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ABSTRACT
This study analyses changes in crop revenue and its key determinants in the Northern Hill agro-climatic zone of Madhya Pradesh from 2007–08 to 2016–17. The analysis is based on secondary data collected from official agricultural sources. The Logarithmic Mean Divisia Index (LMDI) method was used to separate the effects of area, yield, price, and cropping pattern on overall crop revenue. The results show that paddy, wheat, and gram are the major crops in the region. Among the different factors, yield and price effects were the main drivers of growth in crop revenue, while area and cropping pattern had a relatively smaller influence. At the crop level, paddy contributed most to area, yield, and price effects, whereas wheat played a major role in cropping pattern changes.The study suggests that improving productivity, ensuring better price support, and promoting crop diversification can help increase farm income and support sustainable agricultural growth.
Keywords: Area Effect, Yield Effect, Price Effect, Cropping Pattern Effect and crop revenue. 
1. INTRODUCTION
 With its large area, Madhya Pradesh has an agricultural economy which enjoys various climatic and soil conditions suitable for a wide range of agricultural products. Madhya Pradesh's agriculture sector forms the backbone of its economy. It accounts for almost one-fourth of the Gross State Domestic Product (GSDP) and is the key source of employment for more than 65per cent of the population, accounting for approximately 60-75per cent of rural income. According to the Madhya Pradesh Economic Survey 2025–26, the state's Gross State Domestic Product (GSDP) is projected at around ₹16.69 lakh crore with a nominal growth rate of about 11.14 per cent, while the primary sector contributes about 43 per cent to the state economy, indicating the dominant role of agriculture and allied activities (Government of Madhya Pradesh, 2025). Madhya Pradesh's main crops are wheat, soybean, gram, sugarcane, rice, maize, cotton, rapeseed, mustard and pigeon pea. The state is one of India's leading producers of soybean, pulses and oilseeds and produced nearly 41.93 million tonnes of food grains in 2023, reflecting steady growth in agricultural production (CEIC Data, 2024). The agro climatic diversity and topographical variations allow the state to grow a wide variety of cereals, pulses, oilseeds and cash crops. 
Dynamics applies, over time, to motion/changes. "Economic dynamics, according to Prof. Harrod, is “the study of an economy in which output rates are changing." Economic factors such as area under crop, revenue, investment, costs, resources, cropping trend, levels of production, etc., change at various rates at different times in the real world. In order to deal with such fluctuations, it is important to perform research in the context of complex research. Time Series Analysis and decomposition analysis are part of the dynamic analysis process. Decomposition analysis is the collection of methods used to decompose a quantity or attribute into its constituents. The method of decomposition is a statistical or econometrical method used to decompose into separate explanatory variables or its change over time.
Due to complexities involved in agriculture, agricultural growth success has always been contemplated by both academics and policy makers. Because of its dependents on weather, agricultural production is subject to numerous fluctuations. There are various factors involved in agricultural development, and there are also numerous factors involved in the overall revenue produced from agricultural production. In order to take appropriate policy steps, the sources or factors which contribute to agricultural growth must be understood in order to take effective policy measures. Because a transition in agriculture is a result of many causes, the role of interpreting changes in agriculture is a challenge for policy makers. The researchers /economists are tasked with segregating these impacts (Vani et.al, 2020). For researchers/economists engaged in seeking answers to these agricultural changes, decomposition techniques can be very useful at this point. Researchers and policy makers have continued to have an active interest in decomposing agricultural production growth. A breakdown of growth into different components- area, yield, cropping pattern etc., facilitates prediction of production for framing alternate goals and policies (Jamal and Zaman, 1992). 
