Evaluation of Trend Dynamics of Lentil Crop in India using Statistical Models



ABSTRACT
This paper examines the trend patterns in area, production, and yield of lentil in India. The analysis is based on secondary time series data spanning the period from 2001-2023. Trend values have been determined by applying well-known statistical models, namely the linear model, exponential model, quadratic model, and cubic model. Furthermore, the accuracy of these fitted models has been evaluated using statistical measures such as the coefficient of determination (, root mean square error (RMSE), and relative mean absolute percentage error (RMAPE). The findings of the study reveal that the applied models effectively represented the trend in the area, production, and yield of lentil. Furthermore, the cubic model exhibited higher accuracy compared to the other fitted models, making it a suitable choice for forecasting the future scenario of lentil in India. These results offer valuable insights for policymakers in formulating strategies to enhance lentil production, thereby contributing to global food security and nutritional sustainability.
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1. INTRODUCTION
Lentil (Lens culinaris L.), natively known as Masur in India, is an important cool-season legume crop belonging to the Fabaceae family. Lentil are highly valued for their nutritional composition, being an excellent source of plant-based protein, dietary fiber, essential minerals, and bioactive compounds. The crop is well-adapted to diverse agro-climatic conditions, particularly in semi-arid and temperate regions, making it a resilient choice for sustainable agriculture. In addition to its dietary significance, lentil cultivation contributes to soil fertility through biological nitrogen fixation, enhancing its role in agroecosystem sustainability. India is the second-largest producer of lentil in the world followed by Canada (MoAFW, 2024). The major lentil-growing states in India are Uttar Pradesh, Madhya Pradesh, West Bengal, Bihar, and Jharkhand. During the year 2023-24, India reported production of 1.79 million tons of lentil across 1.74 million hectares of area, achieving a yield of 1.03 tons per hectare (DES, 2024).
Several research works have been carried out by various scientists and researchers to investigate the lentil and other pulses scenario in different geographical regions. As an illustration, Sharma et al. (2013) analyzed the growth and trend of pulse production in India using time series data on area, production, yield, and trade pertaining to the period 1980-81 to 2008-09. Sharma et al. (2014) investigated a detailed overview of various regions of Uttar Pradesh for the assessment of growth rates and instability of pulse crops for two different periods viz., before and after the launch of technological missions on pulse production in the country. The selected pulse crops were arhar, pea, gram, and lentil. Borkar and Bodade (2017) studied the application of the ARIMA model for forecasting pulse productivity in India. Esther and Magdaline (2017) carried out the ARIMA modeling to forecast pulse production in Kenya. Bairwa et al. (2020) investigated the growth and relative contribution of the area and yield in the production of green gram, black gram chickpea, pigeon pea, and lentil pulse crops in India. Biam et al. (2022) analyzed trend and decomposition analysis of pulses production in North-East India across four periods viz., Phase I (1978-79 to 1991-92); Phase II (1992-93 to 2005-06), Phase III (2006-07 to 2019-20) and Pool (1978- 79 to 2019-2020). Garde et al. (2022) analyzed the assessment of export instability and forecasting of export of total pulses in India. Kumar et al. (2022) analyzed the growth, instability, and decomposition of lentil production in India using time series data for the period of 47 years (1970-71 to 2017-18). Vishwajith et al. (2023) applied the autoregressive integrated moving average (ARIMA) and Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model approach to investigate the trend in lentil area, production, and productivity in Bihar, Madhya Pradesh, Uttar Pradesh, West Bengal, and India. Balai et al. (2024) investigated the growth, decomposition and instability in area, production and productivity of rabi pulse crops viz., gram and lentil in Madhya Pradesh. Kumar et al. (2024) conducted a comparative analysis of instability and growth rate in area, production, and yield of major pulses in India using secondary time series data pertaining to the period 2000-2021. Singh and Kumar (2025) analyzed trend patterns in area, production, and yield of pigeon pea in India using statistical models. Some other noteworthy contributions to time series analysis of crops, other than pulses, have been made by Kumar and Menon (2022), Rana and Kumar (2022), Kumar et al. (2025), and Prakash et al. (2025).
The aim of this paper is to examine the trend patterns in the area, production, and yield of lentil in India. The analysis is conducted by applying well-known statistical models (i.e., linear, exponential, quadratic, and cubic models) to the time series data on lentil from the period 2001-2023, and estimating the trend values. The accuracy of the fitted models is assessed using the coefficient of determination (), root mean square error (RMSE), and relative mean absolute percentage error (RMAPE).

