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Abstract
[bookmark: _GoBack]India has a vast and diverse fisheries sector that plays a vital role in the country’s economy. This study aimed to develop regression (curve estimation) and autoregressive integrated moving-average (ARIMA) models for India’s marine, inland, and total fish production data from 1970–71 to 2022–23. The models were then used to forecast fish production over 10 years, from 2020-21 to 2029-30. This paper analyzes the production of marine fish, inland fish, and their combined output in India to predict future production using linear regression and the ARIMA model. The ARIMA model provides better results for both inland and total production, whereas the regression model predicts a higher production level for marine fish. The projections for all types of fish production from 2023-24 to 2032-33 indicate a steady increase in India's fish production. The carbon footprints associated with different fishing methods and various maritime states were also compared. Climate change clearly impacts the marine fisheries industry. The South-West region has the highest total fish catch and the highest total Carbon Dioxide equivalent (CO2e) emissions. The carbon footprints in Kerala (1.94), Andhra Pradesh (1.87), Odisha (1.87), Pondicherry (1.73), and West Bengal (1.73) are notably high for mechanized marine fishing. Conversely, the carbon footprints are relatively lower in highly productive states such as Gujarat (1.16) and Maharashtra (1.3). 
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1. INTRODUCTION
Fisheries contribute nearly 20% of the world’s animal protein, feeding about 7.2 billion people (FAO, 2017; FAO SOFIA, 2018). They are a vital industry supporting the UN’s Sustainable Development Goals for global food security. India has a vast and diverse fisheries sector, which plays a crucial role in the country’s economy. The fisheries sector contributes significantly to India's GDP (around 1.1% of the national GDP) and is one of the most significant sources of animal protein for the population. States such as Kerala, Tamil Nadu, Gujarat, Andhra Pradesh, and West Bengal are renowned for their substantial marine fish production. Inland Fisheries include freshwater fisheries in rivers, lakes, reservoirs, and ponds. States like West Bengal, Uttar Pradesh, and Madhya Pradesh are major inland fish producers. 
Marine fisheries make a significant contribution to India’s fish production, and inland fisheries are expanding rapidly. Approximately 35-40% of India's fish production comes from marine fisheries. The remaining 60-65% comes from inland sources, with a large portion from aquaculture (fish farming in controlled environments like ponds and tanks). Inland fish production in India is vital to the country’s overall fisheries industry. Production has steadily increased, mainly due to improved management practices and technological advances. Marine fish production has seen less growth because it is mostly concentrated along the coast. In contrast, inland production is spread throughout the country, with potential for growth in inland regions, especially those with freshwater resources.
In recent years, climate change has had a profound impact on the world, resulting in more frequent extreme weather events and long-term effects on animal health. As oceans absorb heat, issues such as rising sea levels, melting ice caps, and the loss of coastal communities become increasingly evident. Marine fisheries are among the most heavily impacted industries, underscoring the urgent need for increased efforts to mitigate these effects. With over 11098.81 kilometers of coastline and a continental shelf spanning half a million square kilometres, the Indian subcontinent is a vulnerable hotspot that needs effective strategies to manage climate impacts. With the Industrial Revolution, atmospheric CO2 levels have increased sharply from about 210 ppm in 1850 to over 415 ppm today. The rise in greenhouse gases has accelerated climate change, resulting in significant shifts in global climate patterns.
Although climate change affects aquatic ecosystems and fisheries, the industry also worsens climate change through its carbon dioxide emissions during various operations. The nutritional and economic advantages of fisheries are well recognized, but their carbon footprint raises concerns. As fishing is one of the most energy-intensive forms of food production worldwide (Wilson, 1999), the sector's variety of vessels, gear, and species makes marine fisheries a complex and constantly changing system, making it harder to reduce emissions because they rely heavily on fossil fuels (Tyedmers et al., 2005). Greer et al. (2019) examined how marine fishing can contribute to reducing global CO2 equivalent, estimating emissions and emission intensity from worldwide marine fishing fuel use from 1950 to 2016. Most emissions originate from the burning of fossil fuels, with additional contributions from vessels, gear, engines, fuel, ice, and other essential components (Sayana et.al., 2020).
Fossil fuel use by marine fishing vessels significantly contributes to industry emissions. Globally, fisheries burn about 42.4 million tonnes of fossil fuels annually, accounting for 1.2–3.5% of worldwide oil consumption and releasing roughly 134 million tonnes of CO2, with an average of 1.7 tonnes per tonne of live weight landed (Tyedmers et al., 2005). A recent study (Parker et al., 2018) estimates that each kilogram of fish caught produces approximately 2.2 kg of CO2 equivalent emissions, with variations depending on the targeted species, indicating that higher fishing efforts result in increased emissions. For trawling—roughly half of all mechanized fishing boats—fuel use makes up 75-90% of total energy consumption, exceeding other activities like vessel construction and maintenance (Watanabe and Okubo, 1989). This may be due to limited recycling and dismantling efforts. In India, trawl and gillnet fishing dominate the marine fisheries sector, both of which are known for their high fuel consumption and emissions (Yue et al., 2013; Kristofferson et al., 2021). All mechanized and motorized vessels run on diesel propulsion (Vivekanandan et al., 2011). Over the past fifty years, increased fishing effort has substantially raised diesel use, with CO2e emissions growing from 0.30 million tonnes in 1961 to 3.60 million tonnes in 2010, and emissions per tonne of fish caught rising from 0.50 to 1.02 tonnes. Trawler emissions per tonne of fish (1.43 tonnes CO2 ) surpass those of gillnetters, bagnetters, seiners, liners, and dolnetters (0.56–1.07 tonnes CO2), reflecting higher intensity among mechanized vessels.
This study aimed to develop regression analysis (curve estimation) models and autoregressive integrated moving average (ARIMA) models for India’s marine, inland, and total production data from 1970–71 to 2019–20. Additionally, the study explores the impact of climate change on India’s marine fishery sector.  
2. MATERIALS AND METHODS
Based on data for 1970-71 to 2022-23 obtained from the Handbook of Fishery Statistics, the Government of India, the ARIMA model is used to forecast fish production. 
Regression Analysis: The slope-intercept formula can be used to generate linear equations and models when the data distribution is linear; however, most real-world data is not linear. For time series, trend lines are one way to handle this kind of data.  This method involves extending the trend line into the future to estimate future values of a time series. The underlying data can be quantitatively analyzed, and the data can be extracted and interpolated for forecasting purposes by drawing a trend line and computing its coefficients. 
ARIMA: The ARIMA method employs an extrapolation technique and requires historical time series data on the variable being forecasted, as noted by Box and Jenkins (1970). This is one of the most sophisticated techniques since it is resilient enough to handle any data pattern and does not require the researcher to select the initial values of variables a priori (Mandal, 2005). The ARIMA (p,d,q) model is a linear model in which p, d, and q represent the orders of the autoregressive, moving-average, and differencing processes, respectively, to convert the series into a stationary series. In the moving average, the linear combinations of the past error terms are considered. 
An exploratory analysis is also conducted to assess the impact of climate change on the marine fishery sector and the carbon dioxide equivalent emissions from fishing operations.
3. RESULTS AND DISCUSSIONS
THE MARINE FISH PRODUCTION RESULTS
The marine fish production data from 1970-71 to 2022-23, shown graphically in Figure 1, indicate a steady increase. 

