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Abstract
This study examines the fish economy of Odisha with special reference to Chilika Lake, focusing on production trends, species composition, livelihood dependence, and export relevance. Using a combination of primary field survey data and secondary time-series data, the analysis covers inland and marine fisheries in Odisha as well as fish, shrimp, and crab production in Chilika Lake. Descriptive statistics and trend analysis are complemented by econometric techniques, including the Augmented Dickey–Fuller unit root test and ARIMA modelling, to evaluate production dynamics and generate short-term forecasts. The results indicate sustained and robust growth in inland fisheries in Odisha, while fisheries production in Chilika Lake exhibits temporal fluctuations with persistent economic significance, particularly from fish and shrimp resources. The econometric evidence confirms non-stationarity at levels and stationarity after first differencing, validating the use of ARIMA-based forecasting. The findings highlight the critical role of sustainable fisheries management, effective regulation of aquaculture practices, and targeted policy interventions to enhance livelihood security, strengthen export performance, and ensure long-term ecological sustainability of the Chilika Lake wetland ecosystem.
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Introduction on Fish Economy
Fisheries play a crucial role in the economic and social fabric of Odisha, providing employment, livelihood security, and nutritional benefits to millions. With its extensive coastline, numerous rivers, and rich inland water bodies, Odisha has emerged as one of India’s leading states in fish production and exports (Das et al., 2024). Among its aquatic ecosystems, Chilika Lake, Asia’s second-largest brackish water lagoon, holds a special place in the state's fish economy.
Odisha ranks fourth in fish production in India, contributing approximately 6% of the national output. Total fish production has steadily increased, reaching 11.24 Lakh Metric Tons (LMT) in FY 2022-23 (Directorate of Fisheries, GOO). Chilika Lake hosts a unique blend of marine, brackish, and freshwater ecosystems with estuarine characteristics, supporting the livelihoods of thousands of fisherfolk (Nandy et al., 2025). The lake remains one of the primary sources of capture fisheries in the state, sustaining over 100,000 fishers. Fisheries contribute more than 71% of the total economic value of the lake (CDA, Annual Activity Report 2009).
Until 1991, no formal distinction was made between capture and culture fisheries, although aquaculture was practiced illegally by both fishermen and non-fishermen. The Government of Odisha introduced regulatory guidelines under the "1991 Lease Policy," effective January 1, 1992. This policy separated the lake’s fishing activities into capture and culture fisheries and allowed non-fishermen to engage in shrimp aquaculture, leading to socio-economic and environmental implications (Pattanaik, 2007b).
Trend and Pattern of Fish Production in Odisha
Odisha is the fourth-largest fish-producing state in India and a major contributor to the national fisheries sector (Ngasotter et al., 2020). Over the past five years (2017-18 to 2021-22), the sector exhibited a Compound Annual Growth Rate (CAGR) of 9.64%, surpassing the national average of 6.34% and neighboring states such as Andhra Pradesh (8.68%) and West Bengal (1.42%). Over the last 24 years, fish production in Odisha has increased fourfold, from 2.60 LMT in 2000-01 to 11.24 LMT in 2023-24, reflecting consistent growth.
Table-1: Fish Production in Odisha from 2001-2024 (in Lakh Metric Ton)
	Year
	Inland Fish Production
	Marine Fish Production
	Total Fish Production

	2000-01
	1.39
	1.21
	2.60

	2001-02
	1.68
	1.14
	2.82

	2002-03
	1.74
	1.15
	2.89

	2003-04
	1.90
	1.17
	3.07

	2004-05
	1.94
	1.22
	3.16

	2005-06
	2.03
	1.22
	3.25

	2006-07
	2.15
	1.28
	3.43

	2007-08
	2.19
	1.31
	3.49

	2008-09
	2.39
	1.35
	3.75

	2009-10
	2.41
	1.29
	3.71

	2010-11
	2.53
	1.33
	3.86

	2011-12
	2.68
	1.14
	3.82

	2012-13
	2.92
	1.18
	4.10

	2013-14
	2.94
	1.20
	4.14

	2014-15
	3.36
	1.33
	4.70

	2015-16
	3.77
	1.45
	5.21

	2016-17
	4.55
	1.53
	6.08

	2017-18
	5.34
	1.51
	6.85

	2018-19
	6.01
	1.58
	7.59

	2019-20
	6.59
	1.57
	8.16

	2020-21
	7.01
	1.72
	8.73

	2021-22
	7.89
	2.10
	9.90

	2022-23
	8.39
	2.13
	10.52

	2023-24
	8.96
	2.28
	11.24

	Mean
	3.86
	1.43
	5.29

	SD
	2.37
	0.33
	2.67

	Kurtosis
	-0.39
	1.50
	-0.19

	Skewness
	0.99
	1.51
	1.05

	CAGR
	8%
	3%
	6%


Source: Compiled and Computed by Author
Odisha has witnessed steady growth in fish production over the past two decades, with significant contributions from both inland and marine fisheries. Table 1 presents the annual fish production data of Odisha from 2000-01 to 2023-24, highlighting the sector's expansion. The table 1 shows that the Inland fish production has increased significantly from 1.39 LMT in 2000-01 to 8.96 LMT in 2023-24, making it the primary contributor to the state’s fisheries sector with the CAGR of 8%. The Marine fish production has shown a moderate increase, growing from 1.21 LMT in 2000-01 to 2.28 LMT in 2023-24 with CAGR of 3%.The overall growth suggests Odisha’s fisheries sector has evolved into a major economic driver for the state.
Figure-1 Annual Fish Production, Odisha (in Lakh Metric Ton)