2. MATERIALS AND METHODS
In this paper, secondary time series data on lentil from the period 2001-2023 is used to analyze the trend patterns in area, production, and yield of lentil in India. The time series data has been collected from the records of the Directorate of Economics & Statistics, DAC&FW, Govt. of India.
To analyze the trend patterns in area, production, and yield of lentil, the trend values are determined by fitting linear, exponential, quadratic, and cubic models to the time series data as follows:
(a) Linear Model: 
                                                                     … (1)
where  denotes the observed time series value of area, production, or yield (as the case may be) of lentil at time .
The values of constants ‘’ and ‘’ are obtained by using the principle of least squares on solving the following normal equations:
                                                                                              … (2)
                                                       … (3)
where ‘’ represents the number of observed values. 


(b) Exponential Model: 
                                                                       … (4)
Taking natural log on both sides of above equation, we have
=  a + bt  e
i.e.,                                                                 … (5)
where ,  , and  
The normal equations for estimating the values of ‘’ and ‘’ are as follows:
                                                          ... (6)
                                                     ... (7)
Finally, the value of ‘’ is obtained on using

(c) Quadratic Model:
                                                     ... (8)
The values of constants ‘’, ‘’, and ‘’ are obtained on using the principles of least squares as follows:
                                            ... (9)
                                        … (10)
                                       … (11)
(d) Cubic Model:
3                                             … (12)
The values of constants ‘’, ‘’,‘’ and ‘’ are obtained on solving the following normal equations.
                                 ... (13)
                                ... (14)
                              ... (15)
                               ... (16)
The accuracy of the fitted models has been assessed using various statistical measures, such as the coefficient of determination (, root mean square error (RMSE), and relative mean absolute percentage error (RMAPE), using the following formulas:


and

where denotes the mean value of variable , i.e., area, production, or yield (as the case may be) of lentil. Also,  represents the trend value of variable , which is evaluated by fitting the concerned models (i.e., linear model, exponential model, quadratic model, or cubic model) to the variable . 

3. RESULTS AND DISCUSSION
The secondary time series data on the area, production, and yield of lentil in India is shown in Table 1. The trend values are computed by fitting linear, exponential, quadratic, and cubic models to the data on area, production, and yield, and the results are presented in Tables 2, 3, and 4, respectively. Furthermore, the equations of the fitted models for area, production, and yield of lentil are provided in Table 5.

Table 1. Time series data on area, production, and yield of lentil in India
	Year
	Area
	Production
	Yield

	
	(in Million Hectares)
	(in Million Tons)
	(in Tons/Hectare)

	2000
	1.48
	0.92
	0.62

	2001
	1.47
	0.97
	0.66

	2002
	1.38
	0.87
	0.63

	2003
	1.4
	1.04
	0.74

	2004
	1.47
	0.99
	0.67

	2005
	1.51
	0.95
	0.63

	2006
	1.47
	0.91
	0.62

	2007
	1.31
	0.81
	0.62

	2008
	1.38
	0.95
	0.69

	2009
	1.48
	1.03
	0.7

	2010
	1.6
	0.94
	0.59

	2011
	1.56
	1.06
	0.68

	2012
	1.42
	1.13
	0.8

	2013
	1.34
	1.02
	0.76

	2014
	1.47
	1.04
	0.71

	2015
	1.28
	0.98
	0.77

	2016
	1.46
	1.22
	0.84

	2017
	1.55
	1.62
	1.05

	2018
	1.36
	1.23
	0.9

	2019
	1.3
	1.1
	0.85

	2020
	1.47
	1.49
	1.01

	2021
	1.41
	1.27
	0.90

	2022
	1.64
	1.56
	0.95

	2023
	1.74
	1.79
	1.03


(Source: Directorate of Economics & Statistics, DAC&FW, Govt. of India)






Table 2. Trends values for area of lentil
	Year (
	
	Trend Values

	
	
