce y}, which contains feasible combinations of inputs (x) and outputs (y). The set can_ 

further be described in terms of output feasibility sets, or input requirement sets (according as 

. output or input orientation). DEA deals with the pairs of input and output vectors (Xj, Y.i), U = I , 

... , n) ofn DMUs. Under DEA model, all data are assumed to be nonnegative but at least one 

component of every input and output vector is positive. This implies components are as semi

positive with a mathematical characterization given by Xj ~ 0, Xj i- 0 and Y.i ~ 0 & Y.i i- 0 for 

some j = 1 , ... , n. Therefore, each DMU is supposed to have at least one positive value in 

both input and output. A pair (x, y) of such semi-positive input x € Rm and output y € R5 is 

called an activity where components of each such vector pair is a semi-positive orthant point in 

(m + s) dimensional linear vector space having 'm' dimensional input vectors and 's' 

dimensional outputs vectors respectively. The set of feasible activities is called the production 
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possibility set and is denoted by P. DEA formulation postulates the following properties of the 

Production Possibility Set P (Charnes, Cooper & Tone, 2002) 

• The observed activities (~j, Y.i) U = 1, ... ,n) belong toP. 

• If kth activity (xk, Yk) belongs to P, then the activity (cxk, cyk) belongs to P for any 

positive scalar 'c'. This property is termed as the constant returns-to-scale assumption. 

• For kth activity (xk, Yk) in P, any semi-positive activity ( x, y) with x ;::::: Xk and y ~ 

Yk is included in P. That is, any activity with input no less than x in any component and 

with output no greater than y in any component is also contained in P. 

• Any semi-positive linear combination of activities in P belongs to P. 

Arranging the data sets in matrices X = (xj) and Y = (yj), we can define the production . 

possibility set P satisfying the above four postulates by P = {(x, y) I x ;::::: XI., y ~YI.., I.;::: 0}, 

where A is a semi-positive vector in Rn. 

The important thing is all the DMU's must be homogeneous i.e. characteristics of each of 

them must be similar and comparable. For the purpose of securing relative comparisons, a 

group of DMUs is used to evaluate each other with each DMU having a certain degree of 

managerial freedom in decision making. For DMU.i U =1, 2, ........ , n) some common input and 

output items for each of these DMUj, j = l, ... ,n are selected as follows: 

1. Inputs, outputs and choice of DMUs should reflect an analyst's or a manager's interest 

regarding components that will enter into the relative efficiency evaluations of the 

DMUs. 

2. In principle, smaller input amounts and larger output amounts are preferable. 

3. The measurement units of the different inputs and outputs need not be same. 

Let the input and output data for DMU.i be (xu, Xzj, ••• , Xmj) and (YJ.i, Y2.i·· ... , Ysj), 

respectively. The input data matrix X m x n and the output data matrix Y s x n can be arranged 

as follows, 

XII xi2···· XIn 

xmxn x2I x22···· x2n 

xmi xm2''' xmn 
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YJJ Y12···· · · Y1n 

Ysxn Y21 Y22········ Y2n 

Ysl Ys2······· Ysn 

Given the data, one for each DMUj to be .evaluated and hence n optimizations are 

required. The problem can be states as the following fractional programming problem (FPo) to 

obtain values for the input "weights" (vi), (i = I, 2, ..... , m) and the output "weights" (ur) {r = 

l, ... ,s) as variables: 

max eO= UIYIO +us20 + .... :•••+U.Yso 
u,v V1X1o +v2x2o + ......... +vmxmo 

subject to, 

uslj +us 2j + ........ +u,ysj 

vlxlj +v2x2j + ......... +v mxmj 
~ 1 u= 1' 2, ... ,n) 

vl,v2,""""""'vm >= 0 

U 1 ,U 2 
, ........... u, >=0 

The constraints ensure that the ratio of "virtual output" vs. "virtual input" should not 

exceed 1 for every DMU. The objective is to obtain such sets of weights (vi) and (ur) so that 

the ratio of a particular DMU (DMU0) is maximized. By virtue of the constraints, the optimal 

objective value 8 0* could not exceed 1. Mathematically, the non-negativity constraint is noL 

sufficient for the fractional terms in the above expression to have a positive value. In 

managerial terms it implies that all outputs and inputs have some nonzero worth. This is 

ensured by assigning positive values to the weights Ur and Vi. The above fractional program 

(FP0) may now be replaced by the following linear program (LP0): 
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max 90 = U1Y10 +u2Y2a + ........... +u.Y.o 
u,v 

subject to, 

V1X10 +v2X20 + ........... +VmXmO =1 

UtYtj +u2y2j + ........... +u.Ysj 5 vlxlj +v2x2j + ........... +vmxmj j = 1, 2, .... n 

vl,v2, ............. vm > 0 

ul,u2, ........... us > 0 

In vector notation LPo can be written as 

max B0 = uYo 
u,v 

subject to, 

v X 0 = 1 

-v X+ uY ~ 0 

u~O,v~O 

The primal has m+s variables (unknowns) in the form of Vi (I = I ,2 .... m) and Ur (r = 

1,2, .... s) and n+l constraints. Hence in dual there will be m+s constraints and n+l variables. 

Let the dual variables are 8 8 , AI, A2,. •••••••• A0 • The dual of the above linear programming 

problem can be obtained as follows: 

ffi in e B 

BH,A. 

subject to, 

Bax 0 -X...lz0 

Y...lzy 0 

A- 2:: 0 

where 88 is a scalar. The credit of introducing these two primal-dual forms goes to Charnes, 

Cooper and Rhodes who gave the concept of input oriented DEA model. In DEA literature 

these are known as CCR-I model. 
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In case of output oriented model, the objective variable would be the reciprocal of the 

dual objective 88 . defining dual objective as 11, we have 11 = _I . Substituting 88 of the above 
eB 

and assuming ~ = Jl we get the following form. 
eB 

max 77 

subject to 

x 0 -XJL~O, 

T/Yo-YJL~O, 

JL ~ 0 

The above form is also introduced by Charnes, Cooper and Rhodes as the output 

oriented CCR model in dual form. This is known as CCR-0 model in the dual form. 

In I984 Banker, Charnes & Cooper proposed a new model which takes into_ 

consideration the variable returns to scale. In literature, this was referred to as BCC model. In 

this case, the production possibility set P is defined as 

P = {(x, y) I x:2: XA., y~YA., eA.=l, A-:2:0} 

where all are same as previous CCR model. 'e' is a.row vector with all the elements 

. n 

equal to 1. Hence a new condition is added in the BCC model that eA.= L IL1 = I, together with 
.i=l 

the condition Aj :2: 0 for all j. It enables that the convex combination of vectors to be 

incorporated in the model. With the introduction of this particular condition, combination of 

DMUs are now allowed together to find the best practiced DMU. Hence the input oriented_ 

BCC model in the dual form becomes 
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ill Ill B 
e,A. 

subject to, 

Bx 0 X/L~O, 

y /L ~ y o ' 

e/1,=1,/L ~ 0 

To obtain the dual form as shown above, replacing the objective value 8 by reciprocal 

of the dual objective assumed as 11 and assuming /L = Jl, the following formulation could be e 
obtained: 

subject to, 

max r; 

x 0 -Xj12 0, 

r;y 0 - y 11 ~ 0, 

eJL=l, JL2 0 

This is what is known as output oriented BCC model in the dual form. 

Sources of inefficiency of a DMU may be two: One is the inefficient operation of the 

DMU itself and the other is the non-conducive condition under which a particular DMU 

operates. CCR and BCC scores could be used to specify actual source of inefficiency. We 

know CCR model assumes constant return to scale (CRS), whereas BCC assumes variable 

return to scale (VRS). Though both models indicate the technical efficiency CCR actually 

gives the global TE. BCC model on the other hand being able to incorporate a convex 

combination of the observed DMU to form a production possibility set, gives local pure 

technical efficiency. That is why a DMU is to be considered as operating at most productive 

scale size if the DMU is fully efficient (score I) in both under CCR & BCC. If, therefore a 

DMU is fully efficient under BCC considerations but having low score under CCR then the 

DMU is actua]ly operating efficiently locally but not globally. For this reason, the scale 

efficiency of a DMU is indicated by the ratio of two scores. Accordingly, 
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Scale Efficiency (SE) = B * c 

B* n 

Where e*c and e*s are CCR and BCC scores of a DMU. Hence 

g* - g* * SE C- B 

It implies that, 

Technical Efficiency (TE) = Pure Technical Efficiency (PTE) * Scale Efficiency (SE) 

This formulation helps to identify the sources of inefficiency - either caused by . 

inefficient operation or by non- conducive conditions displayed by the scale efficiency or by 

both. This is explained graphically by the Fig- 3.3. In the figure, BCC efficient VRS frontier 

(ARBCD) and CCR efficient CRS frontier (OQBCF) are shown. 

Figure-3.3: Scale Efficiency 

Output 

0 

L~----~~--------~ , 
M 

F 

c 
D 

Input 

DMU 'A' is on BCC efficient fron~ier but being positioned below the CCR efficient _ 

frontier, is CCR inefficient. It, therefore explains that 'A' is operating efficiently locally but 

not globally due to scale inefficiency which is given by LM. DMU 'B' and 'C' are operating 
LA -

at the most productive scale size as those are both positioned on CRS as well as VRS frontier. 

In case of DMU 'E', which is neither CCR efficient nor BCC efficient, it's CCR score 

is PQ (Technical Efficiency) and BCC score is PR . Therefore, as we described above, the 
PE PE 

scale efficiency (SE) is obtained as 
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Hence, technical efficiency 

PQ/ 
SE = lPE 

PR/ 
IPE 

PQ 

PR 

PQ = PQ * PR . Thus we can say "Technical Efficiency 
PE PR PE . 

Scale Efficiency * Pure Technical Efficiency". It explains how much of the overall 

inefficiency of DMU 'E' is caused by technical inefficient operation and how much is caused 

by inefficiency due to scale. 

However, many different variations of DEA models, (both CCR & BCC) have already 

been developed in order to comprehend the specificity of different problems in DEA literature. 

Model selection for a particular situation is, therefore a difficult task. 

3.3 Model Selection: 

There exist different models of DEA in the literature. However, experts mention that 

few important considerations to be taken into account regarding model selection. One of the 

main purposes of a DEA study is to project the inefficient DMUs onto the production frontiers, 

e.g., the CCR-projection and the BCC projection, among others. 

As shown in Fig-3.3, the inefficient DMU 'E' may be moved towards efficient frontier: 

in two directions. One is along ER and another along EE'. In the first case, it would attain 

efficient frontier by reducing inputs maintaining the existing output level (input- oriented). On 

the other hand, it would arrive at efficient frontier position E' by improving the output level 

while maintaining the present level of input (output - oriented). Recent development of DEA 

suggests a third choice which opts for maximizing jointly input excesses (s-) and output 

shortfalls (s +). Input excesses (s-) and output shortfalls (s +)are defined as follows: 

s-= x 0 -XA. and s+ = Y A-T/Yo 

These are basically surplus and slack variables respectively in output oriented BCC 

model of dual form. As we know, so far as the technical and mix inefficiency is concerned all 

models yield the same result if achievement of efficiency is. the only objective. However, it is 

to be noted that the new models incorporating input excesses (s-) and output shortfalls (s +) may: 

give different estimates when inefficiencies are present. Another important aspect to be 

considered at the time of model selection is the number of inputs and outputs associated with 

the problem. Generally speaking, if the number of DMUs (n) is less than the combined number 
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of inputs (m) and outputs (s),that is if n < (m + s), then a large portion of the DMUs will be 

identified as efficient. In that case efficiency .discrimination among DMUs is to be questionable 

due to inadequate number of degrees of freedom. Hence, it is suggested that 'n' exceeds 'm + 

s' by several times. A rough rule of thumb in the envelopment model is to choose n (= the 

number of DMUs) equal to or greater than max {m * s, 3 * (m + s)}. Thus, the selection of 

input and output items along with the number of DMU is crucial for successful application of 

DEA. 

In our present study, the assumption of constant returns to scale, however, is not valid 

for marine fishery. Hence the frontiers have assumed to be piecewise linear and concave 

characteristics. Since the BCC model has its production frontiers spanned by the convex hull of 

the existing DMUs and capture the characteristics of variable returns to scale, we choose to 

apply BCC model. Further, since our objective is to optimize the output, given the input levels, 

we select the output oriented model. Specifically our objective is to maximize efficiency score 

of the DMUs subject to the conditions: 

(i) Actual convex combination of inputs<= virtual input (·:eA.= 1 & ..1 ~ 0) 

(ii) Maximum virtual output<= actual convex combination of output. 

It is, therefore, rational and logical to apply the following specific formulation ofBCC output-· 

oriented model in our study, 

M ax 17 

subject to 

X A ::;; X 0 

'lYo-YA-::;;0 

e ..1 = I 

..1 ~ 0 

Where, TJ is the efficiency score, X= input vectors specified, Y= fish production of each 

maritime state of the corresponding year, x 0 = virtual input combination, y0= virtual output. 

The above model will be used for the determination of efficiency of the different· 

maritime states of India those are considered as DMUs in our present study. 
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3.4 Conclusion: Advantages and disadvantages of DEA: 

The major advantage of DEA methodology is that it uses less or minimal a priori 

assumptions. It does not also require specifying functional relations between inputs and 

outputs. DEA estimates inefficiencies in both inputs and outputs for every decision-making 

unit (DMU). It also identifies the peer (comparison) group or benchmarks of efficient DMU's. 

It also provides additional information in the form how DMU's can be improved to make them 

more efficient. DEA identifies the sources of inefficiencies such as purely technical 

inefficiency or scale efficiency or a combination of both for each DMU. DEA offers a measure 

that allows for simultaneous consideration of a multiple outputs and a multiple inputs. It still: 

considers the same, even though the relationships between the inputs and the outputs may be 

multifaceted and involve unknown substitutions. The primary advantage of DEA is that the 

weights are derived directly from the data without numerous assumptions regarding 

characteristics of weights. Moreover the weights are chosen in a manner that assigns the best 

set of weights to each DMU. DEA utilizes techniques such as mathematical programming 

which can handle large numbers of variables and relations (constraints). This eliminates the 

difficulties of choosing large number of inputs and outputs, which are generally encountered in 

application of many other techniques. DEA can also accommodate sensitivity analysis 

techniques to study the impact of specific decision variables on critical performance measures. 

Many linkages between DEA and other methodologies have been established in recently 

developed literature. Among these are: non-linear programming, simulation, multiple criteria: 

decision analysis, multivariate and nonparametric statistics, neural networks and genetic 

algorithms, fuzzy sets, game theory, integer programming, goal programming, and multi

objective linear programming. 

Normally, in many other available mathematical techniques, the efficiency of any 

decision making unit is supposed to characterize how successful is this unit in utilizing its 

inputs to produce its outputs. The difficulty that arises is to aggregate all the different inputs of 

this unit into the one single indicator, say s, and all the different outputs of this unit into the 

other single indicator, say v, so that the ratio v/s could be considered as the efficiency. This 

aggregation requires that all inputs and outputs to be expressed in common denominator. This 

conversion may cause error to a great extent. 
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A set of common criticism ofDEA are 

(i) it considers only radial expansions of outputs or radial contractions of inputs, 

(ii) it is deterministic and hence does not take into account random error 

(iii) measurement error can cause significant problems because the solution to 

optimization problems is sensitive to changes in data. 

However, the most noteworthy limitation of DEA is that the level of significance of the 

estimates given by DEA can not be tested statistically. All said and done, there are situations, 

like the present study of measuring performance of maritime states, there is no alternative than 

to take resort of application of DEA as the best suitable technique that satisfy the objective of 

the study. 

0 
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4.1 Introduction: 

As we have discussed in earlier chapter that although India has a large coastline, enough. 

marine resources, vast continental shelf area and also a number of inland fisheries, the 

contribution of fisheries towards India's GOP is negligible (around I .2 percent at an average 

for the last ten years). We have already referred that many studies indicated that marine 

fisheries are not being exploited with fullest potential. It implies that the scopes of marine 

fishery production of maritime states are yet to be fully achieved. As we know that the Indian 

marine fishery is overpopulated with respect to both manpower and vessels employed, the 

reason of the gap between potential and actual may be due to under performance. With the 

objective of understanding the scope of improvement and identifying the areas of inefficiencies 

in marine fishery of the Indian maritime states we evaluated, compared and analyzed their 

performances on the basis of latest available data. 

Any analysis only on the basis of production (harvest) data over the periods fails to reveal 

something meaningful. It shows that there is substantial and steady increase in production with 

frequent fluctuation. During the period 1985 to 2004, Indian marine fish production increased 

from 1.52 million tonnes to 2.58 million tonnes registering a peak of 2.69 million tonnes in 

1997. But the total landing declined to about 2.3 million tonnes in 2001. However, next year in 

2002, production has increased to 2.55 million tonnes again. Production of pelagic fish (oil 

sardines, lesser sardines, Bombay Ducks, mackerel, ribbonfish, carangids and seer fishes) 

resources increased from 7.7 lakh 10 tonnes in 1985 to 13.8 lakh tonnes in 2004 with a peak of 

13.9 lakh tonnes in 2003. In Indian marine fish landing, pelagic fish landing fluctuates with 

high inter-annual variation. The landings of ribbon fishes and carangids have decreasing trend. 