Fig. 1. Marine Fish Production in India in Lakhs Tonnes
Trends in Marine Fish Production
Regression analysis (curve estimation) was used to fit a trend line and forecast marine fish production using the data from Table 1 above. The trend in marine fish output in India throughout the specified periods is displayed in Figure 2. In the figure, the estimated trend line obtained by linear regression is displayed with the value of R-square. 

Fig. 2. Trend in Marine Fish Production
Marine Fish Production by ARIMA Model
The ARIMA model was estimated only after the variable was transformed into a stationary series. A series is considered stationary if its values oscillate around a constant mean and maintain a constant variance over time.  
The RStudio software was used to estimate the model parameters, as shown in Table 1. ARIMA (2, 1, 0) was identified as the best model, with the lowest AIC.

 Thus, the ARIMA model fitted was  

  where =marine fish production at period t

=constant

=random error term
					Table 1: ARIMA Model 
	ARIMA (p,d,q)
	AIC

	ARIMA(2,1,2)
	196.5236

	ARIMA(0,1,0)
	197.7562

	ARIMA(1,1,0)
	199.5736

	ARIMA(0,1,1)
	199.2451

	ARIMA(0,1,0)
	203.9352

	ARIMA(1,1,2)
	Inf

	ARIMA(2,1,1)
	195.3478

	ARIMA(1,1,1)
	Inf

	ARIMA(2,1,0)
	193.4442

	ARIMA(3,1,0)
	195.3785

	ARIMA(3,1,1)
	Inf

	ARIMA(2,1,0)
	205.7324



Table 2 shows the forecasted marine fish production values based on regression analysis and the ARIMA model. The drift parameter in the estimated ARIMA model is 0.5942, with a standard error of 0.1257.
Table 2: ARIMA (2,1,0) Model 
	
	Constant
	AR (1)
	AR (2)

	Coefficient
	0.5942
	-0.1352
	-0.4722

	s.e
	0.1257
	0.1338
	0.5942

	t
	4.73
	-1.01
	-0.79



The graph in Figure 3 illustrates the closeness of the forecasted values to the actual values. The forecasted marine fish production using the ARIMA model shows an increasing trend over the chosen period.