Source: Data in the Table-.1
The figure 1 presents the trend line of annual fish production in Odisha from 2000-01 to 2023-24, highlighting the growth of inland and marine fisheries. The blue line represents inland fish production, which shows a steady and significant increasing from 1.39 LMT in 2000-01 to 8.96 LMT in 2023-24. This indicates an upward trend in inland fish production in Odisha, reflecting rapid growth in this sector. In contrast, the red line represents marine fish production, which also exhibits a rising trend, increasing from 1.21 LMT in 2000-01 to 2.28 LMT in 2023-24, though at a comparatively slower pace. The widening gap between inland and marine fish production suggests that inland fisheries have been the primary contributor to Odisha’s fisheries sector, playing a crucial role in the state's economic growth and employment generation.
4.3. Trend and Pattern of fish production in Chilika Lake
Over 200,000 people who work as fishermen reside near Chilika Lake, which is surrounded by 132 fishing settlements. According to information from the Odisha government, the entire catch from the lake, including fish, shrimp, and crab, was 8669 MT in 1985–1986 and dropped to around 1745 MT in 1999–2000. However, the production of fish, shrimp, and crab has apparently increased since 2001. The Lake Chilika is divided in to three major sectors, north, central and southern (Mohanty et.al, 1988; Ghosh and Pattnaik, 2005). 
Table-2. Fish, Shrimp and Crab yields (in MT) for Chilika Lake from 2001 to 2022
	Year
	Fish
	% of Total
	Shrimp
	% of Total
	Crab
	% of Total
	Total

	2001
	3817.81
	76.62
	1071.38
	21.50
	93.60
	1.88
	4982.79

	2002
	9530.03
	79.49
	2347.78
	19.58
	111.07
	0.93
	11988.88

	2003
	8265.16
	75.87
	2478.82
	22.75
	149.81
	1.38
	10893.79

	2004
	10286.34
	73.20
	3611.37
	25.70
	155.51
	1.11
	14053.22

	2005
	8097.77
	61.07
	5000.71
	37.71
	161.89
	1.22
	13260.37

	2006
	7774.81
	63.60
	4296.02
	35.14
	154.08
	1.26
	12224.91

	2007
	6463.92
	64.93
	3368.97
	33.84
	122.94
	1.23
	9955.83

	2008
	6610.23
	65.79
	3298.08
	32.83
	139.12
	1.38
	10047.43

	2009
	6534.85
	61.06
	3929.68
	36.72
	237.5
	2.22
	10702.03

	2010
	7892.98
	66.02
	3851.49
	32.22
	210.89
	1.76
	11955.36

	2011
	7736.54
	59.21
	5043.18
	38.60
	285.90
	2.19
	13065.62

	2012
	7456.03
	52.40
	6413.91
	45.08
	358.26
	2.52
	14228.2

	2013
	7114.30
	57.07
	5034.05
	40.38
	318.58
	2.56
	12466.93

	2014
	7699.71
	59.52
	4927.66
	38.09
	308.97
	2.39
	12936.34

	2015
	7146.77
	59.29
	4572.32
	37.93
	334.58
	2.78
	12053.67

	2016
	7271.95
	59.43
	4564.54
	37.31
	398.77
	3.26
	12235.26

	2017
	12714.95
	48.23
	13295.39
	50.43
	351.37
	1.33
	26361.71

	2018
	11375.26
	69.54
	4706.71
	28.77
	276.37
	1.69
	16358.34

	2019
	11618.05
	68.74
	4951.37
	29.30
	331.90
	1.96
	16900.32

	2020
	11787
	72.64
	4135
	25.48
	305
	1.88
	16227.00

	2021
	9406
	72.63
	3300
	25.48
	244
	1.88
	12950.00

	2022
	12188
	62.74
	6762
	34.81
	479
	2.47
	19429.00


Source- Fisheries and Animal Resource Development Department, Odisha
Table-2 represents that fish production is more than the shrimp and crab production. The data from 2001 to 2022 highlights the production trends of fish, shrimp, and crab and their respective percentage contributions to total seafood production. In 2001, fish dominated the total output with 76.62%, shrimp contributed 21.50%, and crab made up a minimal 1.88% of the total 4,982.79 metric tonns. Over the following years, fish remained the largest contributor, though its share fluctuated. Significant increases in total production which is 26,361.71 metric tons in 2017, driven by a sharp rise in both fish (48.23%) and shrimp (50.43%) production. The Table 2 also shows a steady rise in shrimp production from 35.14% in 2006 to 50.43% in 2017, reflecting its growing economic importance. Crab production is gradually increased in volume but remained below 3.26% of total output. After 2017, the total production declined to 16,227 metric tons in 2020 and further to 12,950 metric tons in 2021, with fish regaining a larger share of 72.64% and shrimp's share shrinking to 25.48%. Crab’s contribution remained stable at around 1.88% in the later years. In the year 2022, the Fish Production increase at 62.74 % and Shrimp Production also increases from 25.48 in the year 2021 to 34.81 % in 2022. The production of crab also increases to 2.44% in the year 2022.The data illustrates dynamic changes in the fisheries sector, driven by varying market demands and possibly shifts in aquaculture practices.
Figure-2 Fish Production in Chilika Lake (2001-2022) in MT
Source: Data in the Table-2
The figure 2 shows the trend of fish production in Chilika Lake from 2001 to 2022, measured in metric tonns (MT). Fish production increasing significantly over the years, with the highest peak observed in 2017, exceeding 12,000 MT. After the peak year, production stabilized at higher levels but showed a slight decline in 2021 and it increased in 2022. Factors influencing these variations include ecological changes, overfishing, government regulations, and climate conditions. The remarkable rise in 2017 likely reflects improved management and favorable environmental conditions, emphasizing the importance of sustainable fishing practices to maintain long-term productivity. The equation for the trend line is:
y=6231.4e0.0248xy    
Where y represents fish production and x represents the year. 
The coefficient 0.02480 suggests a positive growth rate in fish production over time. The analysis highlights an overall increasing trend in fish production despite periodic fluctuations. The sharp rise in recent years suggests positive developments in the fishing sector, but challenges such as sustainability and resource management need to be addressed.
[bookmark: _Hlk191176452]Figure-3 Shrimp Production in Chilika Lake (2001-2022) in MT

