


Micro Economics and Carbon Footprint of Mechanised Gill Netters and Trawl Netters of West Bengal, India


Abstract: 
Coastal marine capture fisheries are an important component of the coastal economy of West Bengal. The sector has gone through a rapid phase of mechanisation in the late 1990s. Currently majority of the catch is harvested by two types of mechanised boats, Mechanised Trawlnetters and Gillnetters. The objective of this study was to evaluate the economic performance of these two types of mechanised boats, using standard economic indicators like break-even point analysis, productivity in catch/hour, catch/worker and Net present value. These were calculated with the help of primary data collected through purposive random sampling from the major fishing centres of Kakdwip, Namkahna and Digha in Coastal West Bengal, India. In order to calculate revenue, estimates of market price were obtained for the Gillnetters and Trawl netters. For monsoon (July-October), this has been set to Rs 300 /kilo (Gillnetters), and 200 /kilo (Trawl netters), and 200 /kilo (Gillnetters), and Rs 180 /kilo (Trawl netters). The results show that profitability is greater in the Monsoon season in both cases. In the longer winter season, the profitability of Gillnetters is very low, while Trawlnetters remain profitable throughout the year. Trawlnetters, despite requiring far greater initial investment, have greater productivity and profitability, and hence are less likely to indulge in Illegal and Unreported fishing practices. The carbon footprint has been found to be greater in the case of the winter season, and at around 1.5-3 kg (CO2)/ per kg of fish caught. Since Gillnetters use multiple nets per year, net costs are much higher for the Gillnetters; on the other hand, fuel costs are higher for the Trawlers. Due to the borderline profitability of Gill netters, the ratio of Gill netters to Trawl netters is likely to decrease in the future, given the continuous rise in fuel prices. The monsoon season remains more profitable; during the longer winter season, profitability declines, this is more in the case of the Gillnetters. 
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1) Introduction: 
Small-scale Marine fisheries contribute significantly to the economy and employment of coastal areas of Asian countries. (World Bank, 2012). They can be classified as boats less than 18 m in size, labour-intensive and using limited capital and Technology, using engines <400 hp (Mukherjee et al, 2020). This sector is estimated to provide employment to 32 million people in Asia alone. Therefore, the profitability and economic sustainability of this sector are of critical importance to the coastal economies of developing countries of Asia (Mukherjee et al, 2020).  Most of the fish being consumed in the world is wild-caught fish, either from marine or inland fisheries. More than half the world’s fish catch is being produced by small-scale fisheries, with 90–95 per cent of the small-scale catch being consumed locally (FAO, 2020; Ayilu et al., 2022).
The marine capture fisheries of coastal West Bengal have substantial landings, around 175,000-180,000 tonnes average annually for the last ten years (West Bengal State fisheries handbooks). The two primary coastal fishing districts are South 24 Parganas and Purba Medinipur. The total coastline is around 158 km. With a coastline of 158 km (about 1.9% of the total coastline of India), 49 marine fish landing centres (3.9% of total marine fish landing centres of India), West Bengal gives sustenance to about 81,067 fishermen families comprising 3.69 lakh fisher folks (9.5% of the total fisher folk population of India) residing in 171 marine fishing villages (5.7% of the total marine fishing villages of India) (Roul et al., 2023). Together, they account for more than 81,000 fishermen's families. There are a total of 19 major and minor fish landing centres (Dutta, S et al, 2016; Roul, SK., et al, 2023). The total value of this catch in 2022 prices is more than 6000 crore at retail prices (primary survey). The primary species harvested are Hilsa, Prawns, Croakers, Arius Catfishes, B duck, Pomfret, and Mackarel (Primary survey). In the Monsoon season(June, July, August), the primary high-value species is Hilsa, which is the main target of the Gillnetters. During the longer winter season, the primary targets are Pomfret, Croakers, and Mackerel. Catfishes and Bhetki. Trip durations are shorter, a maximum of around 5-7 days during the monsoon season, due to the uncertainty in weather, and can go up to 14 days in winter. 
 The marine fisheries of West Bengal were initially artisanal and non-mechanised.  The sharp increase in mechanisation occurred during the late 1990s and early 2000s (West State fisheries handbooks), leading initially to a sharp increase in catch and productivity in comparison to Traditional artisanal fisheries. Much of the investment and growth in the initial phase of growth of the Mechanised fisheries was enabled by greater availability of efficient marine diesel engines by both Indian and Chinese companies, both 4-cylinder and 6-cylinder, post economic liberalisation. The parallel development of Harbours and Ice factories has also facilitated the rapid growth of the mechanised sector. Most of the mechanised boats operate out of Kakdwip, Namkhama, Digha, Shankarpur, and Bakhkahli /Frasergung areas. The major harbours for mechanised boats are Petuaghat in Mednipore, 32 km from Digha, and Kakdwip and Frasergung, in South 24 Parganas. 