Fig. 3. Marine Fish Production by ARIMA Model
Table 3 presents the predicted marine fish production numbers based on the ARIMA model and regression analysis. The bar diagram in Figure 4 compares forecast values for 2023-24 to 2032-33 obtained from two forecasting methods. 
Table 3: Forecasted Marine Fish Production 
	Year
	Forecasted by regression
	Forecasted by ARIMA

	2023-24
	40.7239
	41.7890

	2024-25
	41.3012
	41.6462

	2025-26
	41.8785
	43.8157

	2026-27
	42.4558
	44.5449

	2027-28
	43.0331
	44.3771

	2028-29
	43.6104
	45.0106

	2029-30
	44.1877
	45.9593

	2030-31
	44.7650
	46.4871

	2031-32
	45.3423
	46.9229

	2032-33
	45.9196
	47.5699





Fig. 4. Comparative Forecasted Values of Marine Fish Production (Lakh Tonnes) with Regression and ARIMA Model
As the bar plot in the above figure illustrates, the predicted values obtained from the ARIMA (2,1,0) model for marine fish output from 2023–24 to 2032–33 are higher than those predicted by the ARIMA model. 
INLAND FISH PRODUCTION RESULTS
The inland fish production data from 1970-71 to 2022-23 in Table 1, graphically represented in Figure 5, show a non-linear upward trend. 


Fig. 5. Inland Fish Production in India in Lakhs Tonnes
Trends in Inland Fish Production
 The polynomial trend with order two in inland fish production is displayed in Figure 6. 

Fig. 6. Trend in Inland Fish Production 
Inland Fish Production by ARIMA Model



Table 4 presents the AIC values for different ARIMA models of the inland fish production data. As shown in the table, the ARIMA (0, 2, 1) model had the lowest AIC value. Thus, the ARIMA (0,2,1) model for inland fish production is specified as  ,   where  represents inland fish production at period t, is constant term, and  is the random error term. 
Table 4: ARIMA (0,2,1) Model for Inland Fish Production in India
	ARIMA (p,d,q)
	AIC

	ARIMA(2,2,2)
	 Inf

	ARIMA(0,2,0)
	182.361

	ARIMA(1,2,0)
	177.0954

	ARIMA(0,2,1)
	174.3025

	ARIMA(1,2,1)
	176.2896

	ARIMA(0,2,2)
	176.283

	ARIMA(1,2,2)
	177.9454



Table 5 reports the forecasted values of inland fish production using regression analysis, and the ARIMA (0,2,1) model. 
Table 5: ARIMA (0,2,1) for Inland Fish Production
	
	Coefficient
	se
	t
	p value

	 ARIMA(0,2,1)
	 -0.4679
	0.1101

	-4.2498***
	0.000


Source: Author’s calculations
 The graph in Figure 7 shows the observed and predicted values of inland fish production obtained from the ARIMA(0,2,1) model. The forecasted values for 2020-21 to 2029-30 using the ARIMA model show an increasing trend over the chosen period.

Fig. 7. Inland Fish Production by ARIMA Model
Table 6 shows the predicted inland fish production figures based on the ARIMA model and regression analysis, while the bar chart in Figure 4 compares forecasted values from 2023-24 to 2032-33 using two different forecasting methods.
Table 6: Forecasted Inland Fish Production 
	Year
	Forecasted by regression
	Forecasted by ARIMA

	2023-24
	118.1806
	140.3147

	2024-25
	123.613
	149.4994

	2025-26
	129.1742
	158.6841

	2026-27
	134.8642
	167.8688

	2027-28
	140.683
	177.0535

	2028-29
	146.6306
	186.2381

	2029-30
	152.707
	195.4228

	2030-31
	158.9122
	204.6075

	2031-32
	165.2462
	213.7922

	2032-33
	171.709
	222.9769



	
Fig. 8. Comparative Forecasted Values of Inland Fish Production with Regression and ARIMA Model
In the figure above, the bar plot shows that the forecasted values of inland fish production from 2023-24 to 2032-33 are higher for the ARIMA (0,2,1) model than for the regression model. 
TOTAL FISH PRODUCTION RESULTS
The total fish production from 1970-71 to 2022-23, shown in Table 1, is graphed in Figure 9, which illustrates a non-linear growth in overall production. 