Source: Data in the Table-2
The figure 3 shows the shrimp production in Chilika Lake from 2001 to 2022, measured in metric tons (MT). There is a general upward trend in production during the early 2000s, peaking significantly in 2017 with a production of over 13,000 MT. After this peak, shrimp production declines sharply with 4,000 and 6,000 MT in subsequent years. In 2022, production increases again to 6,762 MT, showing signs of recovery. The data highlights the variability in shrimp yields, which could be influenced by environmental, regulatory, or market factors affecting the sustainable management of Chilika Lake's resources. 
The trend equation is:
y=2508.4e0.0437xy  
Where:
y represents prawn production,
x represents the year, and
0.0437 is the growth coefficient, suggesting an increasing trend over time.


Figure-4 Crab Production in Chilika Lake (2001-2022) in MT

Source: Data in the Table-2
The figure 4 illustrates the trend of crab production in Chilika Lake from 2001 to 2022, measured in Metric tonns (MT). The production shows a general increasing trend. Notable growth occurs around 2010–2016, where production peaks multiple times. However, a decline follows before another significant rise in 2022, which records the highest crab production. The trend line suggests long-term growth, despite periodic drops. The analysis of crab production trends over the past two decades provides insights into the sustainability, economic viability, and challenges faced by crab fisheries in the region.
y=113.24 e0.0611xy 
Table-3 Descriptive statistics of Fish Production in Chilika Lake (in Metric Ton)
	Statistical Measure
	Fish
	% of Total
	Shrimp
	% of Total
	Crab
	% of Total
	Total

	Mean
	8581.29
	64.96
	4589.11
	33.17
	251.32
	1.88
	8581.29

	S.D
	2260.15
	8.02
	2325.64
	7.76
	105.43
	0.62
	2260.15

	Kurtosis
	-0.31
	-0.40
	9.49
	-0.16
	-0.76
	-0.51
	-0.31

	Skewness
	0.28
	-0.04
	2.52
	0.13
	0.23
	0.42
	0.28

	Range
	8897.14
	31.26
	12224.01
	30.85
	385.40
	2.33
	8897.14

	Minimum
	3817.81
	48.23
	1071.38
	19.58
	93.60
	0.93
	3817.81

	Maximum
	12714.95
	79.49
	13295.39
	50.43
	479.00
	3.26
	12714.95

	N
	22
	22
	22
	22
	22
	22
	22


Source- Compiled and Computed by the Author
The table-3 evaluates the descriptive statistics of fish, shrimp, and crab production provides key insights into their distribution and variability over the observed period. The mean production levels indicate that the mean value of fish production is 8,581.29 MT (64.96%), followed by shrimp at 4,589.11 MT (33.17%), and crabs production 251.32 MT (1.88%). The standard deviation (S.D.), which measures variability, is highest for shrimp (2,325.64 MT), followed by fish (2,260.15 MT) and crabs (105.43 MT), suggesting greater fluctuations in shrimp and fish production. The range, showing the difference between the maximum and minimum values, is widest for shrimp (12,224.01 MT) and narrowest for crabs (385.40 MT), indicating significant variations in shrimp production. The kurtosis values suggest a relatively normal distribution for fish (-0.31) and crabs (-0.76), while shrimp (9.49) exhibits a highly peaked distribution, implying occasional extreme values. The Skewness values show that shrimp production (2.52) is heavily right-skewed, indicating frequent low production levels with occasional high spikes, while fish (0.28) and crab (0.23) distributions are more balanced. The total production fluctuated across 22 observations, with fish production ranging from 3,817.81 MT to 12,714.95 MT, shrimp from 1,071.38 MT to 13,295.39 MT, and crabs from 93.60 MT to 479.00 MT. These statistics highlight the dominance of fish in total production, the high variability in shrimp, and the relatively stable but lower crab production, providing valuable insights for fisheries management and sustainable resource utilization.
Table-4 Annual Per-Capita Consumption (Kg) of Fish in Odisha from 2001-2023
	Year
	Per-capita Consumption (in Kg/Annum)
	Percentage Growth over the Previous Year