In general, it is possible to break decomposition methods into two parts; the indexes of Laspeyres and Divisia. LMDI is a common and generally accepted decomposition model and it is one of the Divisia Indexes that corresponds to the Logarithmic Mean Divisia Index. Among these, the Logarithmic Mean Divisia Index (LMDI) has emerged as one of the most widely accepted decomposition models because it provides perfect decomposition without residuals and is extensively used in agricultural and environmental growth analysis (Ang and Liu, 2001; Ang, 2005).
The multiplicative scheme is commonly used in growth analysis, finding it more beneficial than the additive scheme. Unlike additive schemes that decompose absolute growth and thus linear production growth rate, in terms of part growth rates, the multiplicative scheme describes the compound growth rate. Multiplicative decomposition scheme is a better indicator of decomposition than additive in agriculture growth analysis as it reduces the residual portion (which did not show significant contribution in any of the studies)
For policymakers, the performance of the decomposition model is so helpful in gathering accurate and system-oriented knowledge to design appropriate policy tools for society. Additive models have been widely used by scholars, namely, Minhas and Vaidyanathan (1965), Kaul (1966), Mishra (1971), Sondhi and Singh (1975), and Venkataraman and Prohaladacharar (1975)  have remained of active interest to researchers and policy makers. Several later studies have also applied additive decomposition techniques in agricultural growth analysis, including Hazell and Chand (1983), Jamal and Zaman (1992), Siju and Kombairaju (2001), Sharma (2010), Suryavanshi et al. (2016), Pattnaik and Shah (2018), and Vani et al. (2020), demonstrating the continued relevance of this approach for analyzing crop production and revenue dynamics.
Recent literature shows a growing use of the Logarithmic Mean Divisia Index (LMDI) technique in analysing agricultural and environmental changes. For example, Zhang et al. (2024) applied LMDI to study agricultural greenhouse gas emissions and found that technological improvements helped reduce emission intensity, although economic expansion continued to increase emissions. In a similar context, Meng et al. (2024) employed LMDI to examine the drivers of agricultural carbon emissions and highlighted the importance of technological progress and structural transformation in improving sustainability. Chaturvedi et al., (2023) incorporated LMDI decomposition analysis in the Kymore plateau agro-climatic zone of Madhya Pradesh to decompose the aggregate revenue into its components, indicating yield effect to be the most dominant factor in the zone followed by price effect. Further, Some et al. (2019) applied the LMDI decomposition technique to analyse changes in non-CO₂ emissions from cropland agriculture in India. The study found that fertilizer intensity and economic expansion were the main factors increasing emissions, whereas improvements in productivity and structural changes in agriculture helped in reducing emission levels. 
Crop income is the revenue from the selling of crop production. In general use, crop revenue is revenue in the form of cash or cash equivalent earned by the farmer. Many variables such as Area effect, Yield effect, cropping pattern impact, price effect affect crop revenue.
2. METHODOLOGY
Absolute change (AC)
Equation 1                                Absolute change = 
Where, 
Y= Area of the selected crop.
	n= Average of the last three years of the study period (current year).
	o= Average of initial three years of the study period (base year).
Relative change (RC)
Equation 2                                Relative change =   × 100
	Y, n and o have the same interpretations as given above in absolute change.
Trend analysis
Trend for each selected variable for each selected district were estimated with the help of linear equation using regression analysis.
Equation 3                                Linear equation 
Where,
	Y=Dependent variable (Area, Yield, Price, Cropping pattern)
	a = Constant
	b = Regression coefficient (rate of change)
	t = Time (years)
 Run test
It is used to check the randomness of a sample.
Equation 4                           	Mean = 
Equation 5                           Variance =     