Landings of demersal fish (elasmobranches, catfishes, perches, pomfrets, silver bellies, flat 

fishes, penaeid & non-penaeid prawns, crabs and cephalopods) range from 7.5 lakh tonnes in 

1985 to 11.5 lakh tonnes in 2004 with a peak of I 3.5 lakh tonnes in I 998. The landing of 

elasmobranches, catfishes, silver bellies soles croakers and non-penaeid prawns have shown 

declining trend (Marine Fishery Census 2005, CMFRI, Cochin). 

Fish production (both marine & inland together) in the country has been showing an 

increasing trend and has reached a record level of 5.65 million tonnes in I 999-2000. The fish 

catches in the year 2000-0 I and 200 I -02 were about 5.95 million tonnes and 6.26 million 

10 1 lakh = one hundred thousand 
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tonnes respectively (Report, Working Group, 200 I). The marine fisheries sector in India has 

witnessed a phenomenal growth during the last five decades both quantitatively and 

qualitatively. The subsistence fisheries during the early 50's produced about 0.5 million tonnes 

annually. Currently, the total production is of the order of about 2.314 million tonnes. This 

production has the estimated value of about Rs. 10,400 crores 11 at the landing centre price and 

about Rs. 17,800 crores at the retail levei (Srinath, 2003a). In 2002, the exports of marine 

fishery products earned about Rs. 5,300 crores foreign exchange (Srinath, 2003a). The increase 

in marine fish production is the result of improvements in the harvesting methods, increase in 

the fishing effort and extension of fishing zone into relatively deeper regions. Fleet size and 

operations underwent quantitative and qualitative changes. 

In Indian Marine Fishery, imbalances in the exploitation across the zones and among the 

resources are pointed out by several experts as a result of unplanned phenomenal growth of 

number of vessels, crewmen and harvest. This prompted to promulgate fishing regularity 

measures by most of the maritime states through closure of fishing during certain seasons. This· 

however failed to deter the increased effort over time and across regions. This possibly is the 

consequence of ever-increasing demand for marine food both from . external and internal 

markets. Many also observed that inter-sectoral conflicts have increased due to competition in 

exploiting the common resources. 

In spite of ever increasing effort and reported overexploitation for few species, Indian 

fishery has not achieved the target potential. The achievement of the total fish production 

(marine & inland together) was much below the target of 7.04 million tones set for the Ninth 

plan (1997 to 2002) at an estimated growth rate of 5.64 percent per annum. In spite of 

increasing trend of total fish production many claim that the slower growth than expected in 

the marine fish production during this period is the reason of this gap between target and · 

actual. The details of potential marine catch as reported by the government appointed Working 

Group and the actual harvest levels are shown in table-4.1. While comparing with the actual 

marine catch we find that 51.68 percent of demersal and 30.5 8 percent of pelagic resources are 

remained unexploited. 

11 l crore= l 0 million 
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Table- 4.1: Potential of fishery resources in the Indian EEZ at different depths in 
million tonnes 

Depth 0-50 50-200 > 200 Total ' 

range(m) Estimated Actual 1
L percentage 

Potential of under 

Fish.type achievement 

Demersal 1.28 0.625 0.028 1.933 0.934 51.68 

Pelagic 1.00 0.742 0.246 1.988 1.38 30.58 

Total 2.28 1.367 0.374 3.921 2.314 40.98 

percent total 58.1 34.9 7.0 100.0 

Source: DAHD, ( 1995); CMFRI (2005) 

Comparing the actual marine fish production with the estimated potential, we find that 

40.98 percent of potential has not been achieved. 

Clearly, there are two contradictory positions. On the one hand there are views that· 

resources are over exploited because of excessive efforts and, on the other, actuals ~re reported 

as less than the maximum sustainable yield (MSY). The situation clearly indicates that further 

probe of the matter is necessary. Since the actual harvest is less than the estimated potential' 

and there are reports of overexploitation, we could understand that both can not be true 

simultaneously. Only plausible explanation may be that there are some zones or species those 

are left unexploited, while some species or zones are overexploited. 

This suggests that the production function like analysis for Indian marine output with 

respect to input employed during a period of time would not be able to identify those zones 

which are either overexploited or underexploited. Instead, Data Envelopment Analysis may 

identify a zone where excess inputs are employed with respect to output relative to other zones.· 

It, therefore, can point out the irrational or inefficient distribution of inputs like vessels or 

manpower/ crewmen in different maritime zones. 

12 Actual data are of the year 2005 published by CMFRJ, India. However, marine fish production was maximum 
in I 995 (2.71 million tones) which constitutes 69 percent of the total potential. 
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4.2 Maritime States and Marine Fishing Fleet: 

According to the Seventh Schedule, Article 246 of the Constitution of India, 

fisheries within the territorial waters of India (i.e. up to 12 nautical miles or depth upto 50 

mtrs) are under the jurisdiction of the Provincial (State) Government and fishing and fisheries 

beyond territorial waters within the EEZ are under the jurisdiction of the Central Government. 

Thus, statutorily Indian marine resources are under the management and control of the state 

(provincial) as well as central government. There are ten maritime states in India13
• These 

maritime states are: West Bengal (WB), Orissa (OR), Andhra Pradesh (AP), Tamil Nadu (TN), 

Pondicheri (PC), K.erala (K.R), Karnataka (K.T), Maharastra (MR), Gujarat (GR) and GOA. 

As we have already stated in chapter-II that fishing vessels used in Indian Marine 

Fishing sector are not of same types. Indian marine researchers categorized 14 those into three 

distinct groups. (CMFRI, 1980; Sathiadas et al., 1995): 

1. Non-mechanized (artisanal) group using country craft with traditional gears 

2. a) Mechanized .group using traditional crafts with outboard motors (OBM) 

b) Mechanized group using inboard motors (IBM): 

3. Deep sea fishing Vessels 

Among these general groups stated above, non-mechanized vessels with gears of 

traditional design are concentrated in the shallow inshore coastal waters in depth range up to 

50m and mechanized as well as deep-sea vessels exploit the resources of deeper off shore 

waters (Chandy, 1970a; Jhingran, 1991 ). In table - 4.2 we furnish the distribution of these 

different types of vessels among different maritime states in 2003 and 2005. 

13 Three union territories could not be considered due to non-availability of all relevant data. Please refer to 
discussion in 4.3. 
14 Each of these categories (mechanized, motorized and non mechanized) has several subdivisions and numerous 
local names, specitic to the respective states (Chandy, 1970b; BOBP, 1982, 1983b, 1984; CMFRI, 1988; BOBP, 
1990; Thirumilu et al., 1994; Chennubhotla et al., 1999; Pillai et al., 2000 
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T bl 4 2 P a e- : resen tfl t ee th n d' M ·r t t stren~1 0 n .an an 1me s a es 
Vessel 
Type Mechanized Motorized Non-Mechanized Total 
YEAR 2003 2005 2003 2005 2003 2005 2003 2005 
WB 3362 6829 270 1776 4850 10041 8482 18646 
OR 1276 3577 2640 4719 10993 15444 14909 23740 
AP 8642 2541 4164 14112 53853 24386 66659 41039 
TN 9892 7711 8592 22478 42537 24231 61021 54420 
PC 560 627 505 2306 7802 1524 8867 4457 
KR 4206 5504 12913 14151 40786 9522 57905 29177 
KT 2866 4373 3452 3705 22744 7577 29062 15655 
GOA 1092 1087 1100 932 2194 532 4386 2551 
MR 8879 13053 286 3382 10256 7073 19421 23508 
GR 11372 13047 5391 7376 14613 3729 31376 24152 
TOTAL 52147 58349 39313 74937 210628 104059 302088 237345 

Source: CMFRI, 2005, DAHD 

Table 4.2 reveals that except in West Bengal and Orissa, number of non-mechanized 

crafts have declined drastically from 2003 to 2005. On the other hand, except GOA, the reverse 
\ 

trend is observed in case of number of motorized boats which has significantly increased from 

2003 to 2005. However in GOA, the numbers of both categories of crafts declined. Possible 

reasons of such reverse trends in number of non-mechanized and motorized boats may be: 

many: 

a) The one of the important reasons is that the 2004 Tsunami in Indian Ocean caused 

extensive damages in southern regions of India affecting a total of 2260 km coastline. 

The worst affected regions were the maritime states Tamil Nadu and the states with 

damage of lesser degree were Pondichery, Andhra Pradesh and Kerala (Report, 

UNDMT, 2005). The estimated numbers of damaged and lost vessels due to Tsunami 

in 2004 are given below. 

Effect of Tsunami 2004 

MARITIME FISHING VESSELS 
STATE DAMAGED LOST 
TN 43953 10000 
PON 6678 
AP 108270 1362 
KR 2324 2519 

b) Another possible reason is that the changeover from non-mechanized to motorized is 

very simple and remunerative. A non-mechanized boat can be registered as motorized 

as soon as a motor is added to the boat. As a declared policy the government provides 
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subsidy to a fisherman for fitting motor with the fishing boat. Hence, the fishermen 

consider the change as remunerative. It always pia) s as a cause of motivation to 

changeover(Yadav~2005) 

c) All maritime states are affected by the problem of over-crowding. This is very acute 

specifically in case of non-mechanized country boats. Initial cost, being very small, 

could not prevent entry. Large number of entry thus makes the fishing activities of a 

non-mechaniLed boat non-rermmerative. As a consequence of this, man) boats 

discontinue marine fishing activities as they do not sustain the economic loss of 

operation. Fluctuation in number of non-mechanized boats in year to year is. therefore. 

not very unusual. 

llowever, this general phenomenon has not been observed in West Bengal and Orissa. We find 

that the number of both types of boats has increased to a large extent for these maritime states 

from the year 2003 to 2005. To understand visually we present this graphically in Fig- 4.1 

Figu re-4.1: 
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i. 

4.3 Methodology and Data Source: 

We apply DEA considering each maritime state as an independent Decision Making Unit 

(DMU). In chapter 2, we have mentioned that there are 13 maritime states including union 

territories. However the marine fishing activities of three union territories, namely, 

Lakshdweep, Andaman & Nicobar Islands and Daman & Diu are so insignificant with respect 

to major maritime states that the official publications most often do not mention data related 

tose three union territories specifically. Because of this non-uniform practice of reporting data, 

we compelled to consider only ten maritime states excluding these three union territories. With: 

regards to application of DEA in evaluating efficiency of Indian maritime states, it could have 

been better if we could consider those three also as DMU. The policy notifications and 

regulations of each state influence the marine fishery within the jurisdiction of the respective 

states. While the central regulations influences each state equally, state regulation which is 

binding on the particular state only, determines fleet size, vessel and gear type, cost of human 

resources and intensity of the harvesting activity of fishing fleet within the specific region of 

the said state. 

As we discussed earlier that each maritime state of India has different kinds of fishing 

vessels which can be characterized by multi-input, multi-output production technology, as they 

combine several inputs to produce a variety of outputs (fish species) during a fishing trip .. 

However, measuring the performances of the maritime states with respect to their efficiency of 

fishing vessels poses several problems not typically found in other industries. Apart from 

unpredictable weather conditions, the quantity of catch is heavily dependent on vessel's 

breakdown, mechanical faults and other adverse situations. Moreover, spatial and temporal 

variability in fish stocks can lead to different output mixes and quantities for similarly 

configured vessels. Certain species may not be present at a specific location during the 

harvesting of a particular vessel whereas a vessel which has similar physical dimensions and 

horsepower fishing at the same location a week later, or in a slightly different location, may 

harvest a different species mix and quantity. Because of these reasons we wanted to measure 

the performances of the maritime states in two different years. We have taken the data for two 

years with a gap of one year, i.e. 2003 and 2005 and evaluate the performance of those years. 

Then by comparing the corresponding results we have tried to check whether the inefficient 

states of 2003 have taken note of their reasons for inefficiencies and acted accordingly to 

improve their performance in the year 2005 or not. 
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4.3.1 Determinants of Maritime States' Harvest Output 

Maritime states harvest output in absolute quantum has varied widely from state to· 

state. However, this is not unexpected as the states themselves are of various types with respect 

to varying number and types of fishing vessels, access to geographically determined sea

location and marine resources, availability of human resources, man-made facilities and 

infrastructure etc. We, therefore, conceive that the amount of harvest (output) of a maritime 

state depends on such factors which, in some cases, do not change over time and remain fixed 

as a given endowment specific state. According to the nature and type of these determinants, 

these could be grouped into three distinct categories (Ghosh & Ray, 2008): 

I) Types of fishing vessels: We group .all crafts into a single category as fishing vessels 

(category-!) in our model. We have already mentioned that there are different types of vessels. 

Each of these types of fishing vessels has different trawling nature and capacity. They also 

have different requirement of crew members and on-board facilities. 

II) Access to geographical location, natural and man-made facilities: Accessibility to 

geographical or natural factors like continental shelf or coastline differs with respect to area 

and length in different states. These factors along with available man-made facilities like 

availability of landing centres near the fishing villages also influence the level of productivity 

of maritime states. These factors may, therefore, be considered as a separate category of inputs 

(category-H). Under this category, few determinants vary from state to state but remain as a 

fixed endowment for a particular state and few may vary over time. 

III) Types of human resources involved: Human resources involved in marine fishing. 

activities are not of identical expertise with respect to skill and time spent on marine activities. 

According to census classification (OAHD, 2006), any fisherman who spends more than 30 

percent but less than 90 percent time in fishing activity is called part-time fisherman, whereas 

any fisherman who spends less than 30 percent time in fishing activity is called occasional 

. fisherman. We consider this as a separate category of inputs and classify as category-III. 

It is, therefore, clear that under each category there are several distinct determinants. 

Each determinant is, therefore, identified as Xij where i stands for category and j stands for 

determinant number in that particular category. 
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Category-! represents types of fishing vessels, encompasses the following: 

X 11 : number of mechanized crafts, 

X12: number of motorized crafts 

X13: number of non-motorized crafts 

Category-II comprises with the following variables: 

X21 : length of coastline in kilometers, 

X22 : area of continental shelf in square kilometers, 

X23 : number offish landing centres and 

Xz4: number of fishing villages 

Category-III, types of human resource, is important for marine fishing as productivity depends 

on skill and experience of crewmen. This category includes: 

x31: full time fishermen, 

X3z: part-time fishermen and 

X33: occasional fishermen. 

Here, of course, one is faced with a problem of choice and data constraint. There are 

some logically possible factors which we could not include either due to the fact that data are 

not available or can not be quantified. We are, therefore, left with the choice of considering 

only those which are available, quantifiable or having close proximity to available one. 

Secondly, the most important and crucial data constraint that we face with relation to 

determining the efficiency of maritime states by DEA is the restriction on number of input 

variable with respect to number of DMUs. Total number of maritime states being only ten, our. 

number of DMUs is ten only and, hence, restricts the number of inputs variables. Generally 

speaking, if the number of OM Us (n) is less than the combined number of inputs and outputs 

(m + s), a large portion of the DMUs will be identified as efficient and efficiency 

discrimination among DMUs is questionable due to an inadequate number of degrees of 

freedom. Hence, it is desirable that n exceed m + s by several times. A rough rule ofthumb in 

the envelopment model is to choose n (= the number of DMUs) equal to or greater than max 
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{m * s, 3 * (m + s)} 15
• 's' being 1 [since we have single output (harvest)], it implies that 3 * 

(m+ 1) must be less than 10 ( number of maritime states is DMUs) .Thus, the number of input 

variables that we could consider is only two. 

In order to overcome methodological restriction and making our study meaningful we 

resolve to observe the following methodological approach: 

Initially, we take up the analysis of regression of harvest output on each variable under 

different categories. Gradually, we will introduce more explanatory variables to identify the set 

of determinants which provides relatively better explanation. This process will help us to 

identify the two most important determinants of harvest and subsequently we will consider 

those as input variables in DEA analysis .. 

Our contention in this chapter, however, is neither to identify causal relationship that 

influencing harvest output, nor to estimate an exact functional relationship between output and 

inputs. Our objective is only to discuss such inputs which are linearly independent to each. 

other and, at the same time, having relatively greater influencing ability. Great nicety of this 

approach is that, if we could estimate a regression equation, free from multi-co-linearity, with 

respect to any two of those variables, then those two input variables must be linearly 

independent. Thus, if there are more than one such set of variables, we could consider the best 

set. This will satisfy our objective. 

As discussed in section 3.3, BCC output oriented model in the dual form of DEA is 

chosen for the purpose of comparison. Harvest levels of fish production of the year 2003 and 

2005 of each maritime state are considered as ·output (Y). But the level of output depends upon 

factors those are grouped under a) types of fishing vessels, b) access to geographical location, 

natural and man-made facilities and c) types of human resources involved. In India, fishing 

profession is a caste occupation and skippers as well as crew people acquire their skills over: 

generation. Difference in skill of different fisher-folk is, therefore, not very significant. Hence, 

we exclude the human factor as input. Thus the remaining tWo sets of key contributing 

resources are inputs in our mathematical formulation ofDEA. 

15 The rule is n >=max {m*s, 3*(m+s)}, where n =number of OM Us, m =number of inputs and s=number of 

outputs. (Cooper, Seiford, Tone, 2004, page-252.) 
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We have altogether 7 variables under two categories. The number of DMU being ten, 

we could not employ all 7 variables together as inputs to avoid the problems involving degrees 

of freedom. Moreover, it seems that many of these variables may have the interdependence 

between themselves. We wanted to verify the independency of inputs for avoiding spurious 

effects. In order to evaluate the performance of Indian maritime states with respect to as many 

factors as possible, we decide to obtain efficiency of them category wise. Even then, as we 

have grouped more than two factors in a category, we could not include all those factors as· 

input variables in our DEA for that category. Our option is, therefore, restricted to selecting 

only two variables from the set of potential variables for category-I and category-II. Hence, it 

is necessary to select any two variables whose joint contribution in output is relatively higher 

than any other group of two variables of that category and, at the same time, as explanatory 

variables those two would not form spurious relationship with the dependent variable. Best 

way to do this is to estimate variables stepwise through Ordinary least square (OLS) analysis 

(Ghosh &Ray, 2008, 2009). For this we adopt a somewhat revised version of Frisch's 

Confluence Analysis method (Koutsoyiannis, A. I 977). 