	2000-01
	7.71
	__

	2001-02
	8.14
	5.58

	2002-03
	8.28
	1.72

	2003-04
	8.35
	0.85

	2004-05
	8.72
	4.43

	2005-06
	9.05
	3.78

	2006-07
	8.99
	-0.66

	2007-08
	9.29
	3.34

	2008-09
	13.27
	42.84

	2009-10
	10.88
	-18.01

	2010-11
	9.42
	-13.42

	2011-12
	10.14
	7.64

	2012-13
	9.13
	-9.96

	2013-14
	9.66
	5.81

	2014-15
	11.06
	14.49

	2015-16
	12.24
	10.67

	2016-17
	13.49
	10.21

	2017-18
	14.42
	6.89

	2018-19
	15.38
	6.66

	2019-20
	16.24
	5.59

	2020-21
	16.36
	1.00

	2021-22
	17.35
	6.05

	2022-23
	17.73
	2.16

	2023-24
	18.33
	3.38


Source: Compiled and Computed by the Author
The Table-4 indicates increasing trend of per capita fish consumption. The table provides data on per-capita consumption (in kg per annum) for the years 2000-01 to 2023-24, along with the percentage growth over the previous year. In 2000-01, per-capita consumption of fish began at 7.71 kg. The growth pattern shows variability over the two decades. Between 2001-02 and 2007-08, consumption generally increased steadily, with moderate annual growth rates, peaking at 3.34% in 2007-08. However, the year 2008-09 saw a significant spike in consumption, rising by 42.84% to 13.27 kg, followed by a sharp decline of 18.01% in 2009-10. Similarly, 2010-11 experienced another drop of 13.42%, reflecting volatility in consumption patterns. From 2011-12 onwards, consumption resumed a general upward trend with intermittent fluctuations, including declines in 2012-13 (-9.96%) and steady growth in subsequent years. Notably, from 2014-15 to 2019-20, growth remained consistently positive, reaching a high of 14.49% in 2014-15. The data concludes with a per-capita consumption of 18.33 kg in 2023-24, marking an overall growth pattern characterized by both periods of rapid increases and significant declines
Market-wise Export 
The United States remained the largest importer of Indian seafood, accounting for 38.37% of total exports in USD value. In the current financial year, the U.S. imported 305,178 MT of seafood, reflecting an increase of 8.25% in quantity, 10.38% in rupee value, and 9.30% in USD terms. Frozen shrimp remained the dominant export item, comprising 95.54% of the total USD value. Notably, exports of Vannamei shrimp to the U.S. experienced significant growth of 18.94% in quantity and 19.02% in USD value (Das, 2013b). In contrast, exports of Black Tiger shrimp to the U.S. declined sharply by 36.69% in quantity and 33.69% in USD value.
China ranked as the second-largest market for Indian seafood, contributing 20.58% to total USD earnings and 25.55% in quantity. Exports to China surged by 46.10% in quantity, 69.54% in rupee value, and 69.47% in USD terms. Frozen shrimp remained the leading export, accounting for 44.22% of the quantity and 62.65% of USD earnings. In total, China imported 329,479 MT of seafood, valued at USD 1,374.63 million (Khan et al., 2018).
The European Union retained its position as the third-largest destination, representing 13.12% of total seafood exports in USD terms. Frozen shrimp remained the primary export item, contributing 44.66% in quantity and 58.53% in USD earnings. Exports of frozen shrimp to the EU grew by 5.21% in quantity and 1.63% in USD value.
Southeast Asia ranked fourth among Indian seafood export markets, with a share of 10.57% in USD terms. However, exports to the region witnessed a sharp decline, decreasing by 50.02% in quantity, 53.32% in rupee value, and 53.90% in USD earnings.
Japan was the fifth-largest importer of Indian seafood, accounting for 6.32% of USD earnings and 6.09% in quantity. While exports to Japan showed a marginal increase of 0.02% in rupee value, they declined by 6.63% in quantity and 0.24% in USD earnings. Frozen shrimp remained the leading export, constituting 49.63% of total quantity and 78.10% of USD earnings. Exports of frozen shrimp to Japan increased by 6.31% in quantity, 6.92% in rupee value, and 5.91% in USD value.
Exports to the Middle East demonstrated moderate growth of 5.04% in rupee value and 3.82% in USD value but declined by 4.72% in quantity. Meanwhile, exports to other countries exhibited positive growth of 1.29% in quantity, 3.19% in rupee value, and 1.92% in USD earnings compared to the previous year.
Forecast of fish production in Chilika Lake from 2022-2027
Chilika Lake is the primary source of brackish water fish, with an average water spread area of 906 sq. km during summer and expanding to 1,165 sq. km during the monsoon. The lake also includes an island area of 223 sq. km. There are 132 fishing villages around the lake, comprising 22,032 families and a total population of 122,339. Among them, 30,936 fishermen are actively dependent on Chilika Lake for their livelihood (CDA,2018).
The Unit Root Test of Stationarity
In time series analysis unit root test which is a statistical hypothesis test. The unit root test determines whether a time series variable is non-stationary and possesses a unit root. In time series analysis, ensuring the use of a stationary time series is essential to prevent the issue of spurious causality. Spurious causality arises when a strong correlation is observed between two non-stationary time series variables, despite the absence of a genuine causal relationship between them. If a time series contains a unit root, classical regression methods can lead to misleading results, as the regression becomes spurious in the presence of a unit root. Conversely, in the absence of a unit root, the analysis remains valid. A time series is considered stationary when its mean, variance, and auto covariance are independent of time, indicating no unit root. On the other hand, if these properties vary over time, the series is classified as non-stationary, implying the presence of a unit root (Hou et.al, 2006). If a stationarity test confirms that the time series is stationary at the level (without applying differencing, i.e., Yt), further differencing is not required for analysis, then an integration of order 0 or I (0) will be performed on the series. In contrast, a series will be integrated of order 1 or I (1) if the test indicates that it is stationary at first difference (i.e., Yt - Yt-1). In order to prevent misleading correlation, it is intriguing to look at the sequence of integration for each variable. Dickey and Fuller (1979) developed the parametric Augmented Dickey  Fuller (ADF) test.
Augmented Dickey Fuller (ADF) Test
The Augmented Dickey-Fuller (ADF) Test is a widely used statistical test in time series analysis to determine the presence of a unit root, which indicates whether a time series is stationary or non-stationary. It is an enhanced version of the Dickey-Fuller test that addresses issues of autocorrelation by adding lagged differences of the dependent variable. The test examines the null hypothesis (H0​) that the series has a unit root (non-stationary), against the alternative hypothesis (Ha) that the series is stationary. The regression equation used in the ADF test can include a constant, a trend, or both. If the test statistic is more negative than the critical value or if the p-value is below a chosen significance level
Table-5 Result of Stationary Test (Augmented Dickey Fuller)
	Augmented Dickey Fuller(ADF)