Fig. 9. Total Fish Production in India in Lakhs Tonnes
Trends in Total Fish Production
Regression analysis (curve estimation) was used to create a trend line and forecast of total fish production using the data from Table 1 above.  The non-linear polynomial of the order two trend line provided the best fit as shown in Figure 10. In the figure, the estimated trend line obtained by least square regression is displayed with the value of R square. 

Fig. 10. Trend in Total Fish Production in India 
Total Fish Production by ARIMA Model
The ARIMA model parameters are represented in Table 7. According to the AIC criterion, the ARIMA (0, 2, 1) model had the lowest AIC value.
 Table 7: ARIMA Model for Total Fish Production in India
	ARIMA (p,d,q)
	AIC

	ARIMA(2,2,2)
	 Inf

	ARIMA(0,2,0)
	248.4404

	ARIMA(1,2,0)
	243.2544

	ARIMA(0,2,1)
	235.0969

	ARIMA(1,2,1)
	237.0857

	ARIMA(0,2,2)
	237.0675

	ARIMA(1,2,2)
	238.58



In Table 8, the MA parameter in the estimated ARIMA model is reported as -0.6485287 with a standard error of 0.0935.
Table 8: ARIMA (0,2,1) Model 
	
	Coefficient
	se
	t
	p value

	ARIMA (0,2,1)
	-0.6279 
	0.0957

	-6.5611***
	0.000



 The graph in Figure 11 shows the observed and forecast values from the ARIMA (0,2,1) model. The forecast indicates an upward trend from 2023-24 to 2032-33. 

Fig. 11. Total Fish Production by ARIMA Model
Table 9 displays the predicted total fish production numbers based on the ARIMA model and regression analysis, and the bar diagram in Figure 12 compares the forecasted values from 2023-24 to 2032-33 obtained from two forecasting methods.
Table 9: Forecasted Total Fish Production 
	Year
	Forecast by regression
	Forecast by ARIMA

	2023-24
	157.016
	186.5419

	2024-25
	162.922
	197.6337

	2025-26
	168.954
	208.7256

	2026-27
	175.112
	219.8175

	2027-28
	181.396
	230.9093

	2028-29
	187.806
	242.0012

	2029-30
	194.342
	253.0931

	2030-31
	201.004
	264.185

	2031-32
	207.792
	275.2768

	2032-33
	214.706
	286.3687










Fig. 12. Comparative Forecasted Values of Total Fish Production with Regression and ARIMA Model
The bar plot in the figure above indicates that the ARIMA model's projections for total fish output from 2023–24 to 2032–33 are higher than those of the regression model. 
Table 10 presents the results of independent-samples t-tests for mean differences and an F-test for variance comparison between two forecasting methods based on regression and ARIMA models. The F-values and their significance levels suggest no statistically significant differences in variances across all three fish production types. The t-tests indicate significant differences for inland and total fish production, while marine fish production shows no significant difference.
Table 10: Independent Sample Test of Forecasted Value with Regression and ARIMA Model
	
	
	F-Test for equality of variances
	t-test for equality of means

	
	
	
	
	
	
	
	
	
	95% confidence Interval

	
	
	F
	Sig.
	t
	df
	Sig.
	Mean Difference
	Std. Error Difference
	Lower
	Upper

	Marine Production
	Equal variances assumed
	 0.7505
	0.6759 
	 -1.7657
	18
	0.0944  
	-1.490519 
	.8441487 
	-3.26401  
	.2829717

	
	Equal variances not assumed
	
	
	 -1.490519 
	17.6415
	 0.0947 
	 -1.490519
	.8441487 
	-3.266596 
	.2855586

	Inland Production
	Equal variances assumed
	 0.4196
	0.2119   
	  -3.5766
	18
	0.0022
	 -37.4738
	 10.47755   
	-59.48631
	 -15.46129

	
	Equal variances not assumed
	
	
	  -3.5766
	 15.4226
	0.0027
	 10.47755 
	10.47755   
	 -59.75299
	-15.19461

	Total Production
	Equal variances assumed
	0.3342
	0.1181
	 -4.1863
	18
	0.0006
	 -51.35028  
	 12.2664 
	-77.12103  
	-25.57954

	
	Equal variances not assumed
	
	
	 -4.1863
	14.4109
	0.0009
	-51.35028 
	 12.2664
	 -77.58888
	-25.11168




The forecasting errors were first calculated by the formula for both regression and ARIMA models for all types of fish production. Then, the Average Forecasting Error was calculated by using the formula  shown in the table below. 
Table 11: Average Forecasting Error (in Percentage)
	