4.3.2. Data 

The dataset used for Category-! & II are obtained from "Marine Fishery Census, 2003" & 

"Marine Fishery Census, 2005" published by Central Marine Fisheries Research Institute . 

(CMFRI), India. For the production (output) data we have used publication from Fisheries 

Resource Assessment Division (FRAD) ofCMFRI, 2003 & 2005. 

4.4 Selecting Input Variables: 

As suggested by revised version of Frisch's Confluence Analysis, for every category, 

we regress dependent variable on each of the explanatory variables separately. We then 

examine the results of these elementary regressions on the basis of a priori and statistical 

criteria. We select most plausible regression and introduce remaining variables gradually to 

examine their effects on coefficients, on their standard errors and on the overall R2
• Additional 

variable is classified as useful, superfluous and detrimental if, 

I. The new variable improves R2 without being cause of any individual coefficients 

unacceptable on a priori considerations, the variable is retained as a useful explanatory 

variable, 
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II. The new variable neither improves the value of R2 nor affects considerably the values of 

the individual coefficient, the variable is rejected as superfluous, 

III. The new variable affects considerably the coefficients, either the sign or the value, then it 

is considered as detrimental. If individual coefficients, being affected by the introduction 

of a new variable, become unacceptable on both priori and theoretical consideration, it 

would imply the existence of multi-co linearity. In other words, it implies that the 

variables are not independently influencing the dependent variable. 

4.5 Selecting Input Determinant Considering All Variables Under Two Different 
Categories Together: 

We consider all seven variables as defined earlier, under two distinct categories except 

the category 'human resources involved' and tried to find two inputs which influences the 

output most significantly. We regress output (harvest) as dependent variable against each of 

those seven variables one at a time to obtain regression co-efficient and R2 values. We find 

four variables having significant R2 values. Those variables are mechanized crafts (XII), 

motorized crafts (XI2), length of coastline (X2I) and continental shelf (X22). Thus we run the 

Frisch's Confluence Analysis considering the above mentioned variables. 

We then obtained the multiple regression equation for the year 2003 as 

Y = f (Xij) for i = I, 2 & j = I, 2 16 

and results are shown in Table-4.3 17
• 

I6 ) 
If not stated otherwise, in this chapter, i stands for category and j stands for determinant number in that 

particular category. 

17Results of the combination which produce either detrimental o1· spurious relationship are not shown in any of the 
Frisch's' Confluence analysis table 
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Table-4.3: 

VARIABLES 

XII 

X12 

X21 

Xzz 

X12. X21 

X12, Xzz 

X11,x22 

x11.X21 

Regression Co-efficient and R2 for Frisch's Confluence Analysis for the 
year 2003 

XII X12 X21 Xzz Rz 

29.635 
0.388 

(13.152) 

34.164 
0.529 

(11.393) 

232.516 
0.348 

(112.637) 

2039.40~ 0.351 
(980.609) 

27.236 130.678 
0.617 (12.264) (103.002) 

31.008 1736.647 
0.779 

(8.416) (616.980) 

19.465 969.121 
0.422 (21.016) (1521.282) 

24.087 50.494 
0.391 (34.060) (282.459) 

Source: Computed from the data used. Figures in the parenthesis indicate standard error (SE) of estimates 

First, associated R2 - value being the highest, we fix the variable X12 and introduce the 

variable X2I as an additional explanatory variable. We see that the value of R2 improves from 

0.529 to 0.617 and the coefficients also appear significant. But when X22 is combined with X12 

it gives a far better result. The value of R2 improves further to 0.779 and the coefficients are 

not affected adversely. However, when we introduce variables either X2Ior X22 with the: 

variable XII, results are not that promising. All other combinations appear to be not plausible. 

Hence for the year 2003 the most plausible determinants of outputs are Number of motorized 

crafts (X 12) and Continental shelf in square kilometers (X22). 

For the year 2005, we follow the same procedure to obtain regression co-efficient and 

values of R2 for Frisch Confluence Analysis. Results are shown in Table-4.4 below. We find 

that the identical combination of X12 and X22 gives the best possible and plausible result with 

the coefficients without violating any conditions of Frisch Confluence Analysis. The highest 

value of R2 is 0.544 as shown in the table. Hence for the year 2005, we may consider that the 

most plausible determinants of outputs are Number of motorized crafts (X 12), Continental shelf 

in sq. km. (X22). 
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Table-4.4: Regression Co-efficient and R2 for Frisch's Confluence Analysis for the 
year 2005 

VARIABLES XII X12 X21 X22 R2 

XII 
23.414 

0.420 (9.735) 

X12 
11.072 

0.242 (6.936) 

X21 
195.758 

0.355 (93.328) 

X22 
1667.920 

0.343 (815.449) 

x11,X21 
16.311 96.792 

0.468 (13.381) ( 121.670) 

xll,x22 
20.704 244.468 

0.421 (21.308) (1678.018) 

X12,X21 
5.052 153.625 

0.389 (8.114) (118.364) 

X12, Xn 
10.124 1.570.287 

0.544 (5.766) (728.475) 

Source: Computed from the data used. Figures in the parenthesis indicate SE of estimates 

4.6 Application of DEA: 

As we discussed earlier, we are constrained· to consider only two variables. We have 

obtained two most contributory factors from all explanatory variables under two different 

categories in previous section. The performance of maritime states now is evaluated with the 

application ofDEA in the subsection below. 

We now find the efficiency of the maritime states (DMUs) and resource allocation 

applying BBC-018 model of DEA. As we have discussed in chapter 3 the problem takes the • 

following form: 

Max 

subject to 

X A :::;; X 0 

lJYo-YA:::;;O 

e A = 1 

A ~ 0 

Where, 11 is the efficiency score, X= input vectors specified as above, Y= fish 

production of each maritime state of the corresponding year 2003 or 2005, x 0 = virtual input 

combination, y0= virtual output. 

18 We use DEA-Solver (Microsoft excel add-in) 
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4.6.1 DEA and Comparative Performance of Maritime States in 2003 & 2005 

Thus, we find that for the measurement of efficiency of Indian maritime states through 

DEA, both in the year of2003 and 2005, the inputs appear to be most plausible are 

X12: number of motorized crafts 

X22: area of continental shelf in square kilometers 

The following Tables 4.5 & 4.6 show the results of DEA when number of motorized 

crafts (XI2) and area of continental shelf (X22) are considered for the years 2003 & 2005 

respectively. The corresponding tables showing the optimum weights of inputs and output 

along with efficient frontier shown as bar graph is given in appendix-2 (for year 2003) and· 

appendix-3 (for year 2005). 

Table-4.5: Results of DEA of considering motorized crafts (X12) & continental shelf 
(X22) as inputs for 2003 

EXCESS 

PRODUCTION PERCENT MOTORIZED CONTINENTAL 
STATE SCORE RANK PROJECTION IMPROVEMENT CRAFT SHELF PEER STATE(S) 

WB I I 193643 0 0 0 WB 

OR 0.24 10 285089 314.03 0 0 WB, KR, MR 

AP 0.55 9 346713 80.57 0 0 WB, KR, MR 

TN ,0.71 7 497062 39.95 0 0 WB, KR, MR 

PC 1 I 14968 0 0 0 PC 

KR I I 623293 0 0 0 KR 

KT 0.59 8 311573 6Q.26 0 0 WB, KR, MR 

GOA 0.77 6 125153 30.52 0 0 WB, KR, PC 

MR I I 415094 0 0 0 MR 

GR 0.89 5 499267 12.42 0 101.1 I KR, MR 
Source: Computed by the author 

If we compare the performances of the maritime states for the year 2003 & 2005, we 

can see that all the states improved their performances with the exceptions of AP and TN. The 

states which were efficient in 2003 were WB, PC, KR &MR. They remained efficient in 2005 

also. The states GOA & OR were inefficient in 2003 but became efficient in 2005. Comparing 

the results shown in tables 4.5 & 4.6 we observe that, all other inefficient states except AP & 

TN have improved their efficiency score in 2005. The states OR & KT improved their 
' . 

efficiency score with respect to motorized crafts (X 12) and area of continental shelf (X22). OR 
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has gone up from 0.24 to 0.363 and KT is up from 0.59 to 0.89. For OR the improvement

required in harvest decreased from 314.03 percent to 175.46 percent. Thus it improved its 

performance and bettered its rank from I 0 in 2003 to 9 in 2005. Similarly, for KT the 

improvement required in harvest decreased from 69.23 percent to 12.99 percent. Thus, it also 

improved its performance and bettered its rank from 8 in 2003 to 7 in 2005. 

Table-4.6: Results of DEA of considering mo
1
torized crafts (X12) & continental shelf 

(X22) as inputs for 2005 

EXCESS 

PRODUCTION PERCENT MOTORIZED CONTINENTAL 
STATE SCORE RANK PROJECTION IMPROVEMENT CRAFT SHELF PEER STATE(S) 

WB 1 I 197420 0 0 0 WB 
OR 0.363 9 279596.4 175.46 0 0 WB, KR, GJ 
AP 0.36I IO 44I9I7.4 167.75 2087 0 PC,KR 
TN 0.56 8 536220 79.96 8327 . I KR 
PC I I 10820 0 0 0 PC 
KR 1 I 536220 0 0 0 KR 
KT 0.89 7 253145.8 12.99 0 0 WB, KR, GJ 

GOA 1 1 81600 0 0 0 GOA 

MR I I 282380 0 0 0 MR 
GR I I 421870 0 0 0 GJ 

Source: Computed by the author 

Comparing the results, we can see that the opposite has happened for the states AP & 

TN. For AP the improvement required in production of marine fish (harvest) increased from 

80.57 percent in 2003 to 167.75 percent in 2005. Thus, it worsened its performance and~ 

lowered its rank from 9 in 2003 to I 0 in 2005. Similarly, for TN the improvement required in 

harvest increased from 39.95 percent to 79.96 percent. Thus, it also deteriorated its 

performance and lowered its rank from 7 in 2003 to 8 in 2005. Though AP and TN appeared as 

inefficient maritime states in 2003, there were no excess motorized crafts at that time. Bt1t in 

2005, performance of AP & TN had resulted in excess motorized crafts to the extent of 2087 

and 8327 respectively and that also contributed in worsening of their relative rank. 

The state GR has bettered its utilization of continental shelf. It could not use its 

resource of continental shelf fully in the year 2003 and thus became inefficient. But it rectified 

that in 2005 and started to utilize its resources better and became efficient in 2005. GR had a 
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score of 0.89 in 2003 and held the relative rank 5. It became efficient in 2005 in spite of 

increase in fleet size by 1985. Peer states of GR were KR & MR in 2003. On the other hand, . 

peer state of GOA were WB, KR & PC and its overall rank was 6, having score 0.77. 

Subsequently in 2005, GOA reduced its number of motorized crafts and became efficient. 

So all these above results and discussions prove that . there is much scope of 

improvement in production for the maritime states as well as relocation of fishing resources are 

necessary. 

4.7 Rationale of Category Wise Analysis: 

It is to be noted that we are constrained to consider only two variables as inputs. As a 

result, however, many important input variables have eventually been excluded for this 

methodological restriction. The better insight of the problem could have been revealed if we 

could observe the effect on performance with respect to other variables as well, which we · 

could not do unless we increase the number of DMUs from ten. Since there is no way to 

increase the number of DMUs, the only way to observe the effect of other inputs, is to select 

variables category-wise so that we could incorporate other variables in our analysis. Then, 

performance of marine states using DEA may be compared to have an overall and critical 

understanding of the marine fishery sector. Thus we select input variables category wise 

following the same method. 

4.7.1 Selecting Input Variables in Each Category: 

For the years 2003 & 2005, we first obtained the regression equation for category-I 

Y = f (X !j) for j = 1, 2, 3 

and subsequently introduced other explanatory variables gradually in accordance with 

the variables appeared as useful, detrimental or superfluous: Final results of Frisch's 

Confluence Analysis of Category-! for 2003 is given in Table 4.7. 

In the year 2003, from the estimated equation Y = /.. + 'A1j X1j for j =1, 2, 3 we find that 

for j = 2, the goodness of fit is the highest (R2 
= 0.529) [/..12, however appears to be 

insignificant by S.E. test [s (/.. 12) < 'Ad2)]. Other variables with descending order of their R2 

values are X11 (R2
= 0.388) and X13 (R2 

= 0. I 77). Introducing X 11 with X1 2, R2 improves to 

0.694 and also coefficients do not change adversely and thus X 11 may be accepted as a useful 
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explanatory variable. X 12 however joining with X 13 does not improve the co-efficient value or 

R2 and hence, X 13 may be considered as superfluous. 

None of the combination comes out as plausible. Hence, most likely, if we are· 

constrained to consider only any two variables as determinants of the marine fishery output 

under Category-! for 2003; those are number of motorized crafts (X12) and number of 

mechanized crafts (Xtt). 

Table-4.7: Regression Co-efficient and R2 for Frisch's Confluence Analysis 
of category-I for the year 2003 

VARIABLES XII Xn XtJ R2 

29.635 
XII (13.152) 0.388 
X12 34.164 0.529 

( 11.393) 
4.471 

Xl3 (3.411) 0.177 
Xn, Xn 20.452 27.506 0.694 

(10.532) (10.532) 
XII' XI) 26.024 1.688 0.408 

(15.752) (3.522) 

Source: Computed from the data used. Figures in the parenthesis indicate SE of estimates 

We then assess the contribution of same set of variables of Category-! in determining the 

output for the year 2005. Comparing the elementary regression for each variable we find that 

R2 value for X 11 appea~s to be highest (R2 = 0.420) and coefficients A- 11 appears insignificant 

with S.E. test or t- test [s (A-11 ) < A- 11 /2) or t* >t 0.025]. Other variable in accordance to their R2 

value are X 12 (R2=0.242) and X13 (R2 = 0.007). Introducing X 12 with X11 , we find that R2 

improves to 0.587 and coefficients appear as significant. At the same time, X 13 jointly with X 11 

fails to appear as very promising, sine R2 = 0.429 is well below R2 = 0.587. It is noteworthy 

that as coefficients do not change adversely, all variables together may explain the output to a· 

greater extent. But as we are constrained to consider only two variables as determinants of 

output, we obtain the same two variables (X12) number of motorized crafts and (X 11) number of 

mechanized crafts in 2005 also. Final results of Frisch's Confluence Analysis of Category-! for 

2005 is given in table 4.8. 
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Table-4.8: Regression Co-efficient and R 2 for Frisch's Confluence Analysis of 
category-! for the year 2005 

VARIABLES XII X12 X13 R2 

XII 23.414 0.420 
(9.7J5) 

11.072 
X12 (6.936) 0.242 

1.568 
Xn (6.620) 0.007 

Xu, Xu 21.421 9.286 0.587 
(8.864) (5.525) 

xlhxiJ 23.481 1.801 0.429 
(I 0.326) (5.386) 

Source: Computed from the data used. Figures in the parenthesis indicate SE of estimates 

Similarly, for category-II also we obtain the regression equation for the year 2003 as 

Y = f(X2j) for j = 1, 2, 3, 4. 

We arrange the variables in descending order of their R2 values. We find that for the 

variable X22 (area of continental shelf in square kilometers), the value is the highest (R2=0.351L 

and the co-efficient(/..,) appears to be insignificant with S.E. test or t- test. 

Introducing other variables one by one with X22 we obtained that jointly with X23, the 

value ofR2 (0.389) is the highest and coefficients neither change adversely nor do those appear 

as insignificant. In this case X22 combined with X23 give the most plausible result and their 

joint effect explains most of the output. Another combination of X22 with X21 was plausible but 

with less value of R2 (0.384). We decided to keep the previous combination of determinants for 

category-H. 

None of the combination comes out as plausible. Hence, as previously, we are 

constrained to consider only any two variables as determinants of the marine fishery output 

under Category~II for 2003; those are (X22) area of continental shelf in square kilometers and 

(X23) number offish landing centres. Final results ofFrich's Confluence Analysis ofCategory-

11 for 2003 are given in Table 4.9. 
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Table-4.9: 

VARIABLES 

X21 

Xzz 

X23 

Xz4 

,Xzz. X21 

Xzz, X23 

Regression Co-efficients and R2 for Frisch's Confluence Analysis of 
category-II for the year 2003 

X21 x22 X23 X24 R2 

232.516 
0.348 (112.637) 

2039.408 
0.351 (980.609) 

238.753 
0.064 (323.728) 

286.824 
0.140 (250.862) 

125.183 1146.595 
0.384 (202.881) (1770.867) 

1972.226 184.449 
0.389 

(1022.603) (281.075) 

Source: Computed from the data used. Figures in the parenthesis indicate'SE of estimates 

Next we try to find the contribution of same set of variables of Category-II in 

determining the output for the year 2005. Comparing the elementary regression for each 

variable we find that R2 value for X21 appears to be maximum (R2 = 0.355) and coefficients A-21 

appears insignificant with S.E. test or t- test [s (A.zt) < A.2 t/2) or t* >t0.025]. Other variable in 
2 2 2 ' 2 

accordance to their R value are X22 (R =0.343), X23 (R = 0.195) and X24 (R =0.012). 