	
	At Level
	

	Fish Production

	With Constant
	t-Statistic
	-1.5185

	
	Prob.
	 0.5130

	With Constant & Trend 
	t-Statistic
	-3.3084*

	
	Prob.
	 0.0811

	Without Constant & Trend 
	t-Statistic
	 0.0622

	
	Prob.
	 0.6960

	Augmented Dickey Fuller(ADF) (at First Order Difference)

	
	
	d(Fish Production)

	With Constant
	t-Statistic
	-8.0340***

	
	Prob.
	 0.0000

	With Constant & Trend 
	t-Statistic
	-8.0286***

	
	Prob.
	 0.0000

	Without Constant & Trend 
	t-Statistic
	-8.0961***

	
	Prob.
	 0.0000

	Notes: (*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1%. and (no) Not Significant 
*MacKinnon (1996) one-sided p-values.

	
	


Source: Compiled and Computed by the Author 
In the above table-5 the results of the unit root tests, using Augmented Dickey-Fuller (ADF) methods, indicate that the series FP is not stationary at level, as the p-values are above standard significance levels in both tests. However, when a constant trend is included, there is weak evidence of trend stationarity at the 10% level. The t-statistic is -1.5185, and the p-value is 0.5130. The null hypothesis cannot be rejected, so the series is not stationary. The t-statistic is -3.3084, with a p-value of 0.0811, significant at the 10% level (*). This suggests weak evidence against the null, implying trend stationarity. The t-statistic is 0.0622, and the p-value is 0.6960, meaning the null hypothesis cannot be rejected. At first difference d (FP), the null hypothesis of a unit root is strongly rejected across all configurations in both tests, with highly significant p-values (0.0000) and t-statistics exceeding critical thresholds. The series is not stationary. This confirms that the series FP becomes stationary after differencing, implying it is integrated of order 1 (I (1)). 
Table-6 Null hypothesis Tests
	Null Hypothesis: FP has a unit root

	Exogenous: Constant, Linear Trend
	

	Lag Length: 0 (Automatic - based on SIC, max lag=9)

	
	
	
	t-Statistic
	  Prob.*

	Augmented Dickey-Fuller test statistic
	-3.846438
	 0.0241

	Test critical values:
	1% level
	
	-4.205004
	

	
	5% level
	
	-3.526609
	

	
	10% level
	
	-3.194611
	

	*MacKinnon (1996) one-sided p-values.
	


Source: Compiled and Computed by the Author
The table-6 explains the Augmented Dickey-Fuller (ADF) test is conducted to check for the presence of a unit root in the fish production (FP) data, which would indicate whether the series is non-stationary. The null hypothesis (H₀) assumes that FP has a unit root, meaning the data follows a stochastic trend and is non-stationary, while the alternative hypothesis (H₁) suggests that the series is stationary. So the Augmented Dickey-Fuller (ADF) test was conducted to assess the stationarity of the fish production (FP) time series, with the null hypothesis (H₀) assuming the presence of a unit root, indicating a non-stationary process, while the alternative hypothesis (H₁) suggests stationarity. The test was performed with an exogenous constant and linear trend, ensuring that both deterministic and stochastic components were considered in the model. The computed ADF test statistic of -3.846438 is compared against the MacKinnon critical values, which stand at -4.205004 for the 1% level, -3.526609 for the 5% level, and -3.194611 for the 10% level. Given that the test statistic surpasses the 5% critical threshold (-3.526609) but not the 1% level (-4.205004), we can reject the null hypothesis at the 5% significance level, implying that the FP time series does not follow a pure random walk and exhibits characteristics of stationarity at this level. Additionally, the p-value of 0.0241, which is below the 5% significance threshold, further strengthens the rejection of the null hypothesis, confirming that the FP series is not integrated of order one, I(1), but rather stationary at this level of confidence.
ARIMA Model
The ARIMA (Auto Regressive Integrated Moving Average) model is commonly applied in fish production forecasting to analyze historical data and predict future trends. This model is applied in objective 1. By incorporating past production levels and adjusting for seasonality and trends, ARIMA helps fisheries managers and policymakers anticipate changes in fish output. The model’s components Auto regression (AR), differencing for stationarity (I), and moving averages (MA) enable it to handle complex time series data effectively. For instance, using annual or monthly fish production data, ARIMA can forecast production volumes, supporting decisions related to resource management, supply chain planning, and market strategies.
Table-7 Augmented Dickey-Fuller Test Equations
	Augmented Dickey-Fuller Test Equation
	

	Dependent Variable: D(Fish Production)
	

	Method: Least Squares
	
	

	Sample (adjusted): 1988 2027
	

	Included observations: 40 after adjustments

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.

