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Introduction

Quantum, time profile and spatial pattern of rainfall are directly related to climatic factors. Change in climatic factors brings about radical changes in the time profile and spatial pattern of allocation of rainfall. Then, non-seasonal rain and no or scanty rainfall in rainy seasons become endemic. Such changes are being experienced in India for long. Changing time profile spatial pattern and excessive and scanty quantity of rainfall adversely affect the output of agriculture, forestry, and animal husbandry sectors both directly and indirectly. Change in output of these sectors, in turn, affect output of numerous other sectors of the economy, drawing intermediate inputs from these sectors. Income of farmers, dairy farm owners, and others associated with these activities is also adversely affected by such changes. Change in income affects purchasing power, and hence, consumption and savings.
These changes exercise cascading effect on output of other sectors of the economy through backward, forward and residentiary linkages among sectors. Supply of agriculture products, especially food-grains, vegetables and fruits lead to rise in prices which become the base of inflationary pressures in the economy. Recent experience of high inflationary pressure in Indian economy lends credence to this thesis. 
But this is not the new phenomenon in Indian economy where inflation has generally emanated from food-grain prices in the past. Indian economy has been subject to inflation even when neither money supply was excessive nor deficit finance high due mainly to rising prices of agro-products in general and food grains in particular (See, Shalini Sharma, 2010, Prakash, S., 1981).  The paper mainly focuses on the analysis of effects of Rainfall on output of agriculture and the percolation of this effect on to the output of other sectors of the Indian economy. Rainfall and temperature are the two most important variables of climate. These two variables are also related closely with each other. The paper has focused mainly on the changing quantum of annual rainfall which has started diverging from its normal level during last two three decades. Output of Indian agriculture has started significantly being affected by such divergences. 

Indian agriculture was largely a gamble on rainfall on the eve of Independence. Pre-independence period is filled up with the periodic occurrence of falling or scanty rainfall in its cyclical variations, rainfall cycles used to be spread over a period of 9 years. Periodic famines and draughts have characterized the history of Indian agriculture (See, B.M. Bhatia). This has prompted the government of independent India to assign pivotal role to irrigation in Five Year Plans of Development. Investment in multi-purpose dams was assigned high priority in Second and Third Five 

Year Plans. Thereafter emphasis shifted to minor irrigation projects. 

Consequently, proportion of irrigated both in gross and net sown area has been rising continuously over the years. Though rise in irrigated area brought about a good deal of immunity to agriculture output from the vagaries of weather, especially rainfall, yet its adverse effect on output are not completely eliminated. 

Changing level and pattern of rainfall has still been adversely affecting agriculture’s output in larger or smaller measure. This study basically focuses on this facet of economic growth of Indian economy.

Data Base

Data relating to crop output and gross area sown and other related statistics are taken from Economic Survey, Ministry of Finance, Government of India, of various years. Data relating to season wise and annual rainfall and its departure from normal levels of rainfall are taken from the publications of (Directorate of Economics and Statistics, Department of Agriculture and Cooperation, Ministry of Agriculture and Rural Development, Government of India). Input Output Table (Commodity by Commodity) and its Leontief Inverse for 2003-04 have been taken from Central Statistical Organization, Ministry of Planning, Government of India. Table has 130 sectors.    
Models and Methods

The study uses basically two models to complement each other’s result. The first is regression model which is used to evaluate direct impact of varying annual levels of rainfall on the output of all major crops of India. This model is also used to forecast the output of different crops for 2003-04 in order to estimate the impact of changing level and pattern of rainfall over the years. These estimates of crop outputs are used to determine the difference of estimated from actual output of 18 crops under study. The regression model does not include irrigation as the determinant of crop outputs. This difference (excess of actual over estimated output) is attributed to irrigation.   

Estimated output is allocated between intermediate and final demand for agricultural output among 130 sectors of the economy. The estimated final demand, which is compatible with the estimated crop outputs of agriculture are used to derive gross output of different sectors from standard Leontief Static model.