Introducing X22 with X2 t. we find that R2 improves to 0.384 and coefficients appear as 

significant. At the same time, X23 jointly with X21 and X22 with X24 also appear as promising; 

with R2 values are 0.362 & 0.344 respectively. But out of all the possibilities the most 

promising combination obtained as X22 and X23 whose R2 value is as high as 0.459 which is far 

better than all other combinations and coefficients neither change adversely nor those appear as 

insignificant As earlier we have explained that as coefficient do not change adversely all 

variable together may explain the output to a greater extent but as we are constrained to 

consider only two variables as determinants of output, we obtain the same two variables (X22) . 

area of continental shelf in square kilometers and (X23) number of fish landing centres in 2005 

also. Final results of Frich's Confluence Analysis of Category-11 for 2005 are given in table 

4.10. 
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Table-4.10: Regression Co-efficient and R2 for Frisch's Confluence Analysis of 
category-11 for the year 2005 

VARIABLES X21 x22 X23 X24 Rz 

X21 
195.758 

0.355 (93.328) 

Xzz 
1667.920 

0.343 (815.440) 

Xz3 
649.275 

0.195 (466.905) 

Xz4 
80.490 

0.012 
(262.024) 

Xz1. x22 115.548 850.096 
0.384 (169.086) (1464.459) 

Xz1. Xz3 
172.651 165.274 

0.362 (127.186) (569.517) 

X22, x23 1488.028 508.587 
0.459 (804.987) (416.187) 

X22, X24 
1655.856 24.455 

0.344 
(878.412) (230.062) 

Source: Computed from the data used. Figures in the parenthesis indicate SE of estimates 

Hence after all these above discussions we come to the conclusion that output and 

inputs for determining the efficiency of maritime states under two different categories and for 

the two different years are as follows (table-4.11). 

Table-4.11: Input Output Combination for DEA as Determined by Frisch's 
Confluence Analysis · 

Year Input Type Output Inputs 
Types of fishing fleet and gears Production Number of mechanized crafts, 
(Category I) Nun1ber of motorized crafts 

Access to geographical Production Continental shelf in sq. kms, 

2003 
location, natural and man- Number offish landing centres 
made facilities (Category II) 
Types of fishing fleet and gears Production Number of mechanized crafts, 
(Category 1) Number of motorized crafts 

Access to geographical Production Continental shelf in sq. kms, 
~005 location, natural and man- Number offish landing centres 

made facilities (Category II) 
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STATE 
I 

WB 

OR 

AP 

TN 

PC 

KR 

KT 

GOA 

MR 

GR 

4.8 Application of DEA under each Category: 

In order to make provisions for many important variables other than those two considered 

under sub-section 4.4, we obtained set of most plausible explanatory variables in each category 

in previous sub-section (4.6.1). We have analyzed and discussed the relative performances of 

maritime states category wise in the following sub-section. 

4.8.1 DEA and Comparative Performance of Maritime States in 2003 & 2005 Category 

wise: 

Again we find the efficiency of the maritime states (DMUs) and resource allocation 

applying BBC-0 model in accordance to each category. For category-I, the results for the 

years 2003 and 2005 are given in tables - 4.12 .and 4.13 respectively. The corresponding tables 

showing the optimum weights of inputs and output along with efficient frontier shown as bar 

graph is given in appendix-4 (Category-1, 2003) and appendix-5 (Category-!, 2005). 

Table-4.12: Results of DEA of considering inputs in category-I, (mechanized crafts 
(Xu) and motorized crafts (X12) as inputs) for the year 2003 

EXCESS EXCESS 

PRODUCTION PERCENT 
MECHANIZED MOTORIZED 

PEER 
SCORE RANK PROJECTION IMPROVEMENT CRAFTS CRAFTS STATE(S) 

I I 193643 0 0 0 WB 
PC, KR, 

0.52 9 132484.6 92.41 0 0 GOA 

. 0.4 10 479036 149.49 1199 0 KR, MR 

0.64 8 552046.6 55.43 40.87 0 KR, MR 

I I 14968 0 0 0 PC 

I I 623293 0 0 0 KR 

0.7 7 263405.1 43.1 0 0 WB,KR 

1 I 95890 0 0 0 GOA 

I 1 415094 0 0 0 MR 

0.89 6 499267.3 12.42 4382 0 KR, MR 
Source: Computed by the author 

When we consider the inputs of category-!, namely mechanized crafts (XII) and 

motorized crafts (XI 2), we see that 5 states WB, PC, KR, GOA and MR appeared efficient in 

2003. In 2005 the number of efficient states increased to 7 with the addition of KT & GR. 
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STATE 

WB 

OR 

AP 

TN 

PC 

KR 

KT 

GOA 

MR 

GR 

Comparing the tables 4.12 and 4.13 we see that the state AP has improved its score from 0.4 in 

2003 to 0.69 in 2005 and also improved its rank from I 0 to 8 subsequently. It had excess 

mechanized crafts of 1199 in 2003. It brought down that number to nil in 2005. But number of 

excess motorized crafts had increased for this state from zero in 2003 to 8829 in 2005. Also 

improvement required in production had declined from I49.49 percent in 2003 to 44.82 

percent in 2005. Hence all these effects were reflected in its performance through improvement 

of score and rank. But for OR it is exactly the reverse. In fact OR's rank & score both 

deteriorated from 9 to I 0 and from 0.52 to 0.42 respectively. Although OR caught more marine 

fish in 2005 than in 2003 but its overall input utilization has deteriorated. Although it did not 

have any excess crafts in both the years but the improvement in production amplified from 

92.4I percent in 2003 to I32.78 percent in 2005. Hence the cumulative effect is its rank 

lowered from 9 to I 0. in 2003 its peer states were PC, KR, GOA. But in 2005 they were KR, 

KT & GOA. The state MR was peer state for 4 states in 2003 but in 2005 it remained peer state 

only for itself. 

Table- 4.13: Results of DEA of considering inputs in category-I (mechanized crafts (X11 ) 

and motorized crafts (X12) as inputs) for the year 2005 

EXCESS EXCESS 

PRODUCTION PERCENT MECHANIZED MOTORIZED PEER 
SCORE RANK PROJECTION IMPROVEMENT CRAFTS CRAFTS STATE(S) 

1 1 197420 0 0 0 WB 
KR,KT, 

0.43 10 236272.3 132.78 0 0 GOA 

0.69 8 231253 44.82 0 8829 KR,GOA 

0.56 9 536220 79.96 2207 8327 KR 

I I I0820 0 0 0 PC 

1 1 536220 0 0 0 KR 

1 1 224040 0 0 0 KT 

I I 81600 0 0 0 GOA 

I I 282380 0 0 0 MR 

I I 421870 0 0 0 GR 
Source: Computed by the author 

As we have already observed, the result reveals that maritime states' performance with 

respect to mechanized crafts (X 11 ) and motorized crafts (XI2) the number of efficient state 

increases from five in 2003 to seven in 2005. The state KT & GR have improved their 

efficiency score in 2005. Reasons of improvement are different for KT and GR. Whereas KR 

became efficient due to increase in its fish production, GR acquired efficient state status by 
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reducing the excess number of mechanized crafts by 4382 in 2005. KT has bettered its marine 

fish production from 184075 tonnes to 224040 tonnes. In case of the state TN, we observe 

reduction in efficiency score from 0.64 to 0.56. However, further analysis reveals that though 

the state was able to reduce the excess mechanized crafts in 2005 but the increase of the 

number of motorized crafts deterred it to become efficient. . It had excess mechanized crafts of 

4087 in 2003. It brought down that number to 2207 in 2005. But number of excess motorized 

crafts had increased for this state from zero in 2003 to 8327 in 2005. A_lso improvement 

required in production had increased from 55.43 percent in 2003 to 79.96 percent in 2005. 

Hence all these effects were reflected in its performance through fall of score and rank. The 

catch as well as the performance of the state TN has gone down from 2 003 to 2005 and that is 

why rank dropped from 8 to 9. in 2003 the peer states of TN were KR & MR but in 2005 it 

was only KR. 

The results for the years 2003 and 2005 for category-II are shown in table-4.14 and 

4.15 respectively. The corresponding tables showing the optimum weights of inputs and output 

along with efficient frontier shown as bar graph is given in appendix-6 (Category-II, 2003) and 

appendix-? (Category-II, 2005). 

Table-4.14: Results ofDEA of considering inputs in category-11, (continental shelf(X22) 

and number of landing centres (X23) as inputs) for 2003 

EXCESS 

STATE PRODUCTION PERCENT CONTINENTAL LANDING PEER 
SCORE RANK PROJECTION IMPROVEMENT SHELF CENTRE STATE(S) 

WB 0.73 5 264537.2 36.61 0 506 PC,KR 

OR 0.29 10 239007.2 247.11 0 0 PC, KR,KT 

AP 0.37 9 514106.5 167.75 0 318 PC,KR 

TN 0.57 8 623293 75.49 I 136 KR 

PC I I 14968 0 0 0 PC 

KR I I 623293 0 0 0 KR 

KT I I 184075 0 0 0 KT 

GOA 0.62 7 155350.7 62.01 0 14 PC,KR 

MR 0.78 4 529652.6 27.6 74.77 0 KR,KT 

GR 0.71 6 623293 40.35 144 60 KR 
Source: Computed by the author 
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Comparing the tables 4.14 & 4.15 where efficiency of maritime states were evaluated 

with respect to continental shelf (X22) and number of landing centres (X23) as inputs for 

category-II results reveal that the number of efficient states have increased from 3 to 4. In 2003 

efficient states were PC, KR and KT. In 2005 the efficient set changed to WB, PC, KR & GR. 

But interestingly the state KT which was efficient in 2003 became inefficient in 2005. Its score 

reduced from 1 in 2003 to 0.72 in 2005 and rank plunged from 1 to 6. This was because in 

2005 it needed to improve its production by 37.95 percent. Its peer states in 2005 are WB, KR 

& GR who produced better results by utilzation of resources. However, GR and WB, by 

improving their performance, become efficient in 2005. The state WB has improved its rank 

from 5 in 2003 to 1 in 2005. It also elevated its score from 0.73 to 1. It reduced the production 

impovement requirement from 36.61 percent to nil and reduced inputs by getting rid of the· 

excess landing centres by 506 numbers and thus, became efficient. In 2003 the peer states of 

WB were PC & KR. Similarly, the state GR started to utilize its resources better in 2005. The 

state GR has improved its rank from 6 in 2003 to 1 in 2005. It also elevated its score from 0.71 

to 1. lt reduced the production impovement requirement from 40.35 percent to nil and reduced 

inputs by getting· rid of the excess landing centres by 60 numbers. In 2005 GR utilized its 

continental shelf optimally to achieve better harvest and thus, became efficient. In 2003 the 

peer states of GR was KR. 

Table-4.15: Results ofDEA of considering inputs in category-11, (continental shelf(X22) 

and number of landing centres (X23) as inputs) for 2005 
EXCESS 

STATE PRODUCTION PERCENT CONTINENTAL LANDING 
SCORE RANK PROJECTION IMPROVEMENT SHELF CENTRE PEER STATE(S) 

WB I I 197420 0 0 0 WB 

OR 0.44 9 231378.7 127.96 0 0 WB, KR, GJ 

AP 0.36 10 441917.4 176.75 0 120 PC,KR 

TN 0.56 8 536220 79.96 I 174 KR 

PC 1 1 10820 0 0 0 PC 

KR 1 1 536220 0 ,0 0 KR 

KT 0.72 6 309061.9 37.95 0 0 WB, KR, GJ 

GOA 0.87 5 93753.33 14.89 1.89 0 WB,PC 

MR 0.59 7 482163.6 70.75 3.93 0 KR,GJ 

GR 1 I 421870 0 0 0 GJ 
Source: Computed by the author 
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Although the state GOA could not became efficient but it improved its score and rank 

and bettered its performance in 2005. GOA has improved its rank from 7 in 2003 to Sin 2005. 

It also improved its score from 0.62 to 0.87. It reduced the production improvement 

requirement from 62.0 I percent to 14.89 percent. In 2003 it was using its resource of 

continental shelf effectively an efficient but had 14 excess landing centres. In 2005 it reduced 

the number of excess landing centre to zero but could not use the continental shelf properly. 

Thus, in spite of all its improvements it remained inefficient. In 2003 its peer states were PC & 

KR, but in 2005 the peer set changed to WB & PC. 

The performance of MR deteriorated in 2005 in comparison to 2003. Its rank declined 

from 4 in 2003 to 7 in 2005. Its score fell from 0.78 to 0.59. Although it started to utilize its 

continental shelf· in better manner in 2005 but its production improvement requirement • 

increased from 27.6 percent in 2003 to 70.75 percent in 2005. Thus, its performance dwindled 

and remained inefficient. In 2003 the peer states of MR were KR & KT but in 2005 they were 

KR & GR. States OR, AP & TN hold the last three positions for both the years. In 2003, OR, 

AP & TN ranked 1 01h, 9th & 81h respectively and production improvement required were 24 7.11 

percent, 167.75 percent & 75.49 percent respectively. In 2003 AP & TN had 318 and 136 

excess fish landing centres. In 2005 OR, AP & TN ranked 91
h 1 01

h and 81
h respectively and 

production improvement required were 127.96 percent, 176.75 ·percent & 79.96 percent 

respectively. AP & TN had reduced their excess fish landing centres by 120 & 174 

respectively. OR had PC, KR & KT as peer states in 2003 which was changed in 2005 as WB, 

KR&GR. 

4.9 Conclusion: 

The results obtained in this chapter ascertain our hypotheses that the resources are not 

fully exploited by few maritime states and, at the same time, there are excess inputs employed 

in some other zones. Application of DEA to measure the performances of maritime states of 

India exposes that there are enough scope for improvements in productivity. When we consider 

all the inputs together, we find that the most effective combination of inputs are the motorized 

crafts and the continental shelf. However, we also find that these inputs could have been 

utilized in a better way by the states like OR, AP,TN, KT, GOA & GR to improve their 

production. As these states are under utilizing their capacity with respect to potential harvest, it 
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could be said that there are certain zones in Indian EEZ where potential harvest is not fuily 

exploited. With relation to production in 2003 the states GOA and GR have improved their • 

harvest in 2005 and thus they have come up to the efficient frontier in that year. But, in case of 

AP & TN they neither lay off the excess motorized crafts as inputs nor they improve the 

production in 2005. On the contrary, these states without taking note of the reasons of their 

under performance in previous year, have tried to enhance the effort level by increasing the 

number of crafts with further deteriorations as a consequence. 

Category wise analysis for the years 2003 and 2005 reveals the fact OR, AP, TN, KT 

and GR are states performing below the efficient frontier with respect to use of crafts and 

gears. However, KT & GR improved in 2005 to become efficient. We have shown that number 

of motorized crafts of AP & TN increase substantially from 2003 ~o 2005. DEA analysis 

explains that they have employed excess motorized crafts to the extent of 8829 and 8327 

respectively. 

DEA analysis of category-II, where we have considered geographical and natural 

resources as well as man made facilities, also exposes similar results. The outcome 

substantiates the fact that the performance of few maritime states could not justify the number 

oflanding centers and the availability of the size of continental shelf fully. 

So far the Indian Marine Fishery is concerned, the policy-making unit is the maritime state. We 

try to identify the relative position of different maritime states with respect to utilization of 

inputs. We find that there are few zones under the management of states, where inputs are 

employed in excess of requ}rement. Where mechanized crafts and motorized crafts are 

employed more than requirement, the over harvesting seems to be the logical consequence .. 

Study indicates that certain states are trying to reduce their inputs in order to achieve the 

optimum fishery harvest. Most of the states are aware of the input utilization but some other 

states tried indiscriminately increase their fishing inputs to achieve better result without any 

success. This low productivity of some maritime states seems to indicate the cause of not 

achieving the potential level of harvest. It, therefore, follows that for Indian Maritime states, 

the further enhancement of effort by increasing the size of fishing fleet is not the desirable 

option in order to achieve the optimum level of output. 

100 



Mechanized Vessels 

and 
Efficiency 

of 

Chapter 5 

Indian Marine Fishery 

101 



5.1 Introduction: 

In the previous chapter, we have tried to analyze the performances of Indian Maritime 

states with the objective of resolving the apparently paradoxical situation relating to optimum 

· marine resource exploitation. As we have already mentioned that many studies have reported 

that Indian marine fleet size is greater than the optimum, although, at the same time, we know 

that the estimated potential of marine resources has not been fully exploited. Analysis in the 

previous chapter help us to reveal the phenomenon that overexploitation of resources or 

overcrowding of vessels is a local phenomenon and not valid equally for all maritime states. 

But over employment of inputs (mechanized vessels in this case) in marine resource does 

affect the system adversely in many ways. Firstly, level of employment of inputs higher than 

the optimum implies inefficiency as it would fetch lesser amount of productions per unit of 

input. Secondly, inefficiency of the system is compounded by the fact that over crowding leads 

to over-exploitation of resources, which may consequently reduce the biomass stock even 

below the minimum level that is required for sustainable growth of renewable resource. Thus, 

over crowding of inputs leads to increase the level of harvest effort in a particular marine zone· 

with many adverse consequences and makes the system inefficient in an accelerated speed. 

Table 4.5 (in the previous chapter) shows number of vessels in different maritime states. 

Fluctuations in the number of vessels in different years explain the inefficient allocation of 

vessels in different maritime states. In the previous chapter, we have identified maritime states 

where the number of mechanized vessels employed is more than the optimum requirement. 