	Regression
	ARIMA

	Marine Fish Production
	6.77%
	4.65%

	Inland Fish Production
	13.08%
	3.77%

	Total Fish Production
	9.99%
	3.74%



The table above indicates that, in all fish production categories, ARIMA models have lower average forecasting errors compared to the percentage errors of the regression model, showing better forecasting accuracy.
EXPLORATORY ANALYSIS OF CLIMATE CHANGE AND THE MARINE FISHERY
A global study (Parker et al., 2018) found that catching one kilogram of fish releases approximately 2.20 kg of CO2 equivalent emissions (CO2e), with variations depending on the targeted fish type. In India, the average emission from fishing operations—covering mechanized, motorized, and indigenous sectors—was estimated at 1.52 kg CO2e per kilogram of fish, which is approximately 30% lower than the global average. When the study began in India a decade ago, emissions from Indian trawlers were about 16.3% below the global average. However, with rising global emissions, this difference has narrowed to 17.7%, demonstrating that climate change is increasingly impacting the Indian marine fishery sector.

Table 12: Marine Fish Catch in Million Tonnes and Carbon Dioxide Emissions
	 
	NW
	SW
	SE
	NE

	Total catch
	1169921
	1232642
	872954
	487831

	Total CO2e
	1567953
	1978953
	1317736
	857354

	 CO2e emission per Kg of fish caught
	1.34
	1.61
	1.51
	1.76


	Source: Carbon footprint of marine fisheries in India, CMFRI 2023
The carbon footprint of capture fisheries represents the total greenhouse gases (GHG) emitted to harvest one kilogram of fish, measured in carbon dioxide equivalent. It includes emissions from various stages, such as boat construction, net manufacturing, fish catching, processing, ice production, and even fish consumption. The climatic and oceanographic conditions vary across the four subsystems of the Indian Ocean—the southwest, northwest, southeast, and northeast coasts of the mainland. These differences cause notable regional disparities in both the volume and composition of fisheries.
Table 12 shows the total catch of fish in the marine sector and CO2e emissions in the four subsystems of the Indian Ocean. In 2023, the average annual fish landings along the Southwest coast reached 1.23 million tonnes, representing 33% of the total landings along the Indian coast, making it the highest among all regions. Following closely, the Northwest recorded 1.17 million tonnes, accounting for 31% of the overall total. The Southeast came third with 0.87 million tonnes (23%), and the Northeast contributed 0.5 million tonnes (12%). The carbon footprints are reported in the last row of the table. Although the NE zone records the lowest fish landings, it exhibits the highest emissions at 1.76 kg CO2e per kg of fish. In contrast, the SW zone, which has the highest fish landings, has an average emission rate of 1.61 kg CO2e per kg of fish.

Figure 13: Comparison between marine fish landings and CO2 emissions
The diagram indicates that the South-west region has the highest total fish catch and also the highest total CO2e emissions. 
Table 13 shows the carbon footprints of different coastal states. The Northwest zone features some of the most productive waters along the Indian coast, with a wide variety of fishery resources, craft-gear combinations, and fishing operations. Trawl fishing is the leading mechanized sector. Gujarat contributes about two-thirds of the fishery output in this zone. In Gujarat and Maharashtra, CO2e emissions from marine fisheries were 1.32 and 1.38 kg, respectively, averaging 1.34 kg CO2e per kilogram of fish caught through fishing activities on the northwestern coast. Kerala, Karnataka, and Goa had emissions of 1.86, 1.48, and 0.82 kg, averaging 1.61 kg CO2e per kg of fish. Tamil Nadu dominates the fishery in the Southeast zone, accounting for 74%. Emissions from marine fisheries in Tamil Nadu, Andhra Pradesh, and Puducherry were 1.46, 1.69, and 1.89 kg, respectively, with an average of 1.51 kg CO2e per kg of fish. In the Northeast zone, nearly 75% of landings came from West Bengal. Like the NW coast, this zone has fishing operations with mechanized bagnets harvesting substantial fish. CO2e emissions in Odisha and West Bengal were 1.73 and 1.78 kg, respectively, with an average of 1.764 kg CO2e per kg of fish in the NE coast. The data reveal that the carbon footprints are very high in Kerala (1.94), Andhra Pradesh (1.87), Odisha (1.87), Pondicherry (1.73), and West Bengal (1.73) in the case of mechanized marine fishing. In contrast, the carbon footprints are relatively less in highly productive states, such as Gujarat (1.16), and Maharashtra (1.3). 