Decomposition analysis 
Logarithmic Mean Divisia index (LMDI) decomposition technique:
Suppose Q is the aggregate value of crop output,  
Equation 6              			 Q =A ∑i wi ci yi
‘T’ subscript is used for the tth year and ‘0’ for the base year. Then absolute change and relative change can be expressed as following:
Absolute change = 𝛥QTOT QT - QO      &
Relative change = DTOT = QT/ QO
This study provides the extension of LDMI based decomposition scheme to segregate price, area, and cropping pattern and yield effect from aggregate value of crops.
1. 	Area effect: The effect of change in gross cropped area on aggregate crop revenue while keeping yield, prices and cropping pattern constant at base year values.

Equation 7             			𝛥𝚀AREA = ∑i𝛬i ln (AT/ AO)  
(Additive decomposition scheme)
Equation 8              			Darea=e∑i⍵iLn (AT /AO)   
(Multiplicative decomposition scheme)
2. 	Yield effect: The effect of change in yield of crops on aggregate crop revenue while keeping area, prices and cropping pattern constant at base year values.
Equation 9             			𝛥𝚀YIELD = ∑i 𝛬i ln ( YiT/ YiO) 
(Additive decomposition scheme)
Equation 10             			Dyield= e∑i⍵iLn(YiT/YiO)
(Multiplicative decomposition scheme)
3. 	Cropping pattern effect: The effect of change in cropping pattern on aggregate crop revenue while keeping area, yield and prices constant at base year values.
Equation 11                  		𝛥𝚀STR. = ∑i 𝛬i  ln(CiT/ CiO)    
(Additive decomposition scheme)
 Equation 12                  		Dstr= e∑i⍵iLn(CiT/CiO)   
(Multiplicative decomposition scheme)
4. 	Price effect: The effect of change in farm harvest price of various crops on aggregate crop revenue while keeping area, yield and cropping pattern constant at base year values.
 Equation 13                  		𝛥𝚀PRICE = ∑ i𝛬i  ln (WiT/ WiO)  
(Additive decomposition scheme)
Equation 14                  		Dprice = e∑i⍵iLn(WiT/WiO)      
(Multiplicative decomposition scheme)	
Two schemes are used under LDMI decomposition analysis which are-
1. Additive LMDI Decomposition technique
2. Multiplicative LDMI Decomposition technique 
The additive decomposition scheme can be expressed as following-
Equation 15—
𝛥𝚀TOT      =   𝛥𝚀AREA + 𝛥𝚀YIELD + 𝛥𝚀 STR. + 𝛥𝚀 PRICE
Equation 16—
𝛬i = L (QiT  , QiO ) = (QiT - QiO) / (ln QiT - ln QiO)
L (QT i, QO i) is the logarithmic mean between Qti   and Qoi , where,
Qoi = Aggregate value of crop output in the base year (2007-08) and
Qti = Aggregate value of crop output in tth year 
The Multiplicative LMDI Decomposition technique can be expressed as- 
Equation 17--      

Equation 18--
⍵i =   = 

Qoi = Aggregate value of crop output in the base year (2007-08)  
Qti = Aggregate value of crop output in tth year 
3. results and discussion
Table 1: Cropping pattern of Northern Hills of Madhya Pradesh for the base and current year (Area in 000’ ha)
	Crops
	Northern Hills of Madhya Pradesh

	
	Base Year
	Current Year

	Paddy
	525.53
(43.07)
	532.33
(37.93)

	Gram
	51.77
(4.24)
	120.47
(8. 58)

	Maize
	84.63
(6.94)
	117.47
(8.37)

	Linseed
	26.20
(2.15)
	25.78
(1.84)

	Pigeon pea
	53.03
(4.35)
	107.20
(7.64)

	Mustard
	58.73
(4.81)
	54.02
(3.85)

	Kodo
	167.57
(13.73)
	71.83
(5.12)

	Lentil
	66.63
(5.46)
	85.58
(6.10)

	Wheat
	186.13
(15.25)
	288.78
(20.58)

	Aggregate area
	1220.23
	1403.47


Figures within parenthesis are percentage out of gross cropped area 
The crop with the highest area under cultivation was paddy, With 525.53 and 532.33 thousand hectares in the base year and current year, respectively. Whereas, wheat, kodo, maize and mustard were other important crops of this agroclimatic region. Aggregate area under selected crops in the base year was 1220.23 thousand hectares and 1403.47 thousand hectares in the current year. 