However, mechanized vessels are not of same types. Several types of vessels of different size, 

lengths and capacity have been introduced in Indian Marine fishery according to the need of 

the industry as well as either to avoid or to match with the different statutory compulsions 

promulgated by the State and the Union Government time to time. 

The Indian marine fishing activities were mostly confined to the coastal zone until mid 

80's. After this period, the fishing zone was marginally extended beyond coastal zone for 

catching mostly deep-sea lobster, shrimps and also cephalopods. The major significant change 

that had been observed in Indian marine fishery (especially in the coastal region of south) was 

modernization program under Indo-Norwegian project by the Department of Agriculture, 

Government oflndia, in the 1950's. Successful implementation of the project not only changed 

individual boats into the mechanized one by the installation of inboard engines but introduction 

of mechanized boats of convenient new designs was also made possible later. Subsequently, in 

late 1970's Union Cabinet initiated introduction of medium sized outrigger trawlers along the 
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upper east coast followed by import of 25 m length overall (LOA) trawlers essentially for 

marine shrimping. However, these were also equipped for stern trawling. Indigenously 

constructed similar trawlers and mini trawlers of 15m LOA range were introduced in Indian 

marine fishing in late SO's and after SO's respectively by private fishing enterprises for 

shrimping and purse seining in the coastal zone. 

Indian EEZ was notified in 1976. The regulations to control fishing by foreign 

vessels in the EEZ were announced in 19Sl by the Government of India. Larger vessels for 

marine fishing beyond coastal zone required huge investmenfs which was not available with 

the Indian marine fishing industry. For this, before the declaration of EEZ and 19S1 

notification of GOI, Taiwanese fleet owners used their vessels capable of distant water fishing 

for harvesting in Indian waters. Declaration of EEZ and subsequent GOI notification (19S1) 

did fail to deter Taiwanese in harvesting in the Indian Territory. Taiwanese took advantage of 

Foreign Vessel Charter/Lease Joint Venture Scheme of India and continued to access Indian 

EEZ resources through vessels registered in Hong Kong, Singapore or elsewhere. On the basis 

ofthe recommendations of Murari Committee (1994), the GOI abolished the scheme19
• 

The process of liberalization of economy, formally declared in the early 1990's, 

permitted many new joint venture agreements for fishing in the Indian EEZ beyond 12 nautical 

miles of territorial waters (Kurien, 200.0b). Meanwhile, the number of medium length Indian 

fleet of 23-27 m OAL operating in deep sea at present declined to 50 only from 195 (Fishing 

Chimes, 2003). 

Scenario is completely different within 12 nautical miles of coastal zone. Here we have 

thousands of different types of fishing vessels- motorized and non-motorized traditional crafts, 

mechanized boats of different size and facilities. Numbers of mechanized boats are also 

increasing rapidly over the years as the following table-5.1 shows.· 

19 
21 recommendations of Murari Committee were approved by the central cabinet on 27 September 1996. 

Among the major recommendations of the Murari Committee were: the formulation of marine fishing regulations 
in the entire Exclusive Economic Zone (EEZ), an end to joint ventures with foreign entities, banning foreign 
fishing vessels from Indian waters and cancelling all the fishing licences to foreign vessels issued by the 
commerce ministry 
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Table-5.1: 

Year 
1950-51 
56-57 
66-67 
76-77 
86-87 
90-91 
91-92 
92-93 
93-94 
94-95 

2004-05 

Increment ofthe Numbers of Mechanized Boats Over The Years 
Within 12 Nautical Miles. 

No. ofmechanized boats Cumulative no of mechanized 
13 13 

2142 2155 
2500 4655 
11345 16000 
6906 22906 
1366 24272 
4737 29009 
1307 30316 
4532 34848 
12070 46918 
6766 53684 

Source: DAIID ( 1996): DAIID (2006). 

As we have noticed that, in general, there are opposite trend with regards to fluctuations 

in fleet size in case of motorized and non-mechanized vessels with minor exception. In case of 

fleet size of mechanized vessel , we observed that fleet size increased in all states except AP & 

TN and size remained constant in case of GOA during the period 2003 to 2005 . Number of 

motorized vessels similarly increased in all states except GOA. This increase in fleet size for 

mechanized and motorized vessels were compensated by the substantial decline in the number 

of non-mechanized vessels except WB and OR. In this respect WB and OR registered very 

exceptional pattern of increasing trend in all types of vessels. In the Fig-5.1 , the fleet size 

fluctuations of mechanized crafts among the maritime states are shown . 

Figure-5.1: 
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Mechanized sector, in marine fisheries of India, occupies a special position for many 

reasons, like the amount of capital investment, the scale of operation, .the access in deep sea, 

employment and skill of crew members, types of vessels, the amount of harvest, etc. 

Basically, there are following five types of vessels within this mechanized 

group of vessels; 

1. Trawlers 

2. Dol-netter 

3. Long-liners 

4. Gill netters 

5. Purse seiners 

The target species, capacity of vessels, mode and styles of operation etc. of these 

vessels are different from each other. Areas of sea where these vessels are being used· for 

harvesting are, therefore, also different. 

In this chapter we will consider all these types of mechanized vessels as input for 

measuring efficiency of maritime states. This would help us to identify which areas of the 

Indian EEZ are over employed and with what type of vessels. Th,is analysis may help us to 

framing an allocation principle of mechanized vessels. 

Another feature, which is important with the advent of mechanized crafts, is 

involvement of skilled human resources. All these vessels are fitted with different modern 

gadgets and gears and, therefore, require skilled fishermen and crew. Performance of maritime· 

state, therefore, also depends on the availability of human resources and their levels of skills. 

We, therefore, will consider availability of human resources as one of the determinants or 

inputs in this chapter. (We did not consider this category of inputs in the last chapter.). 

There are three types of fishermen involved in production process (fishing) in each 

state: (i) full time fishermen, (ii) part-time fishermen and (iii) occasional fishermen.Z0 We have 

combined these three different types of fishermen into one as human resources and used in the . 

model as a single input, namely 'effective fishermen' (X6), which is obtained as weighted total 

of above three types and computed as follows. 

20 According to census classification (DAHD,2006), any fisherman who spends more than 30 percent but less than 
90 percent time in fishing activity is called part-time fisherman, whereas any fisherman who spends less than 30 
percent time in fishing activity is called occasional fisherman .. 
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Number of Effective fishermen (X6) = 1.0 * number of fulltime fishermen + 0.6 * number of part-

time fishermen + 0.2 * number of occasional fishermen. 

Average time spent in fishing by each type of fishermen is used as weight-age. 

Finally, therefore, we have the following variables which we could consider as inputs: 

X 1: number of trawlers, 
X2 : number of dol-netters 
X3: number of liners 
X4: number of gill-netters 
X5: number of purse-seines. 
XG: effective fishermen 

5.2 Selecting Determinants as Inputs in DEA Model: 

While running the DEA here also we face the same problem of excess inputs than 

permitted. The number of DMU only being ten, we could not use all 6 variables together as 

inputs as it would create the problems involving degrees of freedom (Cooper, Sieford, Tone, 

2004). Also there is certain interdependence between some variables which could have the 

same spurious effects. Here too we could employ at most two variables as inputs along with 

the output. As we did in previous chapter we would select only two variables from the set of 

six potential variables already mentioned. Our objective is to select any two variables whose 

joint contribution in output is relatively higher than any other group of two variables of the set 

and, at the same time, as explanatory variables those two would not form spurious relationship 

with the dependent variable. For this we adopt Frisch's Confluence Analysis method as before 

(Koutsoyiannis, A. 1977). 

We assume the following regression relation 

Y= f(Xj) for j = 1, 2, ... ,6, 

Where Xj are determinants as stated above used as independent variables. We regress 

the dependent variable (in this case production of the year 2005) on each of the above six_ 

explanatory variables separately. We then examine the results of these elementary regressions 

on the basis of a priori and statistical criteria. We select the most plausible regression (the 

variable with maximum value of R2
) and introduce remaining variables gradually to examine 
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their effects on coefficients, on their standard errors and on the overall R2 and then classify the 

additional variable as useful, superfluous or detrimental. 

In the year 2005, from the estimated equation Y =A+ Aj Xj for j =I, 2, .... 6, we find 

that for j = 1 (i.e~ for the number of trawlers X1 ), the goodness of fit is the highest (R2 = 

0.608). [A1, however appears to be insignificant by S.E. test (s (AI)< AI/2))]. The variables with 

next higher value of R2 is X6 ceffective fishermen) and its value is R2
= 0.272. Introducing X6 

with X 1, R2 improves to 0.639 and also coefficients do not change adversely and thus X6 may 

be accepted as a useful explanatory variable. Next we introduce X2 (number of dol-netters). 

with X 1• Although, the value ofR2 improves but the co-efficient changes its sign. Hence X2 has 

a detrimental effect and we discard X2 •. Similarly, if we introduce X3 with X 1 it has the same 

detrimental effect and thus we discard x3 also. Introducing x4 with XI however improves the 

value of R2 to 0.612 and also the co-efficient does not change its sign. Hence X4 also can be 

taken as useful variable along with X1 which contributes positively for the production of the 

year 2005. 

Following table shows the results of Frisch' Confluence analysis for the year 200521
. 

T bl 52 a e- . : R esu ts o fF . h' C fl nsc s on uence A I . ~ h naty_s1s or t e l'ear 2005 

VARIABLES x, Xz x3 x4 Xs x6 R2 

x, 0.051 

(0.014) 0.608 

x2 0.029 
(0.036) 0.075 

x3 0.114 
(0.228) 0.030 

~ 
0.017 

(0.041) 0.022 

Xs 
-0.037 
(0.356) 0.001 

x6 0.001 
(0.001) 0.272 

x,.~ 
0.045 0.001 0.639 

(0.0 17) (-0.001) 

x,.~ 
0.05 0.007 0.612 

(0.0 15) (0.028) 
• 0 

Source: Computed b:y the author. Figures m parenthesis mdicate SE of estimates 

ZI Results of the combination which produce either detrimental or spurious relationship are not shown in any of 
the Frisch's' Confluence analysis table. 
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None of the other combination comes out as plausible. Hence, as we are constrained to 

consider only any two variables as determinants of the marine fishery output for the year 2005, 

we may consider either of the following two sets of variables: 

(1) The number of trawlers (X1) and number of effective fishermen (X6) 

(2) The number of trawlers (X1) and number of gill-netters (X.). 

Efficiency of maritime states would, therefore, be analyzed by DEA initially with 

respect to each of six variables and subsequently with respect to above two sets (two variables 

in each set) identified as most effective by Frisch' Confluence Analysis. 

5.3 Application of DEA: 

Again we write down our output oriented BCC-0 form which we are using for 

measuring the efficiency of the Indian maritime states considering the different mechanized 

boats. 

Max 7J 

subject, to 

XA~ x 0 

7JY 0 -YA~0 

e A = 
A ~ 0 

Where, 11 is the efficiency score, X= input vectors specified as above, Y= fish production of 

each maritime state of the year 2005, x0 = virtual input combination, y0= virtual output. The 

above constraints can be written as shown below: 

X0 - X It - s- = 0 

1Jy0 -YIL+s+ =0 

elL= 1 

IL~O 

Where s- is the input excess and s + is the production shortfall. Condition of DEA efficiency 

demand that all the measures are to be satisfied simultaneously. These are 

(i) Score (TJ) = I 

(ii) Input excess (s-) = 0 and 

(iii) Production shortfall (s +) = 0. 
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DEA 

5.3.1 Results of DEA considering each of the determinants as a single input: 

Single input DEA results are shown in Tables 5.3, 5.4, 5.5, 5.6 and 5.7 representing 

Relative Scores, Relative Ranks, Excess Inputs (s-), Production Shortfalls (s +) and Peer States 

respectively. 

It is important to note that for two maritime states, namely; WB & OR numbers of all 

types of vessels increases registering a tendency just opposite to the other maritime states 

(Table-4.2 of previous chapter). Results shown in table 5.3 exhibit that WB lies on the efficient 

frontier only with respect to trawler numbers while OR performs below the frontier for every 

input. The tendency of substantial increase in number of all types of vessels, therefore, did not 

appear to be beneficial for efficient performance of these two states. Table 5.5 shows that, for 

those two states - dol-netters, liners and gill netters are in excess of their corresponding peer 

state which in both cases is KR. It simply implies that WB produces the same output of KR 

with in excess of 1692 dol-netters, 56 liners and 3927 gill netters. Similarly, OR produces 

identical output of KR with excess dol-netters of 254, 18 liners and 1332 gill netters. The 

corresponding tables showing the optimum weights of input and output along with efficient 

frontier shown as bar graph is given in appendix - 8 to appendix -13 (taking effective 

fishermen, trawler, purse-seiner, dol-netter, 1 iner and gillnetter respectively as individual 

input). 

Table-5.3: Efficiency Scores of Maritime States for the Year 2005 with respect to Single 
DEA I nput 

RELATIVE SCORES ('l) 

~ 
EFFECTIVE PURSE-

FISHERMEN TRAWLER SEINER DOLNETER LINER GILL-NETIER 
M 

WB 0.557894 1 0.467964 0.36817 0.368169781 0.36816978 

OR 0.217237 0.3749 0.216669 0.189288 0.189287979 0.18928798 

AP 0.310752 0.5034 0.378505 0.297788 0.297788221 0.30046265 

TN 0.555686 0.5557 0.573815 0.555686 0.555686099 0.5556861 

PC 9.21 E-02 1 2.56E-02 2.02E-02 0.132598039 4.57E-02 

KR 1 1 1 1 1 1 

KT 0.959602 0.5762 0.417814 0.417814 0.417813584 0.41781358 

GOA 1 0.3717 0.152176 0.152176 1 1 

MR 0.775885 0.5266 0.526612 0.526612 0.526612211 0.52661221 

GR 1 . 0.7867 1 0.786748 1 0.78674798 

Source: Computed by the author through DEA-Solver. 
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In case of AP, although it is inefficient with respect to every input, it. has only 10 

numbers of excess liners only. It does not have any other input as excess but it has to improve 

its production for each of the inputs to relocate itself on the efficient frontier. It implies that its 

peer states are achieving higher harvest with the same amount of input. 

If we consider the individual states and individual results tables, then we see 

WB is only efficient with respect to the number of trawlers employed. For that case it has an 

efficiency score equal to 1 (table 5.3), it does not have any excess trawler (table 5.5) and also it 

does not have any production shortfall (table 5.6). Hence the situation in WB satisfies all the 

required conditions for optimality when trawlers are taken into consideration. Performance 

with regard to other inputs, however, it is lying below the frontier. It has excess dol-netters of 

1692 numbers, excess liners of 56 numbers and excess gill-netters of 3927 numbers (table 5.5) 

when those are considered as single input. Production shortfall for WB is respectively are· 

156.4463, 224.45, 338.8, 338.8 and 338.8 thousand tonnes for inputs of effective fishermen, 

purse-seiner, dol-netter, liner and gill-netter (table 5.6). Utilization of these inputs in WB is 

inefficient because its peer state(s) GOA, GR & KR are utilizing their resources more 

efficiently. 

Table-5.4: Relative Performance Ranks of the Maritime states for the year 2005 with 
res pee t t I DEA. o smgle mput 

DEA RANK 

~ EFFECTIVE PURSE- GILL-
M 

FISHERMEN TRAWLER SEINER DOLNETER LINER NETTER 

WB 6 I 5 6 7 

OR 9 9 8 8 9 

AP 8 8 7 7 8 

TN 7 6 3 3 4 

PC 10 I 10 10 10 

KR I I I I 1 

KT 4 5 6 5 6 

GOA I 10 9 9 1 

MR 5 7 4 4 5 

GR I 4 I 2 1 

Source: Computed by the author through DEA-Solver 
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DEA 

Similarly for the state OR, we can see that it is the worst performing state. Its rank is 8 

for two individual inputs or 9 for four individual inputs (table5.4). It has excess dol-netters of 

254 numbers, excess liners of 18 numbers and excess gill-netters of 1332 numbers (table 5.5), · 

while each of those are considered as single input. Production improvement required for 

betterment of OR's performance are 365.731, 169.2664, 366.957, 434.72, 434.72 and 434.72 

thousand tonnes respectively for inputs of effective fishermen, trawler, purse-seiner, dol-netter, 

liner and gillnetter (table 5.6). In these cases peer state(s) of OR are GR, WB & KR. 

Table-5.5: Excess inputs used by the Maritime states for the year 2005 with respect to 
Single DEA Input 
EXCESS INPUTS (s-) 

~ 
EFFECTIVE PURSE- GILL-

FISHERMEN TRAWLER SEINER DOLNETER LINER NETTER 
M 

WB 

'OR 

AP 

TN 

PC 

KR 

KT 

GOA 

MR 

GR 

0 0 0 1692 56 3927 

0 0 0 254 18 1332 

0 0 0 0 10 0 

64723.6 1318 0 II 771 227 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 451 0 18 826 

0 0 142 0 0 0 

0 237 102 4409 243 2122 

0 4020 0 2425 0 1935 

Source: Computed by the author through DEA-Solver 

While considering the effective fishermen as input we find that the states GOA, KR & : 

GR are utilizing their human~resources efficiently and achieving optimum production. As we 

can see that these maritime states' score are I (table-5.3), excess number of fishermen for each 

of them is zero (table-5.5) and production shmtfall is also nil (table-5.6). Only the state TN has 

excess of 64723 numbers of fishermen. Although the other states may not have excess 

fishermen but they must improve their production to become efficient. For the state TN, 

though it has reduced its number of mechanized crafts than previous year, but it is not 

sufficient. Its peer state in each case is KR and the result implies that TN has to reduce its 

number of trawlers, dol-netters, liners and gill-netters further by 1318, 11,771 and 227 (table 
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5.5) respectively for its performance improvement. With the less number of mechanized 

vessels, the state KR has better amount of harvest. Hence TN has to shade off these excess 

inputs to lift itself at the efficient frontier. 