Regression Model

The regression model is outlined below:

 Yt   = β 0 +   β 1 Yt-1 + β 2 At + β 2 Wt + Ut       …………..(1)

Y depicts output of agriculture, A is gross area under cultivation and W shows rainfall. This model needs a little bit elaboration since its empirical estimate is based on time series data.  

Analysis of time series data performs the following two functions, which make the analysis of time series different from the analysis of cross section or pooled data (Cf. Goode and Hatt, 1982, Stock, James H. and Watson, M.W. 2003 Harvey, 1981). These are two major facets of the study of time series (Harvey, 1984): Analysis and Modeling. Time series analysis focuses mainly on presenting a summary of the chief characteristics of the series, while modeling focuses on highlighting the basic traits of behavior of its values with a view to forecast the future probable values. The forecast should, however, be only for short period. Analysis falls in the ‘Time Domain’, and modeling belongs to ‘Frequency Domain’. Frequency domain focuses on detection of regularity and pattern of movement so as to facilitate the prediction of expected future value(s) (Harvey, 1981).

An important feature of time series is that it may or may not be stationary. If the series non stationary, then no regression model fitted to the series will furnish meaningful results.   

Stationary Time Series

A time series is said to be stationary if it satisfies the following conditions:

(i) mean and variance of the values generated by the stochastic process are constant over different periods of time; and (ii) Covariance between two time periods depends only on (a) distance or lag/gap between two periods, (b) covariance is not affected by actual time at which the calculation of the covariance is done (Gujarati, 20030. This, in fact, defines ‘Weak Stationary Stochastic Process’. This process is also called as ‘Covariance Stationary’, or ‘Second Order Stationary’. Satisfaction of conditions of the weak stationary stochastic process generally suffices in most of the cases for proceeding further with the analysis of time series on the basis of regression model. The reason is that even if a stochastic process is non stationary but its probability distribution is normal, then, weak staionarity converges towards strong stationarity. Normal probability distribution is precisely defined by the mean and variance of the distribution. I split the time series from 1992-93 to 2009-10 into two parts to test the differences between their respective means and variances by t and F tests. Besides, I have included lagged value of Y in the regression model to take cognizance of auto-regression part of Random Walk Model. 

Static Model

The Standard Leontief Static Model is as follows:

X= AX+f 

Or 

X= (I-A)-1f……………………………………………..(2)

X is vector of gross output, A is matrix of technology based input coefficients per unit of output of different sectors and f is final demand vector. In the above model, we replace vector of final demand by vector C to derive the following model:

X= (I-A)-1C……………………………………………..(3)   

Vector C differs from vector f in so far as elements of final demand for the output of 18 agricultural sectors are based on estimates derived from the application of regression model 1.

Empirical Analysis

All three variables output, areas sown and annual rainfall depict cobweb like temporal fluctuations. Annual data are freed from seasonal variations by aggregation and averaging. But the series still comprises cyclical, trend and random components. In order to smooth cyclical fluctuation, the data were subjected to three year moving averages. Then, the time series of annual rainfall from 1992-93 to 2009-10 was split into two equal parts to test the differences between their respective means and variances by t and F tests. 

These differences and results of t and F tests are reported below: 

TEST OF STATIONARITY
__________________________________________________________ 

Sub Series       Mean   Mean        Variance   Variance      Co-Variance 

_Rain__________I_____II________I_______II________________________

Values            1190.83   1112.43    7694.66   9573.1         0.6839.7
t                                    3.2                        
F                                                                     0.3
___________________________________________________________

The table shows that mean difference is statistically significant at .006 probability level, while difference of variance is significant at 0.03 probability level and covariance is also statistically different from zero. 
The following table highlights the deficiency of rainfall, measured by the difference between normal and actual rain during different years: 

Table: Divergence of Actual from Normal Annual Rainfall

___________________________________________________________

Year           1992-3   1994   1995   1996   1997   1998   1999   2000   2001

____________________________________________________________

Deficiency   -7.1       -0.7    9.0      -2.9     0.4      7.6      6.4      -1.1     -12.7