	Linear 
Model (
	Exponential 
Model (
	Quadratic 
Model 
	Cubic 
Model 

	2001
	1.47
	1.41
	1.41
	1.47
	1.39

	2002
	1.38
	1.42
	1.42
	1.46
	1.42

	2003
	1.40
	1.42
	1.42
	1.45
	1.45

	2004
	1.47
	1.42
	1.42
	1.44
	1.47

	2005
	1.51
	1.43
	1.43
	1.43
	1.48

	2006
	1.47
	1.43
	1.43
	1.42
	1.48

	2007
	1.31
	1.44
	1.43
	1.42
	1.48

	2008
	1.38
	1.44
	1.44
	1.42
	1.47

	2009
	1.48
	1.44
	1.44
	1.41
	1.46

	2010
	1.60
	1.45
	1.44
	1.41
	1.44

	2011
	1.56
	1.45
	1.45
	1.41
	1.43

	2012
	1.42
	1.46
	1.45
	1.42
	1.42

	2013
	1.34
	1.46
	1.45
	1.42
	1.41

	2014
	1.47
	1.46
	1.46
	1.43
	1.40

	2015
	1.28
	1.47
	1.46
	1.44
	1.39

	2016
	1.46
	1.47
	1.47
	1.45
	1.39

	2017
	1.55
	1.47
	1.47
	1.46
	1.40

	2018
	1.36
	1.48
	1.47
	1.47
	1.41

	2019
	1.30
	1.48
	1.48
	1.48
	1.44

	2020
	1.47
	1.49
	1.48
	1.50
	1.47

	2021
	1.41
	1.49
	1.48
	1.52
	1.52

	2022
	1.64
	1.49
	1.49
	1.54
	1.57

	2023
	1.74
	1.50
	1.49
	1.56
	1.64



















Table 3. Trends values for production of lentil
	Year (
	
	Trend Values

	
	
	Linear 
Model (
	Exponential 
Model (
	Quadratic 
Model 
	Cubic 
Model 

	2001
	0.97
	0.80
	0.84
	0.98
	0.95

	2002
	0.87
	0.83
	0.86
	0.96
	0.94

	2003
	1.04
	0.86
	0.88
	0.95
	0.94

	2004
	0.99
	0.89
	0.91
	0.94
	0.94

	2005
	0.95
	0.92
	0.93
	0.93
	0.94

	2006
	0.91
	0.95
	0.95
	0.93
	0.95

	2007
	0.81
	0.98
	0.98
	0.94
	0.95

	2008
	0.95
	1.01
	1.00
	0.95
	0.96

	2009
	1.03
	1.04
	1.03
	0.96
	0.97

	2010
	0.94
	1.07
	1.05
	0.98
	0.99

	2011
	1.06
	1.10
	1.08
	1.00
	1.01

	2012
	1.13
	1.13
	1.10
	1.03
	1.03

	2013
	1.02
	1.16
	1.13
	1.06
	1.06

	2014
	1.04
	1.19
	1.16
	1.10
	1.09

	2015
	0.98
	1.22
	1.19
	1.14
	1.13

	2016
	1.22
	1.25
	1.22
	1.18
	1.17

	2017
	1.62
	1.28
	1.25
	1.23
	1.22

	2018
	1.23
	1.31
	1.28
	1.29
	1.28

	2019
	1.10
	1.34
	1.31
	1.35
	1.34

	2020
	1.49
	1.37
	1.35
	1.41
	1.41

	2021
	1.27
	1.40
	1.38
	1.48
	1.49

	2022
	1.56
	1.43
	1.41
	1.56
	1.57

	2023
	1.79
	1.46
	1.45
	1.63
	1.67



















Table 4. Trends values for yield of lentil
	Year (
	
	Trend Values

	
	