Table 2: Absolute and relative changes in cropping pattern of Northern Hills of Madhya Pradesh
(Absolute change in 000’ ha and relative change in per cent)
	Crops
	Northern Hills of Madhya Pradesh

	
	Absolute change
	Relative change

	Paddy
	6.80
	1.29

	Gram
	68.70
	132.71

	Maize
	32.83
	38.79

	Linseed
	-0.42
	-1.59

	Pigeonpea
	54.17
	102.14

	Mustard
	-4.71
	-8.02

	Kodo
	-95.73
	-57.13

	Lentil
	18.95
	28.44

	Wheat
	102.64
	55.15

	Aggregate area
	183.23
	15.02


It can be observed that in Northern Hill Agro-climatic zone of Madhya Pradesh, wheat was the crop with the highest absolute change in area under cultivation (102.64 thousand hectares) followed by kodo (-95.73 thousand hectares), gram (68.70 thousand hectares) and Pigeonpea (54.17 thousand hectares). As far as, gram had the highest relative change in area under cultivation (132.71 per cent), followed by pigeon pea (102.14 per cent), kodo (-57.13 per cent), wheat (55.15 per cent), and maize (38.79 per cent), aggregate area under the absolute change was 183.23 per cent and 15.02 per cent in relative change.
Table 3: Decomposition of absolute change in value of output for Northern Hills of Madhya Pradesh for the period 2007-08 to 2016-17 
(Unit:  Rs. Crore) 
	Year
	Value of output
	Absolute change**
	Area Effect
	Price Effect
	Cropping Pattern Effect
	Yield Effect

	2007-08
	86.05
	0
	0
	0
	0
	0

	2008-09
	87.64
	1.59
	-10.63
(-668.72)
	-129.45
(-8141.23)
	-1.05
(-66.19)
	142.73
(8976.14)

	2009-10
	94.79
	8.74
	-15.68
(-179.50)
	25.05
(286.59)
	0.72
(8.32)
	-1.34
(-15.41)

	2010-11
	93.49
	7.44
	-11.26
(-151.29)
	20.08
(269.77)
	0.51
(6.89)
	-1.88
(-25.37)

	2011-12
	14.68
	70.81
	-12.34
(-20.30)
	34.50
(56.74)
	3.26
(5.36)
	35.39
(58.20)

	2012-13
	235.71
	149.66
	-13.10
(-8.75)
	86.33
(57.68)
	6.26
(4.19)
	70.16
(46.88)

	2013-14
	365.84
	279.79
	4.45
(1.59)
	95.81
(34.25)
	12.13
(4.34)
	167.37
(59.82)

	2014-15
	390.33
	304.28
	8.79
(2.89)
	107.40
(35.30)
	21.13
(6.94)
	166.95
(54.87)

	2015-16
	430.20
	344.15
	-6.59
(-1.92)
	135.11
(39.26)
	23.78
(6.91)
	191.85
(55.75)

	2016-17
	563.21
	477.16
	28.38
(5.95)
	146.45
(30.69)
	21.08
(4.42)
	281.23
(58.94)


**All changes computed from base year value (2007-08)
	It has been observed that in Northern Hills of Madhya Pradesh, value of crop output in the year 2008-09 Rs. 87.64 crores. For 2008-09, out of Rs. 1.59 crore of absolute change in value of output compared with base year, Rs. 142.73 crore were contributed by changes in yield of crop as well as output alone was followed by cropping pattern effect, area effect and price effect. In the year 2009-10, out of Rs. 8.74 crore of absolute change in value of output, Rs.25.05 crore was contributed by changes in price of crop output alone followed by cropping pattern effect and yield effect. In the year 2011-12 out of Rs. -71.37 crore of absolute change in value of output Rs. 35.39 crore were contributed by changes in yield of crop output alone followed by price effect and cropping pattern effect. In the year 2012-13, out of Rs. 149.66 crore of absolute change in value of output Rs.86.33 crore were contributed by changes in price of crop output alone followed by yield effect and cropping pattern effect. From the year 2013-14 to 2016-17 yield effect was the largest contributor towards absolute change.
Table 4: Multiplicative decomposition of relative change in value of output for Northern Hills of Madhya Pradesh for the period 2007-08 to 2016-17 
(In per cent)
	Year
	Value of output (Rs.Crore)
	Relative Change
	Area Effect
	Price Effect
	Cropping Pattern Effect
	Yield Effect