Mechanised boats now account for more than 90 per cent of the catch (primary survey). The two main kinds of mechanised boats, Gill netters and Trawl netters, operate in the coastal areas of West Bengal. Gill netters are dominant in the Sunderbans area, while Trawl netters operate in the Digha, Shankarpur areas. The number of boats has risen sharply from 1431 in 2002 to more than 13000 in 2019. Of these, about 75 % are mechanised boats. (West Bengal State fisheries handbooks) . Since the Trawl netters are larger in size, they use mechanised winches to cast nets over the stern of the boats. Due to the larger size and need for constant input from the engine during the Trawl netting process, fuel consumption from trawlers is much greater than Gill netters. Gill netters only need fuel mainly to commute from the harbours to the harvest areas. Trawl netters compensate with their much higher catch rates per hour. Gillnetters are also more labour-intensive than Trawl netters, because of the more labour-intensive gill netting process. Gillnetters have multiple sets of nets with multiple mesh sizes. Gill netters operate in around 6-30 m of water, while Trawl netters operate in 30-110 km (Sen & Roul 2023). The Trawl netters use one net throughout the year. Studies on the productivity of mechanised boats in West Bengal have been conducted (Sen et al, 2021; Salim et al, 2021; Roul et al, 2023). At the national level, they have also been conducted by (Shanmugam, 2014; Awasthy, 2018), taking into account the input cost factors, economic and productivity of the boats, 
Therefore, the research objectives are as follows:
1) To estimate the current productivity, Profitability and Carbon footprint of Mechanised Gillnetters and Trawlnetters, with respect to The Monsoon and Winter Seasons.
2) To do a performance analysis of the two categories of Mechanised boats, Gillnetters and Trawl netters, using the Net Present Value (NPV) method. 
3) To evaluate the future of the mechanised fishing sector based on the findings, taking into account the findings from this survey and the overall scenario of the marine capture fisheries sector. 

2) Materials and Methods: 
Primary and Secondary data used to calculate the profitability of mechanised boats were collected from the following sources. 
2.1) 
Sampling frame and Study area:
The data relevant to Revenue and cost variables for mechanised Gillnetters and Trawl netters was collected by purposive random sampling from the major marine fishing centres of Kakdwip, Namkhana, and Digha in West Bengal, in the years 2020-2024. 
A total of 24 boat owners were interviewed, together accounting for more than 90 mechanised boats. Prices of marine fish were calculated using random sampling from the marine fish landing centres of coastal West Bengal.  

Calculation of Revenue, costs and profit per Trip.
Revenue/Trip=PY, where P is the Price of Fish, and Y is the Volume of catch in kg/Trip. per Trip. Average price, as calculated earlier, is 254/kilo.
calculation of the Cost function:
Cost per Trip calculation:
Total Cost/Trip: (Fixed cost/Trip) + (Variable cost per trip)
Fixed costs = (depreciation on (boat +net)) /Trip+ annual maintenance cost/Trip)
Variable costs = (fuel cost/trip+labour costs/per trip) + food costs/Trip +misc costs /Trip)
Revenue calculation: 
In order to calculate revenue, estimates of market price were obtained for the Gillnetters and Trawl netters. For monsoon (July-October), this has been set to Rs 300 /kilo (Gillnetters), and 200 /kilo (Trawl netters), and 200 /kilo (Gillnetters), and Rs 180 /kilo (Trawl netters). 
Profit (per trip) = PY-Cost
At Break Even Point even point: Revenue-Zero. 
PY=C, or
Y=C/P
3) Results and Discussion:
The following was obtained from the primary survey 
Table I: Technical characteristics of the Boats. 
 Parameters                   Trawl netter                 Gillnetters:
 1)Size                        14.5m                      15 m      
2 )Cost of Construction       0.9 crore -1.1 crore              40-60 lakh, 
3) Fuel capacity              3000 litres                    1600 litres
4) Engine                  6 cylinder                     6 cylinder 
5) HP                     400-450 hp                   200-250 hp 
6) Catch per trip avg         2500-4500 kg                  800-1200 kg
7) Fishing NETs req per year        1                        4-6           
8)Labour req                   11-14                     15-17
9) Max catch rate /hour       35-40 kg/hour                 15-20 kg/hour                       
Table II: Typical breakup of costs per Trip 
Fixed costs (in Rs): 
                         Cost of boat       Cost of net       Total Annual dep
 Gillnetter                  40 lakh           10   lakh          0.7 lakh
Trawl netter                 90   lakh          7   lakh           0.92 lakh.
Variable costs (in Rs):  
                       Fuel costs (M/W)       Labour             Ice+food
Gillnetter               60,000/80,000          60,000              45000
Trawl netter            170,000/250,000         70000              45000
It can clearly be seen from the above table that fuel costs constitute the bulk of the variable costs per trip, about 45 % in the case of Gillnetters, and more than 60 % in the case of Trawl netters. The initial cost of construction is much greater in the case of Trawlnetters, but is compensated by higher productivity. However, Trawlnetters have to catch much higher volumes to compensate for much higher variable costs, resulting from more than 200 % more fuel consumption on an average basis. 
Diesel fuel costs for the last 20 years were obtained from (www.carhelpline.com).