	Fish Production (-1)
	-0.515785
	0.134094
	-3.846438
	0.0005

	C
	453.3204
	1005.133
	0.451005
	0.6546

	TREND("1986")
	245.1000
	70.29984
	3.486494
	0.0013

	R-squared
	0.290464
	    Mean dependent var
	250.4595

	Adjusted R-squared
	0.252110
	    S.D. dependent var
	3416.550

	S.E. of regression
	2954.654
	    Akaike info criterion
	18.89219

	Sum squared resid
	3.23E+08
	    Schwarz criterion
	19.01885

	Log likelihood
	-374.8438
	    Hannan-Quinn criter.
	18.93799

	F-statistic
	7.573367
	    Durbin-Watson stat
	2.228208

	Prob(F-statistic)
	0.001750
	
	
	


        Source: Compiled and Computed by the Author
The Augmented Dickey-Fuller (ADF) test equation was estimated using the least squares method to examine the stationarity of fish production (FP) over time. The dependent variable is D (FP), representing the first difference of fish production, while the lagged level of FP (Fish Production (-1)) serves as the key explanatory variable for detecting a unit root. The coefficient of Fish production (-1) is -0.515785, with a standard error of 0.134094 and a t-statistic of -3.846438, which is statistically significant at the 1% level (p = 0.0005). This strong negative coefficient confirms that FP is stationary in its first difference, leading to the rejection of the null hypothesis of a unit root. The inclusion of a constant term (C) and a time trend (TREND("1986")) further refines the model, where the trend coefficient is 245.1000 and highly significant (p = 0.0013), indicating a long-term increasing trend in fish production. The R-squared value (0.290464) and adjusted R-squared (0.252110) suggest that the model explains about 25% of the variation in first-differenced FP, which is moderate for time-series data. The Durbin-Watson statistic (2.228208) falls near 2, indicating no severe autocorrelation issues. Additionally, the F-statistic of 7.573367 (p = 0.001750) confirms the overall significance of the regression.
The information criteria (Akaike: 18.89219, Schwarz: 19.01885, and Hannan-Quinn: 18.93799) suggest model efficiency, though potential model refinements could improve predictive power. In economic terms, these findings imply that fish production exhibits trend stationarity, meaning that while shocks may temporarily disrupt production levels, the series tends to return to its long-term growth path. This result has important implications for policymakers, suggesting that fisheries production policies should account for short-term fluctuations while focusing on long-term sustainability strategies.






Figure 5 Akaike Information Criteria
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Source: Computed by Author using E-views
The figure 5 elaborates about the Akaike Information Criteria (AIC) comparing the goodness of fit for various ARMA models, with lower AIC values indicating better model performance. The x-axis lists different ARMA model configurations, while the y-axis represents the AIC values. Most models exhibit similar AIC scores, clustering around 19.2 to 19.3, suggesting comparable performance. However, the ARMA (2, 2) (zero, 0) model (on the far right) has a significantly higher AIC value, around 19.7, indicating a poor fit compared to the other models. This analysis shows that simpler models, such as ARMA(0,1)(0,0) or ARMA(1,0)(0,0), perform well in terms of AIC and could be preferable for forecasting due to their lower complexity and better fit. Models with higher AIC values, such as ARMA (2, 2) (0, 0), should be avoided as they are less efficient in capturing the underlying data patterns. The AIC graph aids in identifying the optimal balance between model complexity and accuracy for forecasting.





Figure -6 Forecast comparisons Graph of ARMA
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Source: Computed by Author using E-views
The provided forecast comparison figure-6 illustrates different ARMA (Auto-Regressive Moving Average) models. Each line represents a specific ARMA model with varying orders for autoregressive (AR) and moving average (MA) terms, as shown in the legend. The x-axis represents the years from 2023 to 2027, while the y-axis shows the forecasted values. The models generally exhibit similar trends, with most forecasts converging within a close range between 18,000 and 19,500 after 2024. However, notable deviations are visible, such as the ARMA (2, 2) (0, 0) model (in yellow), which shows significant variability and diverges sharply from other models, indicating instability or poor fit. On the other hand, simpler models like ARMA (0, 0) (0, 0) (in red) show a steady linear 
The figure-6 shows the forecasted values for different ARMA models for the years 2023–2027. So Comparison of Models: ARMA (0, 1) (0, 0) (purple line) is the selected model, showing consistent, gradual growth in the forecast, aligning with its simple structure. Other models, such as ARMA(1,2)(0,0) and ARMA(2,1)(0,0) (blue and green lines), predict similar trends but with slight variations, reflecting minor differences in model dynamics. ARMA (2, 2) (0, 0) (yellow line) exhibits a noticeable deviation with significant volatility, likely over fitting the data. ARMA (0, 0) (0, 0) (red line) is a flat line, suggesting a naive forecast with no dynamics. Most models predict moderate growth in the forecasted values, with slight differences in slopes. Some models, like ARMA (2, 2) (0, 0), display exaggerated volatility, indicating potential instability or less reliability.
The purple line (ARMA (0, 1) (0, 0)) represents a reasonable forecast with gradual, steady growth, making it suitable for stable projections without capturing extreme fluctuations. This comparison demonstrates that while different ARMA models can yield varied forecasts, the selected ARMA (0, 1) (0, 0) model provides a balanced and stable forecast, consistent with the observed data dynamics. The choice of ARMA model significantly influences the forecast, with ARMA(2,2)(0,0) and ARMA(0,0)(0,0) providing outlier predictions. For practical applications, models with stable and moderate predictions, such as ARMA(1,1)(0,0) or ARMA(1,0)(0,0), may be preferred unless volatility or extremes are critical to capture. This comparison emphasizes the importance of model selection in forecasting, as different specifications yield varying results.
Table 8: Model Selection Criteria
	Dependent Variable: D(Fish Production)
	

	Sample: 1986 2022
	
	

	Included observations: 36
	
	