	Linear 
Model (
	Exponential 
Model (
	Quadratic 
Model 
	Cubic 
Model 

	2001
	0.66
	0.58
	0.60
	0.66
	0.70

	2002
	0.63
	0.60
	0.61
	0.65
	0.67

	2003
	0.74
	0.61
	0.62
	0.65
	0.65

	2004
	0.67
	0.63
	0.64
	0.65
	0.64

	2005
	0.63
	0.65
	0.65
	0.66
	0.63

	2006
	0.62
	0.67
	0.67
	0.66
	0.64

	2007
	0.62
	0.68
	0.68
	0.67
	0.64

	2008
	0.69
	0.70
	0.70
	0.68
	0.65

	2009
	0.70
	0.72
	0.71
	0.69
	0.67

	2010
	0.59
	0.74
	0.73
	0.70
	0.69

	2011
	0.68
	0.76
	0.74
	0.71
	0.71

	2012
	0.80
	0.77
	0.76
	0.73
	0.73

	2013
	0.76
	0.79
	0.78
	0.75
	0.76

	2014
	0.71
	0.81
	0.80
	0.77
	0.78

	2015
	0.77
	0.83
	0.81
	0.79
	0.81

	2016
	0.84
	0.84
	0.83
	0.82
	0.84

	2017
	1.05
	0.86
	0.85
	0.84
	0.87

	2018
	0.90
	0.88
	0.87
	0.87
	0.90

	2019
	0.85
	0.90
	0.89
	0.90
	0.92

	2020
	1.01
	0.91
	0.91
	0.94
	0.95

	2021
	0.90
	0.93
	0.93
	0.97
	0.97

	2022
	0.95
	0.95
	0.95
	1.01
	0.99

	2023
	1.03
	0.97
	0.97
	1.05
	1.01




In Tables 2, 3, and 4, the term ‘’ denotes the observed value of area (in million hectares), production (in million tons), and yield (in tons/hectare) of lentil for the year ‘’ . Furthermore, ‘’ denotes the linear trend value of area, production, and yield of lentil for the year ‘’. Similarly, ‘’ denotes the exponential trend value, ‘’ denotes the quadratic trend value, and ‘’ denotes the cubic trend value.
The relative influence of the trend values on the observed values of area, production, and yield of lentil are graphically shown in Figs. 1 to 12. 
















Table 5. Models equations for area, production, and yield of lentil in India
	
	Linear Model
	Exponential Model
	Quadratic Model
	Cubic Model

	Area
	
	
	
	

	Production
	
	
	
	

	Yield
	
	
	
	


(Note:  )






	
	
	

	Fig. 1 Linear trend values for area of lentil
	Fig. 2 Linear trend values for production of lentil
	Fig. 3 Linear trend values for yield of lentil

	
	
	

	Fig. 4 Exponential trend values for area of lentil
	Fig. 5 Exponential trend values for production of lentil
	Fig. 6 Exponential trend values for yield of lentil



	
	
	

	Fig. 7 Quadratic trend values for area of lentil
	Fig. 8 Quadratic trend values for production of lentil
	Fig. 9 Quadratic trend values for yield of lentil

	
	
	

	Fig. 10 Cubic trend values for area of lentil
	Fig. 11 Cubic trend values for production of lentil
	Fig. 12 Cubic trend values for yield of lentil



[bookmark: _Hlk138502433]The values of ,  RMSE, and RMAPE for the concerned fitted models on area, production, and yield of lentil are evaluated and the results are summarized in Table 6.

Table 6. Model evaluation for area, production, and yield of lentil in India
	
	Model
	
	RMSE
	RMAPE

	Area
	Linear
	0.056
	0.107
	5.932

	
	Exponential
	0.047
	0.107
	5.876

	
	Quadratic
	0.148
	0.101
	5.793

	
	Cubic
	0.333
	0.090
	5.170

	Production
	Linear
	0.614
	0.157
	10.919

	
	Exponential
	0.644
	0.150
	9.713

	
	Quadratic
	0.741
	0.128
	7.922

	
	Cubic
	0.744
	0.127
	7.862

	Yield

	Linear
	0.710
	0.075
	7.862

	
	Exponential
	0.716
	0.072
	7.177

	
	Quadratic
	0.784
	0.065
	6.186

	
	Cubic
	0.807
	0.061
	6.084



The results from Table 6 are summarized as follows:
(i) The values of  for the fitted models are greater than  for the production and yield of lentil, whereas for the area  for the fitted model.
(ii) Compared to the other models, the cubic model reported the highest  in area, production, and yield of lentils.
(iii)  The cubic model reported the least RMSE in area, production, and yield of lentil, as compared to the other models.
(iv)  The cubic model exhibited the least RMAPE in area, production, and yield of lentil, as compared to the other models.
Therefore, considering the points mentioned above, it can be concluded that the fitted models are suitable for analyzing the trend patterns in the area, production, and yield of lentil in India. Furthermore, the cubic model appears to be more accurate compared to the other models for examining the trend pattern scenario in lentil.