Table-5.6: 

DEA 

~ M 

Production improvement required by the Maritime states for the year 2005 
with respect to Single DEA Input 

PRODUCTION SHORTFALLS (s+) (in thousand tonnes) 

EFFECTIVE PURSE- GILL-

FISHERMEN TRAWLER SEINER DOLNETER LINER NETTER 

WB 
.156.4463 0 224.45 338.8 338.8 338.8 

OR 
365.731 169.2664 366.957 434.72 434.72 434.72 

AP 
354.1695 157.5056 262.19 376.54 376.54 371.7671 

TN 
238.25 238.25 221.3093 238.25 238.25. 238.25 

PC 
106.677 0 411.05 525.4 70.78 225.8297 

KR 
0 0 0 0 0 0 

KT 
9.431848 164.7839 312.18 312.18 312.18 312.18 

GOA 
0 137.9244 454.62 454.62 0 0 

MR 
81.5657 253.84 253.84 253.84 253.84 253.84 

GR 
0 114.35 0 114.35 0 114.35 

Source: Computed by the author through DEA-Solver 

As we can see from the tables that KR is the only state which is efficient with respect to 

each and every input. It is utilizing its resources optimally and efficiently. It has an efficiency 

score equal to 1 (table 5.3), it does not have any excess vessel of any type (table 5.5) and, also, 

it does not have any production shortfall (table 5.6) for any of the inputs. It is the best 

performing state when individual input is considered. 

Although the state PC does not have any excess input, its rank is at the bottom with 

respect to each input barring trawlers. It needs to improve its production for inputs of effective 

fishermen, number of purse-seiners, number of dolnetters, number of liners, and number of 

gill-netters by 106.677, 411.05, 525.4, 70.78 and 225.8997 (table 5.6) thousand tonnes 

respectively. The state KT is also inefficient with respect to each input. It ne·eds to reduce its 

inputs of purse seiners, liners and gill-netters by 451, 18 and 826 numbers respectively. Further 
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DEA 

it has to improve its production because its peer states are utilizing their inputs more 

efficiently. The state GOA is efficient with respect to three inputs. They are effective 

fishermen, liners and gill-netters. It has 142 excess purse-seiners and it needs to improve its 

production by 454.62 thousand tonnes with respect to the number of trawlers to become 

efficient. 

Table-5.7: Peer States of the Maritime states for the year 2005 with respect to Single 
DEAl t npu 

PEER STATES 

~ 
EFFECTIVE PURSE-

M 
FISHERMEN TRAWLER SEINER DOLNETER LINER GILL-NETTER 

WB 

OR 

AP 

TN 

PC 

KR 

KT 

GOA 

MR 

OR 

GOA,GR WB OR KR KR KR 

KR,GR WB,KR KR,GR KR KR KR 

KR,GR WB,KR OR KR KR KR, GOA 

KR KR KR,GR KR KR KR 

GOA,GR PC OR KR GOA KR,GOA 

KR KR KR KR KR KR 

GOA,GR WB,KR KR KR KR KR 

GOA WB,KR KR KR GOA GOA 

GOA,GR KR KR KR KR KR 

OR KR OR KR OR KR 

Source: Computed by the author through DEA-Solver 

The state MR has all types of mechanized crafts in excess. Although it does not 

have excess fishermen but its peer states GOA & GR are using their human resources more 

efficiently than MR. For all types of mechanized crafts KR is MR's peer state and thus MR 

needs to reduce its trawler number by 237, purse-seiners by 102 numbers and dol-netters by 

4409, liners by 243 and gill-netters by 2122. 

Lastly, the state GR is efficient with respect to the effective fishermen, purse-seiners 

and liners. It has excess trawlers, dolnetters and gill-netter of about 4020, 2425 and 1935 

respectively. And for all the three above cases· KR is its peer state. 

5.3.2 Results of DEA with two inputs: 

In section 5.2, we have discussed that the maximum number of input variables that we 

could incorporate in our DEA model is two. We have also found two sets of variables those 
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DMU 

WB 

OR 

AP 

TN 
PC 

KR 

KT 

GOA 

MR 

GR 

predominantly contributes the harvest output. In this section we would now adopt single output 

two input DEA model to identify misallocation of inputs, if any, among the maritime states of 

India. Inputs and output of the present discussion are specified in the following table- 5.8. 

Table-5.8: 

Output 
Harvest 

Harvest 

Input Output Combination for DEA as 
Determined by Frisch's Confluence Analysis 

Input(s) 
i) Number of trawlers 
ii) Number of effective fishermen 
i) Number oftrawlers 
ii) Number of gill-netters 

5.3.2.1 Trawlers and Effective Fishermen as Inputs: 

We obtain DEA results with number oftrawler(X1), number of effective fishermen (X6) 

as input against annual marine harvest. We find the efficiency of the maritime states (DMUs) 

and resource allocation in accordance to the application of BBC-0 model specified in section 

5.3. Results of DEA are given below in table-5.9. The corresponding tables showing the 

optimum weights of inputs and output along with efficient frontier shown as bar graph is given 

in appendix-14. 

Table-5.9: Results ofDEA of considering Number of trawlers (X1) & Number of 
effective fishermen (XG) as inputs 

PRODUCTION EXCESS INPUTS 

SHORTFALL (s+) (in TRAWLER ·EFFECTIVE PEER 
SCORE(TJ) RANK thousand tonnes) cs~-) FISHERMEN(s.-) STATE(S) 

1 1 0 0 0 WB 

0.374862 10 169.266382 0 21588_55 WB,KR 

0.503428 9 157.5055991 0 34620.43 WB,KR 

0_555686 8 238.25 1318 64723.6 KR 

I I 0 0 0 PC 

I I 0 0 0 KR 

I I 0 0 0 KT 

1 1 0 0 0 GOA 

0.848478 7 50.42754418 0 0 KR,KT,GR 

1 I 0 0 0 GR 
"Source: Computed by the author through DEA-Solver 

Results reveal that six DMUs, namely, WB, PC, KT GOA, KR and GR have scored 

unity_ It implies that these states are lying on the efficient frontier. These states appear to be 
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I 

DMU 
WB 
OR 
AP 
TN 
PC 
KR 
KT 
GOA 
MR 
GR 

efficient as excess inputs (st-, Se-), and production shortfall (s +) are zero for all these states. For 

OR and AP only se- is greater than zero. This implies that fishermen are employed more than 

the requirement in these two states. But in case of TN both inputs are excess of requirements. 

Results show that St-=1318 and Se- = 64723. 

Situation, however in another inefficient maritime state MR is different. Neither the 

trawler (st-), not effective fishermen (se-) are positive, but production shortfall s+ >0. It implies 

that input productivity is relatively less than KR, KT & GR- these are peer states of MR. In 

short, this analysis reveals that many fishers of these regions, namely, Orissa, Andhrapradesh ·. 

and Tamilnadu, are operating inefficiently because of over employment of inputs and MR 

suffers from lesser productivity ofboth inputs. However, TN is the only state which employed 

1318 trawlers in excess of optimum requirement. 

5.3.2.2 Trawlers (XI) and Giii-Netters (X4) as Inputs: 

We will now consider another set of variables as inputs, namely, trawlers (X1) and gill

netters (X4). Results of DEA are provided in the Table- 5.1 0. The corresponding tables 

showing the optimum weights of inputs and output along with efficient frontier shown as bar. 

graph is given in appendix- 15. 

Table-5.10: Results ofDEA of considering trawlers (XI) and gill-netters (~)as inputs. 

PRODUCTION EXCESS INPUTS 
SHORTFALL 
(s+) (in thousand TRAWLER GILLNETER PEER 

SCORE(ll) .RANK tonnes) (St-) (Sg-) STATE(S) 
1 1 0 0 0 WB 
0.480198 10 109.87 0 0 WB,KR,GOA 
0.692372 6 70.95 0 0 WB,KR,GOA 
0.555686 8 238.25 1318 227 KR 
1 1 0 0 0 PC 
I I 0 0 0 KR 
0.624441 7 134.74 0 0 WB,KR,GOA 
1 1 0 0 0 GOA 
0.526612 9 253.84 237 2122 KR 
0.786748 5 114.35 4020 1935 KR 

Source: Computed by the author through DEA-Solver 

We observe that only four maritime states scored unity, namely, WB, PC, KR and 

GOA. Since input excess (st-, Sg-) and production shortfall (s +) are zero, these states are lying 
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on the efficient frontier. Out of remaining six maritime states, three states, namely, OR, AP and 

KT do not show any excess inputs but operating below the efficient frontier. It implies that 

productivity of trawlers and gill-netters in these three states are less than their corresponding 

peer states, namely, WB, KR and GOA. 

However, other three states, namely, TN, MR and GR have employed both trawlers (s1-) 

and gill-netters (sg-) in excess of the requirement. DEA results show that 13I8, 237 and 4020 

trawlers and 227, 2I22 and 1395 gill-netters are appeared to be excess in those three maritime 

zones. We find that, with respect to the harvest output of trawlers and gill-netters, six out often 

zones are operating at the level below the productivity level achieved by the peer states. 

5.4 Comparison of the Results of single input with two inputs: 

The results reveal that the maritime states' performances vary when we consider either 

trawler or fishermen as single input or trawler & fishermen together. The state WB remains 

efficient when we consider trawler as a single input or trawler & fishermen together as inputs 

but its efficiency declines if we only consider the fishermen only against output produced. In 

that case WB needs to improve its production by 79.25 percent (Table-5.6) in order to become 

efficient. For all the three cases the only efficient state is KR, i.e. the state KR is using its 

inputs efficiently, whether it is using it alone or together. It implies that the state Kerala has 

employed optimum number of trawlers & fishermen. The state PC has its similarity with WB. 

In PC their productivity of the fishermen is very low and thus they are ranked 101
h. They need: 

to improve their production by I 06.667 thousand tonnes to take themselves to efficient 

frontier. The states OR, AP & TN are performing very badly if we consider all the three 

different cases. In case of TN it has excess fishermen of 64723.6 numbers, it has excess 

trawlers of I3I8 numbers and also it needs to improve its production to become efficient. The . 
state AP is ranked 81

h if we consider trawlers only or only fishermen but its rank is lowered to 9 

if we consider both together. In that case it also has excess effective fishermen of 34620.43 

numbers and also need to improve its production by I57.5054 thousand tonnes. The state OR 

too shows similar effect if we consider both the inputs together. The state OR is ranked 91
h if 

we consider trawlers only or only fishermen but its rank is lowered to I 0 if we consider both 

together. In that case it also has excess effective fishermen of 21588.55 numbers and also need 

to improve its production by I69.2664 thousand tonnes to become efficient. Efficient frontier

with respect to the human resource employed in marine harvesting is formed by the states KR, 
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GOA & GR only. All other. states are lying below the frontier. However, only TN shows 

64723.6 effective fishermen are in excess of the present requirement. In other states, the result 

of the study reveals that there exist no excess fishermen. Even then they are inefficient because 

their output is inadequate to justify the total crewmen (fishermen) employed. In order to be 

placed on the efficient frontier, these states must improve their productivity. Using similar 

levels of inputs the efficient states (peers) are producing better output than these states. The 

required level of improvement or production shortfall is shown in table -5.6. The implication 

of this is that the productivity per fishermen of these states is less than what it ought to be. 

Here also, the low level of biomass stock may be the reason. 

A very interesting result is shown by the state KT. If we consider only trawler or only 

fishermen the state is inefficient in both the cases but when we consider trawler & fishermen . 

together the state KT becomes efficient. This implies that joint effort of trawlers and fishermen 

has positive impact on productivity and both inputs are complementary to each other. The state 

MR also improves its score to 0.848478 if both the variables are taken together as inputs. But it 

still needs to improve its production to take itselfto the efficient frontier. The states GOA and 

GR also showed interesting results. For both the states if we consider only trawler as input they 

appear to be inefficient. It indicates that GR needs to shade off 4020 numbers of trawlers to 

become efficient. Also they need to improve their production a notch. But when we consider 

only fishermen or trawler & fishermen together both the states become efficient. That implies, 

fishermen effectively improve the performances of the trawlers as well as the states of GOA & 

GR. The results show that some states when individual inputs are considered, they become 

inefficient but combining the other inputs they become efficient. 

We have also run another DEA considering the number of trawlers and the number of 

gill-netters together as inputs. The results are in the following table. 

When gill-netter (X4) is considered along with trawler (X 1) four maritime states appear 

efficient, namely WB, PC, KR and GOA. Values of production shortfalls and excess inputs for 

the inefficient states are shown in table-5.1 0. The inefficient states TN, MR & GR has excess 

trawlers of 1318, 23 7 and 4020 numbers respectively and excess gill-netters of 227, 2122 and 

1935 numbers respectively. They need to improve their production by 238.25 thousand tonnes, 

253.84 thousand tonnes and I 14.35 thousand tonnes respectively to become efficient. The state 

AP has improved its score as well as rank by the introduction of gill-netters with trawlers. Also 
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its production enhancement requirement has lessened. That implies the state AP utilizes its 

resources better if it combines its inputs of trawlers and gill-netters together. But for the state 

KT it is exactly the opposite. Although KT improves its score from 0.576199 to 0.624441, its 

rank went down from 5 to 7. Also its production improvement went down from 164.7839 to 

134.7448 thousand tonnes. It implies that, although the state KT betters its performance for 

itself when· it combines gillnetes with trawlers but it is not enough or sufficient with respect to 

other states. The other states combine them better to achieve higher efficiency score and higher 

rank. Six out of ten maritime states (DMUs) being inefficient, it explains why the CPUE is 

declining in Indian Marine Fisheries. This also indicates how the situation can be improved if 

the estimation of biomass stock in these marine zones is available. Because, there are maritime 

states which are appeared as inefficient but do not show any excess fishing boats. The reason 

may be the insufficient biomass stock. If the stocks of biomass in these zones are found to be 

inadequate to cater the existing number of motorized crafts and gill-netters then excess crafts 

and gill-netters should be shifted to other zones. This would prevent the danger of 

overexploitation and would also solve the problem of declining CPUE. 

5.5 Conclusion: 

The result obtained in this chapter establishes the fact that there exists a paradoxical 

condition in Indian Marine Fishery. It also ascertained that Indian Marine Fishery has not been 

exploited to the fullest potential of the biomass stock because there ~re zones where there are 

massive production shortfalls. At the same time the result also justified the claims of some 

experts, who complained about over harvesting with use of excess crafts and gears. It could be 

stated that on the average, states are using excess inputs. They need to reduce the surplus 

inputs to become efficient. 

The analysis of efficiency of Indian maritime states using different types of mechanized 

vessels as inputs seems to provide explanation of paradoxical situation of Indian Marine 

fishery. Results indicate that in majority of states labour productivity is very low although, 

DEA analysis shows, there are no excess fishermen. This low productivity seems to indicate 

the cause of not achieving the potential level of harvest. Result proves that there are unutilized 

resources in the form of excess effective fishermen which can be used for improvement of 

marine harvest productivity. 
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There are certain states, namely, TN, MR and GR where there are production shortfall 

as well as excess inputs of mechanized vessels. These are the states where overexploitation is 

happening as well as they have failed to reach the targeted potential. Some other maritime 

states, (KT, OR), where there are no excess inputs but production shortfall exists. This implies 

that they did fail to harvest their fullest potential. These states can enhance their production up 

to certain extent so that the targeted potential indicated by MSY can be achieved. The result in 

table 5.5 also proves that overcapacity exists in the form of excess numbers of different kind of 

mechanized fishing boats/ crafts which in turn can be termed as the cause of inefficiency. 

Therefore, restriction and regulation in the operation as well as licensing of new mechanized 

boats is an absolute necessary to enhance the efficiency and productivity of the maritime states. 

Also it follows that redistribution of excess mechanized crafts are required to achieve the target 

potential. 

It is very important for the states to identify the types of mechanized boats which give 

them optimum harvest from their territorial waters. Each maritime state must concentrate on. 

licensing those particular type of fishing crafts. For example, results reveal that for WB, 

trawlers and purse seiners are very effective rather than gill-netters, liners or dol-netters. For 

trawlers and purse-seiners WB achieved the score unity, having no excess input as well as no 

production shortfall. WB may consider giving more licenses to trawlers and purse-seiners 

instead of other mechanized boats. At the same time, it would be wise decision to relocate 

excess gill-netters, liners or dol-netters to other states, namely, GOA, PC. 

The state KR projects itself as an ideal state for every kind of input and for every 

aspect. It does not have any excess input, and its production is also optimum for every type of 

mechanized boats. Hence the other states can follow Kerala (KR) model for betterment of their 

performances. Especially those states TN, AP, KT who share their boundary with Kerala, or 

has similarity in geographical location and continental shelf. 
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Chapter 6 

I . 