	Model
	LogL
	AIC*
	BIC
	HQ

	(0,1)(0,0)
	-342.871979
	 19.215110
	 19.347070
	 19.261167

	(1,0)(0,0)
	-342.980992
	 19.221166
	 19.353126
	 19.267224

	(2,2)(0,0)
	-340.780129
	 19.265563
	 19.529483
	 19.357678

	(2,0)(0,0)
	-342.852777
	 19.269599
	 19.445545
	 19.331009

	(1,1)(0,0)
	-342.861730
	 19.270096
	 19.446043
	 19.331506

	(0,2)(0,0)
	-342.868107
	 19.270450
	 19.446397
	 19.331860

	(2,1)(0,0)
	-341.901485
	 19.272305
	 19.492238
	 19.349067

	(0,0)(0,0)
	-345.305058
	 19.294725
	 19.382699
	 19.325430

	(1,2)(0,0)
	-342.857499
	 19.325417
	 19.545350
	 19.402179


Source: Compiled and Computed by the Author
The Table 8 shows the Model Selection Criteria that evaluates various ARMA models for the dependent variable D (FP) over the sample period 1986 to 2022. The table compares model performance using Log-Likelihood (LogL), Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and Hannan-Quinn Criterion (HQ). Among the evaluated models, the (0, 1) (0, 0) specification exhibits the lowest AIC value (19.215), indicating it as the best-fitting model for the data. Its BIC (19.347) and HQ (19.261) values also support its selection as the optimal model.
The (1, 0) (0, 0) model is a close alternative, with slightly higher AIC (19.221), BIC (19.353), and HQ (19.267) values, suggesting it fits the data less well than the selected model. Other models, such as (2,2)(0,0) and (2,1)(0,0), display higher AIC and BIC values, reflecting reduced suitability. The (0, 0) (0, 0) model performs the worst across all criteria, with the highest AIC (19.294), confirming it as the least appropriate choice. In addition, the Model Selection Criteria Table assesses the performance of various ARMA models for the dependent variable D (FP) over the sample period from 1986 to 2022. It evaluates models using metrics such as Log-Likelihood (LogL), Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and Hannan-Quinn Criterion (HQ). Among the models analyzed, the (0, 1) (0, 0) specification stands out as the best-fitting model, with the lowest AIC value of 19.215. Its BIC (19.347) and HQ (19.261) values further reinforce its selection as the optimal model.
In conclusion, the (0,1)(0,0) model balances simplicity and accuracy, making it the most effective option for forecasting D(FP) among the models tested. the (1,0)(0,0) model emerges as a close alternative, but its slightly higher AIC (19.221), BIC (19.353), and HQ (19.267) values indicate a marginally poorer fit compared to the (0,1)(0,0) model. Models such as (2,2)(0,0) and (2,1)(0,0) have even higher AIC and BIC values, making them less suitable. The (0, 0) (0, 0) model performs the worst across all criteria, with the highest AIC value of 19.294, confirming it as the least effective choice. In summary, the (0, 1) (0, 0) model strikes the best balance between simplicity and accuracy, making it the most suitable option for forecasting D (FP) among the evaluated models.

Table-9 Automatic ARIMA Forecasting
	Dependent variable: D(Fish Production)

	Sample: 1986 -2022

	Included observations: 36

	Forecast length: 5

	
	

	Number of estimated ARMA models: 9

	Number of non-converged estimations: 0

	Selected ARMA model: (0,1)(0,0)

	AIC value: 19.2151099181


Source: Compiled and Computed by the Author
Table 9 shows ARIMA forecasting results indicate that the dependent variable D (Fish Production) (the differenced form of D (Fish Production) was modeled using an ARIMA process. The analysis was based on a sample of 36 observations (1986–2022), and the forecast length is 5 periods. After evaluating 9 ARMA models, the best-fitting model was identified as an ARIMA(0,1,0), which corresponds to a random walk model, as it includes no autoregressive (AR) or moving average (MA) terms but uses differencing (d=1). The Akaike Information Criterion (AIC) value for the selected model is 19.2151, indicating its relative goodness of fit compared to the other estimated models. Importantly, there were no issues with non-convergence during the estimation process.
Figure 7 Actual and Forecasting of Fish production (in MT) in Chilika Lake [image: A graph with red and blue lines]
Source: Computed by Author using E-views
In the figure 7, the red line represents the actual observed values of D (Fish Production) over the sample period. It exhibits significant variability, with a sharp spike around observation 17, followed by a decline and subsequent fluctuations. The blue line represents the forecasted values of D (Fish Production) for the 5 future periods (observations 23 to 27). The forecast remains relatively stable, showing a gradual increase without significant variation. Therefore, the red line represents the actual values of D (Fish Production) over the sample period. It shows a significant spike around period 17, followed by fluctuations and a noticeable decline before stabilizing toward the end of the observed period (around period 22).So the blue line begins after the actual data ends, starting t period 23, representing the forecasted values for the next 5 periods.
The forecast appears relatively flat and stable, indicating the ARIMA (0, 1, 0) model assumes no strong upward or downward trend, consistent with a random walk with drift. The forecasted values appear to follow a simple trend, consistent with the ARIMA (0, 1, 0) model (a random walk model with differencing). This suggests that the future values are based primarily on the last observed value, with minimal dependence on past patterns. The actual values show more volatility, indicating that the chosen model may not fully capture the dynamics of the series. The forecasted values appear to follow a simple trend, consistent with the ARIMA (0, 1, 0) model (a random walk model with differencing). This suggests that the future values are based primarily on the last observed value, with minimal dependence on past patterns. The actual values show more volatility, indicating that the chosen model may not fully capture the dynamics of the series. The actual data exhibits variability and sudden changes, such as the spike around period 17 and the dip toward period 22. In contrast, the forecasted data smoothens this behavior, suggesting the model does not capture sharp fluctuations but provides a more stable prediction. This stability in the forecast is typical of a simple ARIMA (0, 1, 0) model, which prioritizes capturing the long-term trend in the differenced series rather than short-term variability. The ARIMA (0, 1, 0) model work well for predicting overall trends in the data but may lack the ability to account for sharp spikes or irregular fluctuations observed in the actual data. 
Table-10: ARMA Maximum Likelihood
	Dependent Variable: D(Fish Production)
	