4. CONCLUSION
This paper analyzes the trend patterns in the area, production, and yield of lentil in India using time series data from 2001-2023. The trend values have been determined by fitting linear, exponential, quadratic, and cubic models to the relevant time series data on lentil. Furthermore, the accuracy of the fitted models has been evaluated using the coefficient of determination (), root mean square error (RMSE), and relative mean absolute percentage error (RMAPE).
The results of the analysis demonstrate that the fitted models are suitable for estimating the trend in area, production, and yield of lentil. Furthermore, based on the values of  , RMSE, and RMAPE, it can be concluded that the cubic model is more accurate than the other fitted models for forecasting the future scenario of lentil in India.
The findings of the study offer important insights for policy formulation focused on improving lentil production to address global food demand and ensure nutritional security. To enhance lentil production, farmers with potential could be encouraged to take up its cultivation.
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Area (in millions hectares) 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1.47	1.38	1.4	1.47	1.51	1.47	1.31	1.38	1.48	1.6	1.56	1.42	1.34	1.47	1.28	1.46	1.55	1.36	1.3	1.47	1.41	1.64	1.74	Exponential Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1.4133896131087269	1.4167858220006779	1.420190191582881	1.423602741464514	1.427023491301874	1.4304524607984892	1.4338896697052337	1.43733513782044	1.4407888849900141	1.4442509311075491	1.4477212961144406	1.4512	1.4546870628015718	1.4581825046046475	1.4616863455429814	1.4651986057987063	1.4687193056024521	1.4722484652334586	1.4757861050196956	1.4793322453379776	1.4828869066140828	1.4864501093228699	1.4900218739883966	



Production (in million tons)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.97	0.87	1.04	0.99	0.95	0.91	0.81	0.95	1.03	0.94	1.06	1.1299999999999999	1.02	1.04	0.98	1.22	1.62	1.23	1.1000000000000001	1.49	1.27	1.56	1.79	Exponential Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.84179671793815158	0.86284801007475853	0.88442574391775053	0.90654308449606857	0.92921352606406438	0.95245090033462843	0.97626938491820914	1.0006835119728701	1.0257081770706669	1.0513586482857467	1.0776505755097223	1.1046	1.1322233641668873	1.1605375216054534	1.1895597473782618	1.219307748555249	1.2497996750171803	1.2810541305292722	1.3130901840917431	1.3459273815742083	1.3795857576410284	1.414085847974877	1.4494487018059938	



Yield (in tons per hectare)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.65986394557823125	0.63043478260869568	0.74285714285714288	0.67346938775510201	0.62913907284768211	0.61904761904761907	0.61832061068702293	0.68840579710144933	0.69594594594594594	0.58749999999999991	0.67948717948717952	0.79577464788732388	0.76119402985074625	0.70748299319727892	0.765625	0.83561643835616439	1.0451612903225806	0.90441176470588225	0.84615384615384615	1.0136054421768708	0.90070921985815611	0.95121951219512202	1.0287356321839081	Expenential Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.59553773593322767	0.60896741179808511	0.62269993361703246	0.63674213071885077	0.651100986437125	0.66578364158312897	0.6807973979970271	0.69614972217915694	0.71184824900319832	0.72790078551307824	0.7443153148054954	0.7611	0.77826318829859853	0.79581341513690695	0.81375940842891259	0.83211009290745896	0.85087459456260939	0.87006224518009978	0.88968258698213287	0.90974537737282879	0.93026059379068382	0.95123843867045743	0.97268934451695055	



Area (in millions hectares) 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1.47	1.38	1.4	1.47	1.51	1.47	1.31	1.38	1.48	1.6	1.56	1.42	1.34	1.47	1.28	1.46	1.55	1.36	1.3	1.47	1.41	1.64	1.74	Quadratic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1.4718	1.4589000000000001	1.4476	1.4379	1.4297999999999997	1.4232999999999998	1.4183999999999999	1.4150999999999998	1.4134	1.4133	1.4147999999999998	1.4178999999999999	1.4225999999999999	1.4289000000000001	1.4368000000000001	1.4462999999999999	1.4574	1.4701	1.4843999999999999	1.5002999999999997	1.5177999999999998	1.5368999999999999	1.5575999999999999	