Table 13: CO2 Emissions Per kg of Marine Fish Caught
	
	Gujarat
	Maharashtra
	Kerala
	karnataka
	Goa
	Tamil Nadu
	Andhra Pradesh
	Pondicherry
	Odisha
	West Bengal

	 CO2e  emission
 per Kg 
of fish caught by the mechanized Sector
	1.16
	1.3
	1.94
	1.41
	0.7
	1.55
	1.87
	1.73
	1.87
	1.73

	 CO2e  emission
 per Kg
 of fish caught by the total Marine Fishery Sector
	1.32
	1.38
	1.86
	1.48
	0.82
	1.46
	1.69
	1.89
	1.69
	1.78


Source: Carbon footprint of marine fisheries in India, CMFRI 2023

                          
Figure 14. 1: CO2e emissions Metric Tons by
 marine fishery mechanization                 		             Figure 15: CO2e emissions in Metric Tons by total marine fishery 


The study revealed that active fishing accounts for over 90% of fuel consumption in the fisheries sector across all zones. Monitoring fuel consumption during this period is essential for recommending measures to reduce emissions. Ongoing and significant efforts are necessary to reduce CO2e emissions from mechanized and motorized fishing activities, enabling Indian marine fisheries to become more environmentally friendly.

Table 14: Marine fish landings 
	Year
	Total marine fish landings (numbers)

	2013
	3781869

	2014
	3593833

	2015
	3404771

	2016
	3629824

	2017
	3834573

	2018
	3487612

	2019
	3561386

	2020
	2726380

	2021
	3047484

	2022
	3490299

	2023
	3530492

	2024
	3450105


Source: Central Marine Fisheries Research Institute Special Publication No. 149, 2023

Table 14 displays the total marine fish landings along India's coast from 2013 to 2024. It decreases from 3,781,869 in 2013 to 3,450,105 in 2024, a drop of 8.77%. The peak was in 2017 with 3,834,573 landings, but since then, landings have fallen by 10%. This indicates that climate change and CO2 emissions have negatively affected marine fisheries. 
4. Conclusion
This paper examines the production of marine fish, inland fish, and their combined output in India to forecast future trends using linear regression and the ARIMA model. The results show that the ARIMA model offers a more accurate outlook for inland and total fish production, while the regression model predicts higher levels of marine fish production. In terms of forecast accuracy, measured by average forecast error, the ARIMA model is more effective, with lower errors across all categories. Appropriate ARIMA models with minimal Akaike Information Criterion values include a random walk with drift for marine fish and an MA (1) model for inland and total production. The independent sample test results indicate no significant differences in mean values or variances. Data from 2020-21 to 2029-30 project a steady increase in fish production across India. Additionally, the carbon footprints from different fishing methods and various maritime states were compared. Climate change clearly affects the fisheries industry, which, in turn, exacerbates climate change through its carbon dioxide emissions at different stages. Marine fisheries, in particular, face challenges in reducing emissions because they heavily rely on mechanization for fishing.
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Observed	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	10.86	9.7799999999999994	12.17	12.14	14.18	13.48	12.56	13.93	14.9	14.92	15.55	14.45	14.27	15.19	16.98	17.16	17.13	16.579999999999998	18.170000000000002	22.75	23	24.47	25.76	26.49	26.92	27.07	29.67	29.5	26.96	28.52	28.11	28.3	29.9	29.41	27.79	28.16	30.24	29.2	29.78	31.04	32.5	33.72	33.21	34.43	35.69	36	36.25	36.880000000000003	38.53	37.270000000000003	34.76	41.27	44.32	Forecasted by ARIMA	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	10.86	9.7799999999999994	12.17	12.14	14.18	13.48	12.56	13.93	14.9	14.92	15.55	14.45	14.27	15.19	16.98	17.16	17.13	16.579999999999998	18.170000000000002	22.75	23	24.47	25.76	26.49	26.92	27.07	29.67	29.5	26.96	28.52	28.11	28.3	29.9	29.41	27.79	28.16	30.24	29.2	29.78	31.04	32.5	33.72	33.21	34.43	35.69	36	36.25	36.880000000000003	38.53	37.270000000000003	34.76	41.27	44.32	41.78895	41.64622	43.815719999999999	44.544899999999998	44.377090000000003	45.010620000000003	45.959330000000001	46.487050000000004	46.922890000000002	47.569920000000003	Year


Production




Forecasted by regression	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	40.7239	41.301200000000001	41.878500000000003	42.455800000000004	43.033100000000005	43.610400000000006	44.187700000000007	44.765000000000001	45.342300000000002	45.919600000000003	Forecasted by ARIMA	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	41.78895	41.64622	43.815719999999999	44.544899999999998	44.377090000000003	45.010620000000003	45.959330000000001	46.487050000000004	46.922890000000002	47.569920000000003	Year