	Method: ARMA Maximum Likelihood (BFGS)
	

	Sample: 1987 2022
	
	

	Included observations: 36
	
	

	Convergence achieved after 4 iterations
	

	Coefficient covariance computed using outer product of gradients

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	257.7777
	584.4746
	0.441042
	0.6621

	MA(1)
	-0.38262
	0.153543
	-2.491953
	0.0179

	SIGMASQ
	10920685
	2193923.
	4.977698
	0.0000

	R-squared
	0.130266
	  Mean dependent var
	298.8889

	Adjusted R-squared
	0.077555
	    S.D. dependent var
	3593.759

	S.E. of regression
	3451.590
	    Akaike info criterion
	19.21511

	Sum squared resid
	3.9308
	    Schwarz criterion
	19.3470

	Log likelihood
	-342.8720
	    Hannan-Quinn criter.
	19.26117

	F-statistic
	2.471321
	    Durbin-Watson stat
	1.975076

	Prob(F-statistic)
	0.099971
	
	
	

	Inverted MA Roots
	      .38
	
	


 Source: Compiled and Computed by the Author
Table-10 summarizes the results of an ARMA model applied to the differenced variable D (FP) using the Maximum Likelihood (BFGS) method. The model has a positive coefficient of 257.78, but with a high p-value of 0.6621, indicating it is statistically insignificant and does not meaningfully impact D (FP). The MA (1) term, with a coefficient of -0.3826 and a p-value of 0.0179, is statistically significant, showing that past residuals negatively influence the current differenced values. The variance of the residuals (SIGMASQ), estimated at 10,920,685, is highly significant (p-value = 0.0000), confirming that the model effectively captures the variability in the data. This model provides insight into the short-term dependencies and variance structure in the fish production data. The model's performance indicated by an R² value of 0.1303 and an Adjusted R² of 0.0776, shows that it explains only about 13% of the variation in the dependent variable D (FP), highlighting a relatively poor fit and significant scope for improvement. The Standard Error of Regression (S.E.) of 3451.590 reflects the average deviation between the predicted and actual values in the differenced series, further emphasizing the model's limited predictive accuracy. These metrics suggest that additional variables or a different model specification may be necessary to enhance the explanatory power and forecasting reliability for fish production trends.
The f value in table 10 (F=2.471321, p=0.099971) suggests that the overall model fit is marginally significant at the 10% level. The inverted MA root of 0.38 lies within the unit circle, confirming the stability of the model. The ARMA model for the dependent variable D (FP) was estimated using the Maximum Likelihood (BFGS) method over a sample period from 1987 to 2022, with 36 included observations. The model achieved convergence after four iterations, and the covariance of the coefficients was computed using the outer product of gradients. The constant term (C) has a coefficient of 257.7777 but is statistically insignificant (p-value = 0.6621), indicating it does not significantly contribute to the model. The moving average term (MA (1)) has a coefficient of -0.3826 and is statistically significant (p-value = 0.0179), suggesting a meaningful negative relationship between the differenced series and past errors. The variance of the residuals (SIGMASQ) is estimated at 10,920,685 and is highly significant (p-value = 0.0000).
Model fit statistics indicate modest explanatory power, with an R2 of 0.13 and an adjusted R square of 0.08, showing that the model explains approximately 13% of the variation in D (FP). The standard error of the regression (S.E.) is 3451.590, reflecting the average deviation of predicted values from observed ones. The information criteria values (AIC: 19.21511, Schwarz: 19.34707, Hannan-Quinn: 19.26117) are useful for comparing this model to alternative specifications, with lower values preferred. The Durbin-Watson statistic of 1.975 suggests no significant autocorrelation in the residuals.
Although the overall model fit, as indicated by the F-statistic (2.4713) and its p-value (0.09997), is only marginally significant, the inverted MA root (0.38) confirms the model's stability. These results suggest that while the MA (1) term contributes meaningfully to capturing the dynamics of D(FP), the model's overall explanatory power is limited, necessitating further refinements or alternative approaches for better predictions.
The ARMA model captures some dynamics of D (FP) with the MA (1) term being statistically significant and the residuals showing no evidence of autocorrelation. However, the low R2 suggests the model's explanatory power is limited, and further refinement or exploration of alternative specifications might improve the fit.
CONCLUSION
The analysis of the fish economy of Odisha and Chilika Lake highlights the growing importance of fisheries as a major contributor to income generation, employment, and nutritional security. Odisha has recorded steady growth in total fish production over the last two decades, driven primarily by inland fisheries, while marine fisheries have grown at a relatively slower pace. In Chilika Lake, fish production remains the dominant component of total output, although shrimp production has shown high variability and increasing economic significance. The econometric results confirm that fish production is non-stationary at levels but becomes stationary after first differencing, justifying the use of ARIMA models for forecasting. The selected ARIMA (0,1,0) model indicates a stable long-term trend in fish production, though short-term fluctuations persist due to ecological, regulatory, and market factors. Overall, the study emphasizes the need for sustainable resource management, effective regulation of aquaculture practices, and policy support to balance economic growth with ecological conservation in Chilika Lake and Odisha’s fisheries sector.
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Shrimp  Production in Chilika Lake
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