____________________________________________________________

Year           2001-02   2003   2004   2005   2006   2007   2008   2009   2010

_____________________________________________________________

Deficiency   -6.3        -18.6   6.8      -9.3      -1.0    -5.2     -1.2    -10.1  -18.6

_____________________________________________________________

All figures are percentages
The table covers a period of 18 years. Thirteen out of eighteen years covered by the table experienced shortage in rainfall compared the normal level. Five of these 13 years recorded shortfall in rain ranging from 9 to 18.6 per cent, 3 years received a rain 5 to 7 per cent less than the normal. Only 5 years inadequacy of rain was marginal ranging from -0.7 to -2.9 per cent. It may be noted that excessive rains, especially during periods when the crops are ready to be harvested, also adversely affect output. During four out of five years when it rained in excess of the normal, the excess ranged from 6 to 9 per cent. These data also support the thesis that the adverse effect of climatic change on output, as represented by rainfall, has been mitigated to a great extent by irrigation. Greater the need for irrigation, higher is the cost of crop output and greater the demand for energy for agriculture.

Thus, the rainfall is represents the influence of random factors on the temporal fluctuations of output of agriculture. The table below highlights the values of means, variances and co-variances of output and gross areas under cultivation for the two sub-parts of the corresponding time series data.

Table   
 Besides, lagged value of Y is included in the regression model to take cognizance of auto-regression part of Random Walk Model. OLS estimate of the regression model is reported below: 

Yt = -520.555+0.9076 Yt-1+3.8588 At-0.44628Wt ,R2=0.9701,F=54.12 >F*=0.0003
t:       (-3.1)    (11.86)         (3.86)       (0.75)

The model fits the data well. All four regression coefficients have expected signs. Three out of four regression coefficients are statistically significant. Negative sign, attached to rainfall, indicates its adverse effect on crop outputs. Its statistical non significance is also expected; it has already been explained in terms of rising proportion of irrigated in net cultivated area mitigating some adverse influence of deficient rainfall on crop outputs. But even small proportion of change in output disturbs the balance between supply and demand which directly becomes the cause of inflationary pressures in Indian economy (See, Shalini Sharma, 2004, Prakash, S. 1981).  Explained proportion of variation by the function is as high as 97 per cent of total change in output of agriculture. The model is acceptable on all counts. Thus, the results lend some credence to the thesis that rainfall does affect adversely crop outputs in India. But much more convincing evidence is expected to flow from the results of IO part of the study.  

The basic objective of regression model is to use it forecasting the outputs of 18 different agriculture crops under the impact of rainfall, independent of the influence of irrigation. The OLS estimate of the model furnishes the value of expected total agriculture output to equal 289.128 million tons. Actual output of all crops is 539.1667 million tons. Thus, actual output is 1.86 times more than the output under the influence of rainfall. This difference is accounted by irrigation covering the inadequacy of rainfall over the years. This lends substantive support to our thesis that even small change in rainfall in proportionate terms may amount to substantial change in absolute terms.  

Overall Economic Effect of Climatic Change

Overall economic effect of climatic change is estimated by the application of input output model. Total estimated output of 289.128 million tons is first converted into monetary terms by its multiplication by the weighted average price of all agricultural goods in 2003-04. The estimate of this price has been derived by dividing total rupee value of agricultural output (reported in transaction table-20 sectors) by the physical quantity of total output of all 20 crops raised in the country. This total value of output has then been allocated among 20 sectors on the basis of proportionality assumption: 

 (Transaction Matrix Sector specific Output/Total Table Output) x Regression based Estimate of total Output in Rs.Crore)= (Yi /Y)(X)  
Where Yi refers to output (in Rs. Crore) of i-th agriculture sector reported in transaction table of 2003-04, Y=∑Yi refers to total output (in Rs. Crore) of 20 agriculture sectors in IO table, and X refers to total output of all agricultural crops in Rs. Crore estimated from regression function. From these sector specific outputs Xi  is subtracted intermediate use of the output which has been estimated on the basis of coefficients matrix, A= (aij ).    