Production forecast




Inland Fish Production (Lakh Tonnes)

Inland	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	6.7	5.9	7.12	7.48	7.85	7.02	6.8	7.32	8.16	8.48	8.8699999999999992	9.99	9.4	9.8699999999999992	11.03	11.6	12.29	13.01	13.35	14.02	15.36	17.100000000000001	17.89	19.95	20.97	22.42	23.81	24.38	26.02	28.23	28.45	31.26	32.1	34.58	35.26	37.56	38.450000000000003	42.07	46.38	48.94	49.81	52.94	57.19	61.36	66.91	71.62	78.06	89.02	97.2	104.37	112.49	121.21	131.13	Year


Production



Inland Fish Production (Lakh Tonnes)

Inland	
1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	6.7	5.9	7.12	7.48	7.85	7.02	6.8	7.32	8.16	8.48	8.8699999999999992	9.99	9.4	9.8699999999999992	11.03	11.6	12.29	13.01	13.35	14.02	15.36	17.100000000000001	17.89	19.95	20.97	22.42	23.81	24.38	26.02	28.23	28.45	31.26	32.1	34.58	35.26	37.56	38.450000000000003	42.07	46.38	48.94	49.81	52.94	57.19	61.36	66.91	71.62	78.06	89.02	97.2	104.37	112.49	121.21	131.13	Year


Production



Observed	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	6.7	5.9	7.12	7.48	7.85	7.02	6.8	7.32	8.16	8.48	8.8699999999999992	9.99	9.4	9.8699999999999992	11.03	11.6	12.29	13.01	13.35	14.02	15.36	17.100000000000001	17.89	19.95	20.97	22.42	23.81	24.38	26.02	28.23	28.45	31.26	32.1	34.58	35.26	37.56	38.450000000000003	42.07	46.38	48.94	49.81	52.94	57.19	61.36	66.91	71.62	78.06	89.02	97.2	104.37	112.49	121.21	131.13	Forecasted by ARIMA	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	6.7	5.9	7.12	7.48	7.85	7.02	6.8	7.32	8.16	8.48	8.8699999999999992	9.99	9.4	9.8699999999999992	11.03	11.6	12.29	13.01	13.35	14.02	15.36	17.100000000000001	17.89	19.95	20.97	22.42	23.81	24.38	26.02	28.23	28.45	31.26	32.1	34.58	35.26	37.56	38.450000000000003	42.07	46.38	48.94	49.81	52.94	57.19	61.36	66.91	71.62	78.06	89.02	97.2	104.37	112.49	121.21	131.13	140.31469999999999	149.49940000000001	158.6841	167.86879999999999	177.05350000000001	186.2381	195.4228	204.60749999999999	213.79220000000001	222.9769	Year



Production




Forecasted by regression	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	118.1806	123.613	129.17419999999998	134.86419999999998	140.68299999999999	146.63059999999999	152.70699999999999	158.91219999999998	165.24620000000002	171.709	Forecasted by ARIMA	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	140.31469999999999	149.49940000000001	158.6841	167.86879999999999	177.05350000000001	186.2381	195.4228	204.60749999999999	213.79220000000001	222.9769	Year


Forecasted production




Total Fish Production (Lakh Tonnes)

Total	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	17.559999999999999	15.68	19.29	19.62	22.03	20.5	19.36	21.25	23.06	23.4	24.42	24.44	23.67	25.06	28.01	28.76	29.42	29.59	31.52	36.770000000000003	38.36	41.57	43.65	46.44	47.89	49.49	53.48	53.88	52.98	56.75	56.56	59.56	62	63.99	63.05	65.72	68.69	71.27	76.16	79.98	82.31	86.66	90.4	95.79	102.6	107.62	114.31	125.9	135.72999999999999	141.63999999999999	147.25	162.47999999999999	175.45	Year


Production



Trend in Total Fish Production (Lakh Tonnes)

Total	
1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	17.559999999999999	15.68	19.29	19.62	22.03	20.5	19.36	21.25	23.06	23.4	24.42	24.44	23.67	25.06	28.01	28.76	29.42	29.59	31.52	36.770000000000003	38.36	41.57	43.65	46.44	47.89	49.49	53.48	53.88	52.98	56.75	56.56	59.56	62	63.99	63.05	65.72	68.69	71.27	76.16	79.98	82.31	86.66	90.4	95.79	102.6	107.62	114.31	125.9	135.72999999999999	141.63999999999999	147.25	162.47999999999999	175.45	Year