Figure I: Diesel prices/litre last 20 years. The very sharp rise in fuel prices in the last 20 years has severely affected the profitability of the mechanised boats. 


Figure II) Maximum profit (in Rs lakh per Trip) of Gill netters (g) and Trawl netters (t ), in Monsoon (M), and Winter (W), respectively 
It can clearly be seen that there is s sharp decrease in profits in the winter season. The max revenue for Gillnetters can be between 2-3.5 lakhs per trip, for the Trawl netters, it can be from around 5-7 lakhs per trip. The cost per trip for Trawl netters can be as high as 3-4.5 lakhs per trip, for the Gillnetters it is around 1.5-2.25 lakhs per trip. Costs are higher in the winter season because of longer Trip durations. The lower revenue results in much lower profits; for the Gillnetters, it can come down to 20,000-30,000 per trip, especially in Winter. The possibility of a loss is much higher in the winter season for the Gillnetters. Trawl netters offset the higher running costs by a much higher average volume of catch. Therefore, despite higher costs of construction and operation, they are more profitable in the long run. Profit/revenue declines sharply in the Winter season, costs rise due to higher trip durations, but revenue (esp that of the Gill netters does not rise proportionately. Profit /Revenue can be seen to be as low as 5-15 % in the case of the Gillnetters, in winter. 
Primary surveys indicate a large number of Gillnetters do not undertake fishing trips from November onwards. Trawlnetters, on the other hand, are more likely to operate throughout the year.
Break-even point in Kg (Monsoon /Winter):
At the breakeven point, revenue is just enough to cover the costs. 

Figure III) Breakeven point In KG of Gill netters and Trawl netters in Monsoon and Post Monsoon, of Gill netters (g) and Trawl netters (t).
It can clearly be seen that the break-even point in the monsoon is less than that of Winter. The break-even point is much higher for Trawl netters than for Gillnetters. this is because of the much higher fuel costs per trip for Trawl netters. For Gillnetters, it is below 800 kg/Trip in monsoon, but in winter, it is closer to 1000 kg on average. This is close to the maximum average catch in winter, hence margins in winter are low for Gillnetters. Trawl netters need to catch at least 1500 kg in the monsoon and more than 2000 kg in Winter. a rise in fuel costs is likely to impact Gillnetters more because of lower margins, especially in the winter season. 
 3.1) Partial Productivity: 
 Maximum Productivity per hour in Kg/hour

Figure IV: Productivity of Trawl netters and Gillnetters in Kg/hour, of Gill netters (g) and Trawl netters (t).
Analysis: It can clearly be seen that maximum Productivity for the Trawl netters is far greater in terms of Catch in Kg/hour (over 30-40 kg/hour), in comparison, the Gillnetters' productivity is much less (< 20 kg hour). Maximum Productivity is also lower in the winter in both cases. In terms of catch per worker, Trawl netters are far superior, max catch per worker varying from 150-250 kg/worker/trip, but in the case of Gillnetters, it varies from around 50-80 kg/worker/trip. Trawl netters are more automated, and the catch rate is higher, as illustrated earlier.
Profit/Revenue ratio:


Figure V) Profit to revenue (:P/R) ratio, of Gill netters (g) and Trawl netters (t), with respect to the Monsoon and Winter seasons. 
It can clearly be seen that Gill netters are as profitable in some cases as Trawl netters since the percentage of high-value species caught is greater in the case of Gill netters.  However, Trawl netters ultimately earn more because the higher catch rate in the case of the Trawl netters compensates. In most cases in the longer winter season, the maximum P/R ratio is lower (around 15-20 %), in the case of Gillnetters/20-25 % in the case of Trawlnetters. In Monsoon, however, they can be as high as 40% in some cases, which is very high, even by international standards (Raymonvan et al, 2020). 
Lifetime of Boats: The boats can last 15-20 years on average (primary survey). The long-term profitability is essential in view of the high initial construction costs.