Production (in million tons)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.97	0.87	1.04	0.99	0.95	0.91	0.81	0.95	1.03	0.94	1.06	1.1299999999999999	1.02	1.04	0.98	1.22	1.62	1.23	1.1000000000000001	1.49	1.27	1.56	1.79	Quadratic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.97989999999999999	0.96130000000000004	0.94730000000000003	0.93789999999999996	0.93310000000000004	0.93289999999999995	0.93730000000000002	0.94630000000000003	0.95989999999999998	0.97809999999999997	1.0008999999999999	1.0283	1.0603	1.0969	1.1380999999999999	1.1839	1.2343	1.2892999999999999	1.3489	1.4131	1.4819	1.5552999999999999	1.6333	



Yield (in tons per hectare)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.65986394557823125	0.63043478260869568	0.74285714285714288	0.67346938775510201	0.62913907284768211	0.61904761904761907	0.61832061068702293	0.68840579710144933	0.69594594594594594	0.58749999999999991	0.67948717948717952	0.79577464788732388	0.76119402985074625	0.70748299319727892	0.765625	0.83561643835616439	1.0451612903225806	0.90441176470588225	0.84615384615384615	1.0136054421768708	0.90070921985815611	0.95121951219512202	1.0287356321839081	Quadratic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.65690000000000004	0.65360000000000007	0.65229999999999999	0.65300000000000002	0.65570000000000006	0.6604000000000001	0.66710000000000003	0.67580000000000007	0.6865	0.69920000000000004	0.71389999999999998	0.73060000000000003	0.74930000000000008	0.77	0.79270000000000007	0.81740000000000002	0.84410000000000007	0.87280000000000002	0.90350000000000008	0.93620000000000014	0.97089999999999999	1.0076000000000001	1.0463	



Area (in millions hectares) 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1.47	1.38	1.4	1.47	1.51	1.47	1.31	1.38	1.48	1.6	1.56	1.42	1.34	1.47	1.28	1.46	1.55	1.36	1.3	1.47	1.41	1.64	1.74	Cubic Trend Values [Ct]	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1.3859999999999999	1.4229000000000001	1.4494	1.4666999999999999	1.4759999999999998	1.4784999999999999	1.4754	1.4679	1.4572000000000001	1.4444999999999999	1.4309999999999998	1.4178999999999999	1.4063999999999999	1.3977000000000002	1.393	1.3934999999999997	1.4003999999999999	1.4148999999999998	1.4381999999999999	1.4714999999999998	1.5159999999999998	1.5729	1.6434	



Production (in million tons)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.97	0.87	1.04	0.99	0.95	0.91	0.81	0.95	1.03	0.94	1.06	1.1299999999999999	1.02	1.04	0.98	1.22	1.62	1.23	1.1000000000000001	1.49	1.27	1.56	1.79	Cubic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.94734000000000007	0.94429999999999992	0.94225999999999999	0.94157999999999997	0.94262000000000001	0.94574000000000003	0.95130000000000003	0.95966000000000007	0.97118000000000004	0.98621999999999999	1.0051399999999999	1.0283	1.05606	1.0887800000000001	1.1268199999999999	1.1705399999999999	1.2203000000000002	1.2764599999999999	1.33938	1.4094200000000001	1.4869399999999999	1.5723	1.6658600000000001	



Yield (in tons per hectare)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.65986394557823125	0.63043478260869568	0.74285714285714288	0.67346938775510201	0.62913907284768211	0.61904761904761907	0.61832061068702293	0.68840579710144933	0.69594594594594594	0.58749999999999991	0.67948717948717952	0.79577464788732388	0.76119402985074625	0.70748299319727892	0.765625	0.83561643835616439	1.0451612903225806	0.90441176470588225	0.84615384615384615	1.0136054421768708	0.90070921985815611	0.95121951219512202	1.0287356321839081	Cubic Trend Values 	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	0.69528999999999996	0.66959999999999997	0.65131000000000006	0.63988000000000012	0.63477000000000006	0.63544000000000012	0.64134999999999998	0.65195999999999998	0.66673000000000004	0.68512000000000006	0.70659000000000005	0.73060000000000003	0.75661	0.78408	0.81247000000000003	0.8412400000000001	0.86985000000000012	0.89776	0.92443000000000008	0.94932000000000005	0.97189000000000014	0.99160000000000015	1.0079099999999999	