Production



Observed	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	17.559999999999999	15.68	19.29	19.62	22.03	20.5	19.36	21.25	23.06	23.4	24.42	24.44	23.67	25.06	28.01	28.76	29.42	29.59	31.52	36.770000000000003	38.36	41.57	43.65	46.44	47.89	49.49	53.48	53.88	52.98	56.75	56.56	59.56	62	63.99	63.05	65.72	68.69	71.27	76.16	79.98	82.31	86.66	90.4	95.79	102.6	107.62	114.31	125.9	135.72999999999999	141.63999999999999	147.25	162.47999999999999	175.45	Forecasted by ARIMA	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	17.559999999999999	15.68	19.29	19.62	22.03	20.5	19.36	21.25	23.06	23.4	24.42	24.44	23.67	25.06	28.01	28.76	29.42	29.59	31.52	36.770000000000003	38.36	41.57	43.65	46.44	47.89	49.49	53.48	53.88	52.98	56.75	56.56	59.56	62	63.99	63.05	65.72	68.69	71.27	76.16	79.98	82.31	86.66	90.4	95.79	102.6	107.62	114.31	125.9	135.72999999999999	141.63999999999999	147.25	162.47999999999999	175.45	186.5419	197.6337	208.72559999999999	219.8175	230.9093	242.00120000000001	253.09309999999999	264.185	275.27679999999998	286.36869999999999	Year


Production




Forecast by regression	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	157.01599999999999	162.922	168.95400000000001	175.11200000000002	181.39599999999999	187.80599999999998	194.34200000000001	201.00400000000002	207.792	214.70599999999999	Forecast by ARIMA	2023-24	2024-25	2025-26	2026-27	2027-28	2028-29	2029-30	2030-31	2031-32	2032-33	186.5419	197.6337	208.72559999999999	219.8175	230.9093	242.00120000000001	253.09309999999999	264.185	275.27679999999998	286.36869999999999	Year


Forecast Production




Total catch	NW	SW	SE	NE	1169921	1232642	872954	487831	Total CO2e	NW	SW	SE	NE	1567953	1978953	1317736	857354	



 CO2e  emission per Kg of fish caught by mechanized sector in marine fishery

 CO2  emission per Kg of fish caught by Mechanized Sector	Gujarat	Maharashtra	Kerala	karnataka	Goa	Tamil Nadu	Andhra Pradesh	Pondicherry	Odisha	West Bengal	1.1599999999999999	1.3	1.94	1.41	0.7	1.55	1.87	1.73	1.87	1.73	


 CO2e  emission per Kg of fish caught by total marine fishery sector

 CO2  emission per Kg of fish caught by Total Marine Fishery Sector	Gujarat	maharashtra	Kerala	karnataka	Goa	Tamil Nadu	Andhra Pradesh	Pondicherry	Odisha	West Bengal	1.32	1.38	1.86	1.48	0.82	1.46	1.69	1.89	1.69	1.78	


Marine Fish Production (Lakh Tonnes) 

Marine 	1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	10.86	9.7799999999999994	12.17	12.14	14.18	13.48	12.56	13.93	14.9	14.92	15.55	14.45	14.27	15.19	16.98	17.16	17.13	16.579999999999998	18.170000000000002	22.75	23	24.47	25.76	26.49	26.92	27.07	29.67	29.5	26.96	28.52	28.11	28.3	29.9	29.41	27.79	28.16	30.24	29.2	29.78	31.04	32.5	33.72	33.21	34.43	35.69	36	36.25	36.880000000000003	38.53	37.270000000000003	34.76	41.27	44.32	Year


Production



Trend in Marine Fish Production (Lakh Tonnes) 

Marine 	
1970-71	1971-72	1972-73	1973-74	1974-75	1975-76	1976-77	1977-78	1978-79	1979-80	1980-81	1981-82	1982-83	1983-84	1984-85	1985-86	1986-87	1987-88	1988-89	1989-90	1990-91	1991-92	1992-93	1993-94	1994-95	1995-96	1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2016-17	2017-18	2018-19	2019-20	2020-21	2021-22	2022-23	10.86	9.7799999999999994	12.17	12.14	14.18	13.48	12.56	13.93	14.9	14.92	15.55	14.45	14.27	15.19	16.98	17.16	17.13	16.579999999999998	18.170000000000002	22.75	23	24.47	25.76	26.49	26.92	27.07	29.67	29.5	26.96	28.52	28.11	28.3	29.9	29.41	27.79	28.16	30.24	29.2	29.78	31.04	32.5	33.72	33.21	34.43	35.69	36	36.25	36.880000000000003	38.53	37.270000000000003	34.76	41.27	44.32	Year


Production
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