Summation extending over all j for given i-th row, i=1,…….20 and j=1,2,….130. Usual multiplication process has been followed:
∑ aij X j . Final demand thus determined has then be used to derive estimate of sector wise output of all sectors which is compatible with this final demand for agricultural goods and usual final demand for all other sectors of the economy. The estimated sector wise outputs and its divergence from actual outputs of sectors are reported in the table in Appendix. Frequency table of the output divergences in different ranges is reported below:   
Table 1: Frequency According to Output Effect of Rainfall

	
	

	Primary 
	

	
	

	Range
	Frequency

	<0  to 0.17
	4

	16.64 to 84.17
	3

	268.73 to 771.54
	3

	2290.19 to 4749.56
	5

	12732.88 to 81093.40
	5

	100412.32 to 2477566.67
	6


	Non- Primary 
	

	
	

	Range
	Freq

	<0  to 0
	34

	0.33 to 0.77
	7

	1.18 to 3.67
	6

	15.20 to 94.72
	16

	105.74 to 800.79
	15

	1314.46 to 15202.88
	11

	21436.22 to 81217.21
	7

	125685.42 to 1056327.79
	8


The results show that i) 34 out of 130 sectors of the economy are not affected by climatic factors. These sectors relate to tertiary activities, mining, heavy and basic goods industries, and some light engineering goods industries; ii) Greater output effect is experienced by agriculture and other related activities; iii) all other sectors experience moderate impact of climate on their output; and iv) obviously output effect of rainfall varies significantly between sectors. 

Conclusion

A great deal of care is required in the selection of envelopment projects.  
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Table 2: Output Effect of Rainfall (I-O Model Based Results)
	Sector/ Code 
	Commodity 
	Output