Summary 
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6.1 Brief Summary: 

The absence of management of renewable natural resources like fishery is a major 

cause for concern to the government and non-government agencies, policy makers, 

conservationists and economists. Reason is that the uncontrolled exploitation of these resources 

may prove to be disastrous in future for both economy and ecology of our country as well as of 

the world. Indian marine fishery is one of the important sectors with respect to employment 

generation, revenue and foreign earning ofthe government, availability of nutritious diet ofthe 

general populace and many other factors. Considering the large coastal zone of India and 

involvement of millions of people in traditional marine fishing in every maritime state, mis

allocation of effort levels among these states can not be ruled out. Non-optimal distribution of 

harvest factors among these states, that constitutes the tot~! effort, may be detrimental to the 

marine r~source in many ways. First and foremost reason is that ov.er-employment of any 

factor of effort in any state would reduce the harvest per unit of effort. This would, in turn, 

induce to enhance effort level as well as to adopt other means violating restrictions and 

regulations. For example, it may increase amount of juvenile catch or volume of discarded 

species. Evaluation of the efficiency of the Indian marine fishing fleet of maritime states using 

DEA is a small step towards the optimal natural resource utilization problem. 

India or any country can hardly ignore the efficient management of its natural 

resources. The efficient management of natural resources with the objective of optimal 

exploitation as well as conservation requires appropriate application of managerial techniques. 

With a view to long term sustainability, the study of current practices of management of 

natural resources like marine fishery is needed to find the solution of management, control and 

the scope of improvement of optimal resource exploitation. Harvesting of marine fish requires 

careful control to avoid overexploitation. The renew-ability of natural resources depends on 

our aptitude to see that too many marine animals and plants are not harvested and that the 

environment on which they depend does not deteriorate. This implies that fishing has to be 

regulated and the. marine environment to be protected. The present thesis, applies DEA to: 

obtain optimal allocation of fishing fleet among different maritime states with relation to the 

efficient performance. 

Chapter 2 presents an overview of Indian marine fishery and its management problems 

as a whole. It gives a compact physical description of Indian marine fishery along the east and 
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west coasts of India. This section contains topological description of harvesting zones, account 

of marine resources and its estimated potential or availability in the Indian EEZ. This chapter 

also briefly discusses the infrastructure and facilities existing for the marine fishery of India. 

This chapter devotes a section to deal with somewhat detailed discussion of Indian marine 

fishing fleet, their types, differentiations etc. Another section contains information about actual 

marine fish harvest in different maritime states and fish landings in different zones. The 

available data and information of Indian marine fishery indicate that although India has rich 

natural marine resource and a great possibility in utilizing renewable resources successfully 

and efficiently there is a large gap between the target and the potential. We tried to have a 

plausible, rational and logical explanation of the situation. In this context the present practice 

of management and its problems and challenges were discussed. It has been observed that 

improvements in the harvesting methods, increase in the fishing effort and extension of fishing 

zone into relatively deeper regions have continuously been made over the years since 

independence. As a result of that fleet size and operations underwent quantitative and 

qualitative changes. However, continuous increase of number·of fishers, use of different kinds 

of boats and introduction of new gears etc pushed Indian marine fishery towards 'tragedy of 

commons' like situation. There are many empirical finding that claimed over- crowding 

problem, as well as overcapitalization and overcapacity and that possibly reached to an open 

access equilibrium point. This tempted the government to promulgate regulations to enforce· 

restrictions in order to sustain marine resource. We have shown in this chapter that government 

regulations include size restrictions, closure of seasons, imposition of moratorium for specific 

species etc. In this chapter, we also discussed briefly the present statutory jurisdiction of 

provincial and union government. We have described the existing government policy regarding 

different types of vessels, incentives policy of export oriented venture, licensing policy of 

Indian owned vessel in Antartic waters etc. 

In chapter 3 we present a very brief and comprehensive discussion on DEA as a 

technique of measuring efficiency. Since model selection is one of the difficult task in 

application of DEA, we give the specific formulation of DEA that we have applied in this. 

thesis. We also explained the reason of choosing the particular model to be applied for our 

study. Along with these, we also discussed the different types of efficiency concepts those are 

present in the literature and how DEA could capture those concepts. Different methodological 

restrictions and limitations of DEA method are outlived. We have concluded that output 
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oriented Banker, Charnes' and Cooper model of DEA in the dual form is the best suited for 

objective of identifying maritime states with inefficient performance when different inputs 

remain unchanged. 

The problems of excess number of fishing vessels and over-fishing have been the 

subject of considerable worldwide attention and concern in fisheries for decades. Expressed 

concern is not single but multi-dimensional. Many different aspects are mingled with the 

problem of over fishing. These are ecological, economic and biological. The.problem of over

fishing .is directly related with capacity utilization of harvesting efforts that have been 

employed. It may reduce the biomass stock to below critical level, which, in turn would bring 

forth negative impact on ecology. Unfortunately no or limited consensus has, however, 

emerged about how one might effectively measure the extent of capacity utilization and how • 

these estimates to be used to guide policy formation and implementation. In chapter 4 we apply 

DEA to estimate the performance of maritime states. We started with the discussion about the 

determinants of the maritime states' harvest output. We have identified and categorized three 

distinct groups of key contributing factors - firstly, types of fishing vessels; secondly, access to 

geographical location and man-made facilities; and thirdly, types of human resources involved. 

In this chapter, we have done the analysis incorporating three types of vessels only namely, 

mechanized crafts, motorized crafts and non-mechanized crafts without considering further 

sub-divisions of vessel type. In our analysis, the decision making units (DMUs) are ten 

maritime states. Our specific objective of this chapter is to determine whether the effort inputs, 

like vessels, are optimally distributed among the maritime zones (here provincial states). It has 

been done by using DEA. 

In applying the DEA we have come across the problems of small number ofDMU. As 

mathematical restriction compelled us to consider only two factors as inputs at a time for every 

DEA run, we took the help of Frisch's Confluence analysis for the selection of appropriate 

factors. This chapter contains the analysis of the results obtained by using DEA to evaluate the 

efficiency of the maritime state with respect to the selected explanatory variables for the years 

2003 and 2005. To make this study as comprehensive as possible we initially selected inputs 

from the set of all inputs together. Subsequently, we selected inputs from each category. We 

applied DEA separately for 'each selection and results were compared for final interpretation. 

DEA analysis revealed that fishing fleet is not distributed optimally among the maritime states 

given the biological/ geographical resources. Some maritime states within the jurisdiction of 
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maritime zones are over crowded with fishing fleet where over exploitation and depletion of 

biomass stock is a logical consequence. On the other hand, there are maritime states wherein 

there is enough scope for enhancement in production (harvest) to utilize the existing marine 

resources optimally. Analysis in this chapter appears to suggest that those inefficient states due 

to excess fleet should commission schemes targeting specific boats or types of boats to remove 

from the industry in order to enhance economic efficiency and viability of the fishery sector. 

However, comparing the results of the relative performances of each maritime state between 

the years 2003 and 2005, a positive change has been observed. Analysis suggests that 

conversion of the boat types from motorized to non-mechanized or vice-versa is not the 

solution of the excess fleet problem. Our analysis indicates that reallocation of input factors 

would be good for optimal utilization of Indian marine resources and it would also ensure the 

economic viability of entrepreneurs or fisher-folk involved in the industry. It is, therefore, 

required that a policy should be adopted involving all maritime states. 

Intensified over-fishing had been reported by several studies including CMFRI for last 

few years. Many studies along with official data and estimates expose that the Indian marine 

production is yet to achieve the estimated potential of marine harvest. Since both observations 

are not feasible simultaneously, it appears paradoxical. Orie of the objectives of our present 

study is to probe the reasons of the inconsistency in observations reported by different 

agencies. Analysis in chapter 4 indicates that both under-employment and over-employment of 

effort level may be true zone wise. Analysis seems to identify two groups of inefficient zones 

operating below the efficient frontier. While one group of maritime states becomes inefficient 

because of over employment of efforts because of excess fleet, the other group of maritime 

states become so due to under employment of efforts by not utilizing their natural marine. 

resource. In the first case, there seems to exist over exploitation, while in the second, there 

seems to exist under achievement. This revelation has further been investigated in chapter-S 

with respect to mechanized boats and crew members as inputs. Phenomenal increase in the 

n.umber of mechanized fishing boats in the last two decades was a cause of concern, because 

their zone of operation remains 50 meter depth zone to 200 meter depth zone in Indian EEZ. 

Operations in the deep sea depend upon the advancement of technology and expertise of crew 

skill. Because of this, efficiency of maritime states with respect to different types of 

mechanized crafts and the human resource involved in the Indian marine fishery as the key 

contributing factors was undertaken in chapter -5. Similar to chapter 4, Frisch' Confluence 

analysis is used to decide two most explanatory variables. DEA was applied considering ten 
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maritime states as DMUs. It is found that many of the states use excess inputs of mechanized 

crafts with the aim to increase their harvest. The DEA results also illustrated production. 

shortfalls for few maritime states, which indicate that there are scopes for improvement. This 

implies that had the inputs been fully utilized then there would not have any production 

shortfall and, as a consequence, the potential target could have been achieved. Hence, it 

appears that some untapped marine potential still remain unexploited. On the other hand, 

finding of excess inputs of mechanized crafts in the few maritime states ascertains the fact that 

there are some zones where there may have depletion of biomass stock due to over 

exploitation. However, deep-sea fishing is still very much under-utilized in India. 

Few important points of our study are deserved to be mentioned here. First, one is related 

with the limitation of data availability. Initially, we sought vessel specific data of efforts and 

harvest. The format that CMFRI uses to collect data from every marine vessel includes every: 

detail of efforts and harvest. But researchers from outside that institute do not have access to 

those data and, therefore, we have to satisfy with those published data. 

Secondly, field surveys have been done at different landing centres situated at both east and 

west coast. We visited Kakdwip, Namkhana, Digha, Frasergunj, Chennai and other places in 

east coast and Cochi in the west coast. Objective of field survey was to know the process of 

data recording at the landing centres, particularly the recording of catch data. Our observation 

is that the recording process is not at all satisfactory. For this, the accuracy of the published 

data is not beyond question. During our field survey, we have also observed that demarcation 

of boundaries of different maritime states is not very well defined. Another important is that 

official estimates of biomass stock, neither species specific nor any other kind, are available .. 

Wherever, required in our analysis, we assume some geographical factors, like area of trawling 

zone or size of continental shelf etc, as a proxy to biomass stock. Though we know that these 

factors are not very good proxy of biomass stock, we did not have any other alternative. Had 

the biomass stock data been available, the interpretation of the efficiency of DMUs could have 

been more realistic. 

The limitations of this study therefore, are that we could not include all input 

parameters in our model because of fewer numbers of DMUs. It could have been ideal if boat 

specific data were available for each maritime state. This would have possible to make the 

analysis more specific and micro-leveled. At least, the number of DMUs could be increased if 
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catch data were available at landing center level. In particular, DEA analysis does not easily 

disentangle noise from efficiency (it is deterministiq rather than stochastic, so all noise is 

attributable to inefficiency), or permit prediction of output responses to changes in input or. 

stock levels or the underlying technology. Moreover, the biomass stock could have been very 

important and meaningful input for our purpose. 

6.2 Scope of further studies: 

The imp011ant and urgent necessity may be to extend this study on the basis of data of 

every landing centre. It would make possible to extend the number of DMUs and, therefore, all 

relevant inputs could be incorporated simultaneously for much better analysis .. Secondly, the 

study could be extended for considering vessel specific analysis. It requires that few vessels of 

every type would be selected randomly and then input and output data of these selected vessels 

will be analyzed. Thirdly, the same study could be extended upto species specific data. 

However, in all these cases, the only hindrance of study is non-availability of data. 
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· Appendices 

Appendix- I 

T bl Sh a e owmg c "b . ontn ut10n o 1shery m n 1a s •gnculture and fF" . I d" ' GDP & A . F" Is her Growth. 

GDP from GDP from fishel}'_ as% of 
Growth in 

Year Total GDP Agriculture Fisheries Total GDP Total Agriculture fishery 

1970-71 42222 18352 258 0.611055848 1.405841325 6.976744186 

1971-72 44923 18662 276 0.614384614 1.478941164 15.94202899 

1972-73 49415 20481 320 0.647576647 1.56242371 28.75 

1973-74 60560 27097 412 0.680317041 1.52046352 15.53398058 

I 974-75 7I283 29520 476 0.667760897 1.6 I 2466 I 25 25 

I 975-76 75709 29077 595 0.785903922 2.046290883 5.88235294 I 

1976-77 8138I 29573 630 0.774136469 2. I 30321577 2.857142857 

I977-78 92881 35173 648 0.697666907 1.842322236 19.44444444 

1978-79 99823 35803 774 0.775372409 2.16 I 830014 4. I 34366925 

I979-80 108927 36644 806 0.73994510 I 2.199541535 19.85111663 

I 980-81 130176 46332 966 0.742072271 2.084952085 9.316770186 

1981-82 152056 51843 1056 0.694480981 2.03691916 I 6.4 7727273 

1982-83 169525 55142 1230 0.725556703 2.23 0604621 23.33333333 

I 983-84 198630 66437 1517 0.76373156I 2.283366197 21.160I8457 

1984-85 222705 71307 1838 0.82530702 2.577587053 18.063 I I 208 

1985-86 249547 76571 2170 0.869575671 2.833971086 13.91705069 

1986-87 278258 82046 2472 0.888384161 3.012943958 19.4579288 

1987-88 315993 91263 2953 0.934514372 3.235703407 16.45783949 

1988-89 378491 113177 3439 0. 908608131 3.03860325 18.2320442 

1989-90 438020 124382 4066 0.928268116 3.268961747 22.0855878 

1990-91 510954 145734 4964 0.971516027 3.406205827 12.26833199 

1991-92 589086 170767 5573 0.946041834 3.2635111 24.29571147 

1992-93 673221 191243 6927 1.028934035 3.622093358 25.29233434 

1993-94 781345 221834 8679 1.11077693 3.912384936 22.15693052 

1994-95 917058 255193 10602 1.156088274 4.154502671 11.92227882 

1995-96 1073271 277846 11866 1.105592157 4.270711113 18.68363391 

1996-97 1243547 334030 14083 I. 132486348 4.216088375 22.62302066 

1997-98 1390148 353490 17269 1.242241833 4.885286712 5.136371533 

1998-99 1598127 406498 18156 1.136079924 4.466442639 10.25005508 

1999-00 I 761838 422392 200I7 1.136143051 4.738962859 12.57930759 

2000-01 1902998 423522 22535 1.184I84I 14 5.320857004 8.994896827 

2001-02 2090957 473004 24562 1.174677432 5.192767926 9.315202345 

2002-03 2254888 456044 26850 1.190746503 5.887589794 

Source: Reserve Bank of India 
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Table of Optimum Weights of Inputs and Output of DEA for 2003 
(Inputs: Motorized Crafts, Continental Shelf; Output: Production 2003) 

DMU Score V(O) · V(1) V(2) U(1) 
WB 1 0 2.98E-03 1.15E-02 5.16E-06 
OR 0.241528 2.121312 4.32E-04 3.38E-02 1.45E-05 
AP 0.553792 0.760739 1.55E-04 1.21 E-02 5.21 E-06 
TN 0.714525 0.411268 8.38E-05 6.55E-03 2.82E-06 
PC 1 -4.21 E-02 0 1.042095 6.68E-05 

KR 1 0 2.19E-05 1.79E-02 1.60E-06 
KT 0.590792 0.79352 1.62E-04 1.26E-02 5.43E-06 
GOA 0.766181 -0.03251 1.39E-04 0.118497 1.04E-05 

MR 1 0 3.50E-03 0 2.41 E-06 

GR 0.889514 0.924057 3.71 E-05 0 2.25E-06 

Efficient Frontier Shown as Bar Graph ofDEA Results for 2003 
(Inputs: Motorized Crafts, Continental Shelf; Output: Production 2003) 
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Appendix-3: 

Table of Optimum Weights oflnputs and Output of DEA for 2005 
(Inputs: Motorized Crafts, Continental Shelf; Output: Production 2005) 

DMU Score V(O) V(1) V(2) U(1) 
WB 1 0 5.63E-04 0 5.07E-06 
OR 0.363023 1.40467 2.61E-04 4.48E-03 9.85E-06 
AP 0.361334 -1.66E-02 0 8.44E-02 6.26E-06 
TN 0.555686 1.799577 0 0 3.36E-06 
PC 1 -0.24508 0 1.245083 9.24E-05 
KR 1 0 1.34E-05 2.03E-02 1.86E-06 
KT 0.885024 0.636377 1.18E-04 2.03E-03 4.46E-06 
GOA 1 -0.56735 1.68E-03 0 1.23E-05 
MR 1 0.36641 1.87E-04 0 3.54E-06 
GR 1 0.336495 6.41 E-05 1.04E-03 2.37E-06 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 
(Inputs: Motorized Crafts, Continental Shelf; Output: Production 2005) 
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Table of Optimum Weights oflnputs and Output ofDEA for 2003- Category-! 
(Inputs: Mechanized Crafts, Motorized Crafts; Output: Production 2003) 

DMU Score V(O) V(1) V(2) U(1) 

WB 1 0 1.16E-03 2.04E-04 5.16E-06 

OR 0.519736 -1.00833 9.37E-05 2.10E-03 1.45E-05 

AP 0.40082 2.137309 8.59E-05 0 5.21 E-06 

TN 0.643357 1.155465 4.64E-05 0 2.82E-06 

PC 1 -4.09534 4.91 E-03 4.67E-03 6.68E-05 

KR 1 0 4.70E-05 9.36E-05 1.60E-06 

KT 0.698828 1.81 E-02 1.65E-04 2.94E-04 5.43E-06 

GOA 1 0 3.40E-04 5.73E-04 1.04E-05 

MR 1 0 3.50E-03 0 2.41 E-06 

GR 0.889514 0.924057 3.71 E-05 0 2.25E-06 

Efficient Frontier Shown as Bar Graph of DEA Results for 2003 -Category-I 
(Inputs: Mechanized Crafts, Motorized Crafts; Output: Production 2003) 
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Table of optimum weights of inputs and output of DEA for 2005- Category-I 
(Inputs: Mechanized Crafts, Motorized Crafts; Output: Production 2005) 