3.2) Carbon Footprint of Mechanised boats:

Figure VI: Carbon footprint in CO2 tonnes/tonne of fish caught for g and t.
With the growing effects and concern about climate change, the calculation of carbon footprint has become a global concern. For mechanised boats, it can be calculated as tonnes of CO2 emitted /tonnes of fish caught. 
The above figure indicates that the carbon footprint of the Gillnetters is less than that of the Trawl netters, and in the monsoon season carbon footprint is lesser for both varieties of mechanised boats. In the monsoon season, it is generally within 2 tonnes of CO2/tonnes of caught fish, but in the pm /winter season, it can go up to 2.5-3 tonnes of CO2/tonnes. This is greater than the global average as well as the national average of around 1.4 t CO2/tonne of fish caught (Vivekanandan et al, 2013), and slightly higher than the international average of 2 t of CO2/ tonnes of fish caught (Vivekanandan et al, 2013). 
 
3.3) 
Calculation of NPV (Net Present Value):
Net present value (NPV)=∑ R/(1+d )N -I.  PV (Present value)= )=∑ R/(1+d )N
where R is the annual return on investment, n is the time period and I is the cost of initial investment, and d is the discount rate.
Therefore, if NPV=0 for a given time period N, then I==∑ R/(1+d )N   N can then be considered to be the breakeven time period.     
The annual return has been calculated to be around 11-12 lakhs for trawl netters and 4-5 lakhs for gillnetters. The initial investment (I ) is 1 core for Trawl netters and around 35-40 lakhs for the smaller Trawl netters and up to 60 lakhs for the bigger Gillnetters. 
Calculations of PV (Time period, interest rate, annual rate of return), for a period of 
PV Gill netters smaller ( 20, 6, 4-5)=47. 
PV (Gill netters larger (20, 6, 6)=68 
 PV Trawl netters (20, 6, 11)=126
For the smaller Gill netters, NPV is 7-12 lakhs (assuming initial construction cost of 35-40 lakhs. Breakeven in terms of NPV is around 12-14 years. For the larger Gillnetters with an initial construction cost of 50-60 lakhs, breakeven can be in more than 15 years. This makes justification of the construction of new large gillnetters difficult at the current rate of productivity and return. 
The Trawl netters, despite having a much higher cost of construction (90-100 lakhs), have a significantly higher NPV.  The NPV of Trawl netters for a 20-year period is 26-36 lakhs (assuming an initial investment of 90-100 lakhs for Trawl netters). The point at which NPV is zero, i.e. breakeven, is around 13-14 years.
 Key findings:
1) A huge increase in the number of mechanised boats since 2002 has led to a fall in catch rates and catch/trip. this has led to a sharp decline in the number of new boats being constructed (primary survey). Trawl netters are more expensive to construct and more expensive to operate, but have much higher catch rates in catch/hour. Also, they are productive throughout the year; in comparison, the Gillnetters primarily target the high-value Hilsa, Prawns, Bhetki, etc, in the Monsoon season. In winter, the lower market value of catch is unable to compensate for lower catch rates obtained by Gill netters. Trawl netters are less affected, but due to High operating costs, they need to harvest at least 2000+kg per trip to Break even. The productivity of Trawl netters in catch rate is comparable to that of developed countries (World Bank 2012). 
2) Gill netting is more labour-intensive, and their share of labour costs is much higher than in Trawl netters. 
3) Since Gillnetters use multiple nets per year, net costs are much higher for the Gillnetters; on the other hand, fuel costs are higher for the Trawlers. Trawl netters use much more powerful engines; also, the trawling requires constant engine input, leading to higher fuel consumption. 
4) Due to the borderline profitability of Gill netters, the ratio of Gill netters to Trawl netters is likely to decrease in the future, given the continuous rise in fuel prices. Trawl netters, on the other hand, despite initially costing more, are more profitable in the long run. 
5) The borderline profitability of Gillnetters is likely to cause the Gillnetters to indulge in destructive fishing practices like Illegal bottom trawling and IUU fishing practices. The harmful effects of bottom Trawling have been documented by (Das M 2018). 
6) The continued rise in diesel prices is likely to make gillnetting even more unprofitable in the future, unless it is compensated by increased revenue through a rise in marine fish prices. The loss in profitability caused by rising fuel prices is unlikely to be compensated by a rise in fish of marine fish /marine fish products.

4) Conclusion:
After a period of rapid growth and mechanisation, productivity in terms of catch per mechanised boat has declined sharply; this, in conjunction with the sharp increase in diesel prices, has resulted in a steep fall in profitability. The monsoon season remains more profitable; during the longer winter season, profitability declines, this is more in the case of the Gillnetters. 
Trawl netters are far more efficient than Gillnetters, both in max catch/hour as well as in catch/worker. However, the initial very high construction costs entail high profitability, at least initially, in order to justify the investments. Gillnetters, on the other hand, are less expensive to construct (<50) lakhs in some cases, but are hampered by low profitability in winter. Gillnetters are more likely to indulge in IUU (Illegal Unreported Unregulated ) fishing practices like bottom trawling because of this reason. 
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