	2007-08
	86.05
	100.00
	100.00
	100.00
	100.00
	100.00

	2008-09
	87.64
	101.85
	88.48
	22.52
	98.80
	517.34

	2009-10
	94.79
	110.16
	84.06
	131.95
	100.81
	98.52

	2010-11
	93.49
	108.65
	88.20
	125.08
	100.57
	97.92

	2011-12
	14.68
	170.67
	89.72
	135.43
	102.91
	136.49

	2012-13
	235.71
	273.92
	91.56
	178.83
	104.31
	160.39

	2013-14
	365.84
	425.13
	102.33
	164.15
	106.48
	237.69

	2014-15
	390.33
	453.60
	104.46
	170.52
	111.07
	229.25

	2015-16
	430.20
	499.93
	96.96
	188.10
	111.76
	245.26

	2016-17
	563.21
	654.49
	111.82
	178.00
	108.66
	302.62


Note: A base year value for Index number of all effects is 100. The 2007-08 is the base year for all calculation.
	It has been observed that for year 2008-09, relative change in value of output was 101.00 compared with base year 2007-08. Index number for yield effect rose from 100 to 517.34 in the year 2008-09 and was the largest contributor towards this relative change. For year 2009-10 and 2010-11 relative change in value of output was 110.16 and 108.65 compared with base year 2007-08 Index number for price effect rose from 100 to 131.95 and 125.08 respectively in the year 2009-10 was the largest contributor towards this relative change. From the year 2011-12 to 2016-17 yield effect was the largest contributor towards relative change. For year 2016-17 relative change in value of output was 654.49 compared with base year 2007-08 Index numbers for yield effect rose from 100 to 302.62 in the year 2016-17 and was the largest contributor towards this relative change. 
Table 5: Average contribution of various crops towards various components of absolute change in value of output for Northern Hills of Madhya Pradesh for the period 2007-08 to 2016-17 
(In per cent) 
	Particulars
	Paddy
	Gram
	Maize
	Linseed
	Pigeon pea
	Mustard
	Kodo
	Lentil
	Wheat
	Total

	Area Effect
	50.72
	0.50
	5.91
	1.81
	-1.03
	5.19
	18.72
	8.33
	9.85
	100

	Yield Effect
	55.25
	6.90
	3.72
	1.50
	3.18
	1.27
	1.26
	6.05
	20.88
	100

	Cropping pattern Effect
	-40.14
	43.92
	-3.59
	-3.63
	30.30
	2.33
	-12.49
	25.53
	57.77
	100

	Price Effect
	41.55
	7.21
	8.57
	4.05
	13.02
	3.37
	0.44
	2.23
	19.56
	100


It has been observed that the paddy was the largest contribution towards area effect because of it had the largest area under cultivation in Northern Hills of Madhya Pradesh. The kodo was another large contributor. Paddy was the largest contributor towards yield effect followed by wheat, gram and lentil. The wheat was the largest contributor towards cropping pattern effect followed by gram, pigeon pea and lentil.  The paddy was the largest contributor towards price effect while wheat, pigeon pea and maize were other large contributors.
4. Conclusion
The study analysed changes in cropping pattern and the factors influencing the value of crop output in the Northern Hills region of Madhya Pradesh. The results show that paddy remained the dominant crop in terms of cultivated area in both the base and current years, followed by wheat, maize, mustard and Kodo. Although the total area under selected crops increased during the study period, a sharp decline was observed in the area under Kodo, while wheat, gram, pigeon pea and maize recorded considerable increases. The decomposition analysis indicated that yield effect and price effect were the major contributors to the growth in the value of crop output. Crop-wise analysis further revealed that paddy contributed most to the area and yield effects, whereas wheat had the largest contribution to the cropping pattern effect. The findings suggest the need to reverse the declining area under Kodo through appropriate price support. Farmers should also be encouraged to cultivate high-value crops such as pulses and oilseeds and adopt diversified cropping systems through awareness and suitable incentives.
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