DMU Score V(O) V(1) V(2) U(1) 
WB 1 0 5.63E-04 0 5.07E-06 
OR· 0.429589 0.335701 2.73E-04 1.97E-04 9.85E-06 
AP 0.690499 -0.18963 0 6.45E-04 6.26E-06 
TN 0.555686 1.799577 0 0 3.36E-06 
PC 1 -7.91647 0 1.42E-02 9.24E-05 
KR 1 0 2.43E-05 1.19E-04 1.86E-06 
KT 1 0.151725 1.48E-04 6.82E-05 4.46E-06 
GOA 1 0 9.47E-04 1.08E-04 1.23E-05 
MR 1 . 0.36641 1.87E-04 0 3.54E-06 
GR 1 0.179106 6.75E-05 2.47E-05 2.37E-06 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 - Category-I 
(Inputs: Mechanized Crafts, Motorized Crafts; Output: Production 2005) 
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I. 
Appendix-6: 

Table of Optimum Weights oflnputs and Output ofDEA for 2003- Category-11 
(Inputs: Continental Shelf, Number of Landing Centres; Output: Production 2003) 

DMU Score V(O) V(1) V(2) U(1) 
WB 0.732007 -3.25E-03 8.06E-02 0 5.16E-06 
OR 0.288096 -0.61002 9.35E-02 0.026212 1.45E-05 
AP 0.373477 -3.28E-03 8.12E-02 0 5.21 E-06 
TN 0.569817 1.754949 0 0 2.82E-06 
PC 1 -0.04209 1.042095 0 6.68E-05 
KR 1 0 0.025 0 1.60E-06 
KT 1 0 0.025861 1.04E-02 5.43E-06 
GOA 0.617249 -6.57E-03 0.162666 0 1.04E-05 
MR 0.78371 0.28769 0 5.37E-03 2.41 E-06 
GR 0.712514 1.403481 0 0 2.25E-06 

Efficient Frontier Shown as Bar Graph of DEA Results for 2003- Category-II 
(Inputs: Continental Shelf, Number of Landing Centres; Output: Production 2003) 
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Appendix-7: 

Table of Optimum Weights oflnputs and Output of DEA for 2005- Category-II 
(Inputs: Continental Shelf, Number of Landing Centres; Output: Production 2005) 

DMU Score V(O) V(1) V(2) U(1) 
WB 1 0 4.62E-02 4.88E-03 5.07E-06 
OR 0.438675 0.833998 1.59E-03 2.46E-02 9.85E-06 
AP 0.361334 -1.66E-02 8.44E-02 0 6.26E-06 
TN 0.555686 1.799577 0 0 3.36E-06 
PC 1 -0.24508 1.245083 0 9.24E-05 
KR 1 0 0.025 0 1.86E-06 
KT 0.724903 0.377838 7.19E-04 1.12E-02 4.46E-06 
GOA 0.870369 -3.17051 0 0.127042 1.23E-05 
MR 0.585652 0.588363 0 7.36E-03 3.54E-06 
GR • 1 0.17164 0 6.73E-03 2.37E-06 

Efficient Frontier Shown as Bar Graph of-DEA Results for 2005- Category-11 
(Inputs: Continental Shelf, Number of Landing Centres; Output: Production 2005) 
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Appendix-8: 
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Table of Optimum Weights oflnput and Output ofDEA for 2005 
(Input: Effective Fishermen Number; Output: Production 2005) 

DMU Score V(OJ V(1) U(1) 
WB 0.557894 0.365763 2.33E-05 5.07E-03 
OR 0.217237 2.618878 2.03E-05 9.85E-03 
AP 0.310752 1.66468 1.29E-05 6.26E-03 
TN 0.555686 1.799577 0 3.36E-03 
PC 9.21 E-02 6.673645 4.26E-04 9.24E-02 
KR 1 0.495722 3.83E-06 1.86E-03 
KT 0.959602 0.322303 2.06E-05 4.46E-03 
GOA 1 0 4.91 E-04 1.23E-02 
MR 0.775885 0.255715 1.63E-05 3.54E-03 
GR 1 0.171164 1.09E-05 2.37E-03 

EffiCient Frontier Shown as Bar Graph of DEA Results For 2005 
(Input: Effective Fishermen Number; Output: Production 2005) 
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Appendix-9: 
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Table of Optimum Weights" of Input and Output of DEA for 2005 
(Input: Number Of Trawlers; Output: Production 2005) 

DMU Score V(O) V(1) U(1) 
WB 1 0 1.64E-03 5.07E-03 
OR 0.374862 1.341188 9.90E-04 9.85E-03 
AP 0.503428 0.852521 6.29E-04 6.26E-03 
TN 0.555686 1.799577 0 3.36E-03 
PC 1 -18.7963 6.07E-02 9.24E-02 
KR 1 0.253871 1.87E-04 1.86E-03 
KT 0.576199 0.607617 4.48E-04 4.46E-03 
GOA 0.371713 1.668267 1.23E-03 1.23E-02 
MR 0.526612 1.898931 0 3.54E-03 
GR 0.786748 1.271055 0 2.37E-03 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 
(Input: Number Of Trawlers; Output: Production 2005) 
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Appendix-10: 
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Table of Optimum Weights oflnput and Output ofDEA for 2005 
(Input: Number of Purse-Seiners; Output: Production 2005) 

DMU Score V(O) V(1) U(1) 
WB 0.467964 2.136916 1.07E-02 5.07E-03 
OR 0.216669 4.156355 2.09E-02 9.85E-03 
AP 0.378505 2.641971 1.33E-02 6.26E-03 
TN 0.573815 1.415814 7.11E-03 3.36E-03 
PC 2.56E-02 38.98983 0.195711 9.24E-02 
KR 1 0.786748 3.95E-03 1.86E-03 
KT 0.417814 2.393412 0 4.46E-03 
GOA 0.152176 6.571324 0 1.23E-02 
MR 0.526612 1.898931 0 3.54E-03 
GR 1 1 5.02E-03 2.37E-03 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 
(Input: Number of Purse-Seiners; Output: Production 2005) 
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Appendix-11: 
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Table of Optimum Weights of Input and Output of DEA for 2005 
(Input: Number ofDoi-Netter; Output: Production 2005) 

DMU Score· . V(O) V(1) U(1) 
WB 0.36817 2.716138 0 5.07E-03 
OR 0.189288 5.282956 0 9.85E-03 
AP 0.297788 3.358091 0 6.26E-03 
TN 0.555686 1.799577 0 3.36E-03 
PC 2.02E-02 49.55823 0 9.24E-02 
KR 1 1 0 1.86E-03 
KT 0.417814 2.393412 0 4.46E-03 
GOA 0.152176 6.571324 0 1.23E-02 
MR 0.526612 1.898931 0 3.54E-03 
GR 0.786748 1.271055 0 2.37E-03 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 
(Input: Number ofDol-Netter; Output: Production 2005) 
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Appendix-12: 
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Table of Optimum Weights of Input and Output of DEA for 2005 
(Input: Number of Liner; Output: Production 2005) 

DMU Score V(O) V(1) U(1) 
WB 0.36817 2.716138 0 5.07E-03 
OR 0.189288 5.282956 0 9.85E-03 
AP 0.297788 3.358091 0 6.26E-03 
TN 0.555686 1.799577 0 3.36E-03 
PC 0.132598 7.54159 7.862061 9.24E-02 
KR 1 0.64458 3.55E-02 1.86E-03 
KT 0.417814 2.393412 0 4.46E-03 
GOA 1 1 1.042494 1.23E-02 
MR 0.526612 1.898931 0 3.54E-03 
GR 1 0.193425 0.201644 2.37E-03 

\ 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 
(Input: Number of Liner; Output: Production 2005) 
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Appendix-13: 
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Table of Optimum Weights oflnput and Output ofDEA for 2005 
(Input: Number of Gill-Netter; Output: Production 2005) 

DMU Score V(O) V(1) U(1) 
WB 0.36817 2.716138 0 5.07E-03 
OR 0.189288 5.282956 0 9.85E-03 
AP 0.300463 0.159809 7.47E-03 6.26E-03 
TN 0.555686 1.799577 0 3.36E-03 
PC 4.57E-02 2.358435 0.11028 9.24E-02 

KR 1 4.76E-02 2.23E-03 1.86E-03 

KT 0.417814 2.393412 0 4.46E-03 
GOA 1 0 2.13E-02 1.23E-02 

MR 0.526612 1.898931 0 3.54E-03 

GR 0.786748 1.271055 0 2.37E-03 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 
(Input: Number of Giii-Netter; Output: Production 2005) 
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Appendix-14: 

Table of Optimum Weights of Inputs and Output ofDEA for 2005 
(Inputs: Number of Trawlers, Number of Effective Fishermen; Output: Production 2005) 

DMU Score V(O) V(1) V(2) U(1) 
WB 1 0 1.17E-05 4.69E-04 5.07E-03 
OR 0.374862 1.341.188 0 9.90E-04 9.85E-03 
AP 0.503428 0.852521 0 6.29E-04 6.26E-03 
TN 0.555686 1.799577 0 0 3.36E-03 
PC 1 -6.85149 2.43E-04 1.67E-02 9.24E-02 
KR 1 5.84E-02 4.04E-06 1.03E-04 1.86E-.03 
KT 1 0.226928 1.24E-05 1.35E-04 4.46E-03 
GOA 1 0 4.91 E-04 0 1.23E-02 
MR 0.848478 0.297814 1.07E-05 4.77E-05 3.54E-03 
GR 1 0.161843 9.49E-06 1.47E~05 2.37E-03 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 
(Inputs: Number of Trawlers, Number of Effective Fishermen; Output: Production 2005) 
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Appendix-15: 

Table of Optimum Weights of Inputs and Output of DEA for 2005 
(Inputs: Number of Trawlers, Number of Gill-Netters; Output: Production 2005) 

DMU Score V(O) V(1) V(2) U(1) 

WB 1 0 1.64E-03 0 5 07E-03 

OR 0.480198 -0.35761 1.38E-03 3.35E-04 9.85E-0 3 
AP 0.692372 -0 .22731 8.77E-04 2.13E-04 6.26E-03 

TN 0.555686 1.799577 0 0 3.36E-03 
PC 1 -4 06402 1.38E-02 3.19E-03 9.24E-02 
KR 1 0 2.46E-04 5.01 E-05 1.86E-03 
KT 0.624441 -0.16201 6.25E-04 1.52E-04 4.46E-03 
GOA 1 0 7 09E-04 8.76E-03 1.23E-02 

MR 0.526612 1.898931 0 0 3.54E-03 
GR 0.786748 1.271055 0 0 2.37E-03 

Efficient Frontier Shown as Bar Graph of DEA Results for 2005 
(Inputs: Number of Trawlers, Number of Gill-Netters; Output: Production 2005) 
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--------·-------------------
Addendum I Corrigendum 

'Part-A" · 

1. While the study has been completed in 2010, why is it that it covers data till2003-04 (p:3). 

Clarification: Actually the research started in 2005 and at that point of time the data available was 
up to 2003. During the course of our study, we include data of the year 2005, when those were 
published. The research was done with the data up to 2005 and not with the data up to 2003-04 as 
mentioned by the examiner (page 84, section 4.3.2). 

· 2. While plan-wise fish production data are furnished (table 1.3), is it possible to furnish plan
wise expenditure data on fish production as well? (p: 4) 

Clarification: Since the profit (or revenue) function in no way related with the objective of the 
study, we did not require expenditure data or price of catch. However, plan-wise macro.; 
aggregative expenditu:re data on fish production are neither meaningful nor estimated by any 
agency. 

3. What is the unit used to measure GDP, Share of agriculture in GDP and share of fisheries in 
GDP in Appendix-!? 

Clarification:. The unit ofGDP is Rs. in '~ Crore'. 

4. How the growth rate of fisheries for 1970-71 is calculated as the data for the previous year is 
not shown in the Appendix-!? · 

.Clarification: The growth rate was calculated using the data published by RBI. We have 
· calculated the growth rate of fishery in any year 't' following the normal procedure as follows: 

fishery contribution in GDP/+1 -fishery contribution in GD~ x
100 

fishery contribution in GD~ 

This is why a value of (t-1 )1
h period does not appear in fishery column in appendix-1. 

·- I. It would have enrich the study further had the scholar provided an explanation as to why since 
economic reforms the share of fisheries in GDP has been persistently increasing? 

Clarification: The detail analysis of impact of economic reforms on fishery contribution in GDP is 
beyond the scope of this study. However, we have referred the point of fishery contribution in 
GDP only to the extent it is relevant to efficiency measurement of Indian Marine Fishing Fleet. 

2. To arrange the sequence of the hypotheses in correspondence with the objectives. 

We have noted down the observation. 
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'Part-B" 

1. Analysis of fish production data only indicates the trend of change but does not provide any 
explanation behind these changes. 

Clarification: Possibly the examiner overlooked the brief discussion on possible explanation like, 
::· vessels suffering from scale efficiency, over crowding of vessels, depletion of biomass stock etc. 
I. (section 'Problem of the study'). However, this is the introductory chapter and the name of the 
~- chapter itself suggests that it only gives the overview of Indian marine fishery and detailed 
:' explanation of declining fish production was beyond the scope of the study of that chapter. The 
'·· chapter was supposed to introduce the basic facts of Indian marine fishery as a whole. 

.. :··· 

~.·': 

(;. 

2. It would have been better had the scholar cited some references which have established the 
causality among low fish catch, juvenile catches, destructive fishing gears, pollution, etc. (p: 
48). 

Clarification: Juvenile catches, destructive fishing gears, pollution cause low fish catch is obvious. 
Causality does not require to establish. Marine Fishing Policy (2004), GOI; FAO's Code of 
Conduct of Responsible Fisheries;. Coastal Aquaculture Act (2005) GO I. etc are based on this 
accepted causality principle. BOBP-IGO, of which India is a member, is established to protect 
biomass stock by preventing juvenile catches, destructive fishing gears and pollution. All these are 
;referred in pages - 48 & 49 in the thesis. 

3. Sweeping observations have been made under the phraseology "Many expert suggested" 
(p:49), "many studies observe" (p:50), "It is already reported by different studies" (p:50) 
without citing the references/studies etc. It will be nice if some references are cited against 
such claims. 

r Clarification: These features of Indian Marine Fisheries are well accepted by govt. agencies, 
·-,.planners and policy makers. However, references in this regard are included in bibliography, 
• J . .pruiicularly. 

•.,· 

, .a) Status of Indian Marine Fisheries Development: An Appraisal, Fishing Chimes, 2003 
b) Factoring Social and Cultural Dimensions into Food and Livelihood security Issues of 
· Marine Fisheries: A Case Study of Kerala State, India. Working Paper 299, Centre for 

Development Studies. Thiruvananthapuram, India Kurien, J. 2000 

:J_>art-C" 

'· 

1. While assessing the contribution of fisheries in national GDP (p: 74, para 1), a comparative 
picture citing the contribution of the same in other countries having a comparable coastline 
would have made the problem under study better pinpointed. 

_·~·\·clarification: Biomass stock and species available in a particular marine zone depends on salinity, 
ftemperature of water, direction of flow of water, availability of inorganic nutrients in that zone etc 

: _J:·and not on coastline. Marine fishery production depends on available biomass stock. Thus coast 
· ·i.: line becomes dependent variable of production and comparable only when it lies in same marine 

... 
• I'' 
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climatic zone. Countries with comparable coastlines may not be having similar EEZ or fishery 
potential or other criteria similar to that of India. Thus we do not consider that it would have been 
more pin-pointed if comparison is made between different countries located in different marine 
climatic zone. 

2. It is assumed that DMUs have a built-in auto correct mechanism so that they can take 
corrective measures in 2005 based on their performances in 2003. As much of the fishing 
activities are undertaken by the private operators, what is the rationale of such assumption? 

Clarification: The examiner has mentioned about the built-in auto corrective mechanism in lndian 
marine fishery. The built-in auto corrective mechanism in Indian marine fishery is the economic 
survival and sustainability of each and individual boats. If the numbers of boats are less than the 
optimum then all the boats start to make more profits and thus more boats join the fishery . In the 
next year profit share diminishes and those who have less profit or no profit may not survive in the 
future. Thus those boats who have economically survived remain and those did not leave the scene. 
Obviously economics have own built-in auto corrective mechanism. 

"Part-D" 

1. The researcher might explicitly state as to how average time spent in fishing by each type of 
fishermen has been calculated (p: 106, para: 2). 

Clarification: A fishermen is defined as part-time if he spends minimum 30 percent to maximum 90 
percent of his time in fishing. A fisherman is defined as occasional if he spends minimum 10 
percent to 30 percent of his time in fishing. The average time spend has been used as the weight 
while calculating the effective fishermen index. That is why 0.6 is the effective weight of part-time 
fishermen and 0.2 is the effective weight of occasional fishermen 

2. While constructing the index for effective fishermen, the researcher has assumed a linear 
relationship which needs to be justified. 

Clarification: Given the gears, nets, mesh size, biomass stock etc, the harvest is always directly 
proportional to time spent. Hence, a linear relationship is used. 

\\t 0~ J_ \tV"' 
;;rA£;i~~AR RAY 

Professor 
Dept. of Commerce 

University of North Benga l 
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