	13
	Cotton 
	-24323139104

	14
	Tea 
	0

	16
	Rubber 
	0

	12
	Jute 
	1702278

	15
	Coffee 
	166464865

	23
	Poultry & Eggs 
	488868740

	17
	Tobacco 
	841744145

	25
	Forestry and logging 
	2687317660

	10
	Coconut 
	5422794656

	26
	Fishing 
	7715491258

	21
	Milk and milk products 
	22901933364

	4
	Bajra 
	24451998341

	18
	Fruits 
	38078281335

	3
	Jowar 
	39846274029

	5
	Maize 
	47495561525

	9
	Groundnut 
	127328839104

	11
	Other oilseeds 
	158671084850

	8
	Sugarcane 
	166090584142

	19
	Vegetables 
	431222785853

	6
	Gram 
	810934083388

	7
	Pulses 
	1004123261111

	24
	Other liv.st. produ. & Gobar Gas 
	1579243196296

	20
	Other crops 
	3044312355966

	22
	Animal services(agricultural) 
	5702536423184

	2
	Wheat 
	9020745480870

	1
	Paddy 
	24775666744649


	Sector/ Code 
	Commodity 
	Output
	Sector/ Code 
	Commodity 
	Output

	49
	Silk textiles 
	-152520
	94
	Electronic equipments(incl.TV) 
	338548353

	28
	Natural gas 
	0
	66
	Organic heavy chemicals 
	391593900

	29
	Crude petroleum 
	0
	27
	Coal and lignite 
	391755123

	30
	Iron ore 
	0
	128
	O.com, social&personal services 
	432991113

	31
	Manganese ore 
	0
	108
	Water supply 
	509735991

	32
	Bauxite 
	0
	47
	Cotton textiles 
	643849103

	33
	Copper ore 
	0
	76
	Other non-metallic mineral prods. 
	825325292

	34
	Other metallic minerals 
	0
	114
	Storage and warehousing 
	825848755

	35
	Lime stone 
	0
	54
	Miscellaneous textile products 
	902737765

	36
	Mica 
	0
	40
	Hydrogenated oil(vanaspati) 
	947195110

	45
	Tobacco products 
	0
	70
	Drugs and medicines 
	1057425579

	48
	Woolen textiles 
	0
	53
	Readymade garments 
	1065800377

	52
	Carpet weaving 
	0
	65
	Inorganic heavy chemicals 
	1090359915

	59
	Leather footwear 
	0
	61
	Rubber products 
	1112464176

	60
	Leather and leather products 
	0
	91
	Electrical appliances 
	1568014783

	64
	Coal tar products 
	0
	123
	Business services 
	2313453483

	74
	Structural clay products 
	0
	55
	Furniture and fixtures-wooden 
	2427067708

	75
	Cement 
	0
	82
	Miscellaneous metal products 
	2600070448

	77
	Iron, steel and ferro alloys 
	0
	105
	Miscellaneous manufacturing 
	3379910186

	79
	Iron and steel foundries 
	0
	39
	Khandsari, boora 
	3670717597

	85
	Industrial machinery(others) 
	0
	56
	Wood and wood products 
	4349178651

	88
	Electrical industrial Machinery 
	0
	73
	Other chemicals 
	5455328941

	89
	Electrical wires & cables 
	0
	62
	Plastic products 
	6128338180

	95
	Ships and boats 
	0
	38
	Sugar 
	7398788491

	96
	Rail equipments 
	0
	97
	Motor vehicles 
	8007862945

	98
	Motor cycles and scooters 
	0
	117
	Hotels and restaurants 
	13144572598

	99
	Bicycles, cycle-rickshaw 
	0
	57
	Paper, paper prods. & newsprint 
	13406378504

	101
	Watches and clocks 
	0
	58
	Printing and publishing 
	16492140202

	104
	Aircraft & spacecraft 
	0
	41
	Edible oils other than vanaspati 
	19884708811

	120
	Ownership of dwellings 
	0
	112
	Air transport 
	23337695545

	121
	Education and research 
	0
	119
	Insurance 
	49030608023

	122
	Medical and health 
	0
	100
	Other transport equipments 
	60562128210

	126
	Real estate activities 
	0
	87
	Other non-electrical machinery 
	62544714588

	130
	Public administration 
	0
	127
	Renting of machinery & equipment 
	104373249334

	78
	Iron and steel casting & forging 
	3378941
	115
	Communication 
	133922520741

	92
	Communication equipments 
	3378941
	84
	Industrial machinery(F & T) 
	152028794059

	93
	Other electrical Machinery 
	3378941
	43
	Miscellaneous food products 
	214362245978

	102
	Medical, precision&optical instru.s 
	3378941
	111
	Water transport 
	238955411941

	86
	Machine tools 
	5556834
	129
	Other services 
	261272410588

	103
	Jems & jewelry 
	6757882
	113
	Supporting and aux. tpt activities 
	332028741870

	46
	Khadi, cotton textiles(handlooms) 
	7792957
	83
	Tractors and agri. implements 
	364450108646

	80
	Non-ferrous basic metals 
	11800033
	51
	Jute, hemp, mesta textiles 
	576790276119

	72
	Synthetic fibers, resin 
	19956912
	109
	Railway transport services 
	812178022212

	81
	Hand tools, hardware 
	23538379
	118
	Banking 
	1256854235092

	71
	Soaps, cosmetics & glycerin 
	26557374
	68
	Pesticides 
	1262983284290

	37
	Other non metallic minerals 
	34321624
	106
	Construction 
	1589541645780

	69
	Paints, varnishes and lacquers 
	36698295
	110
	Land tpt including via pipeline 
	2895549268791

	50
	Art silk, synthetic fiber textiles 
	151988975
	63
	Petroleum products 
	3094875908388

	44
	Beverages 
	168719198
	107
	Electricity 
	3718464295656

	124
	Computer & related activities 
	207135273
	116
	Trade 
	5187012244184

	42
	Tea and coffee processing 
	235192712
	67
	Fertilizers 
	10563277885370

	90
	Batteries 
	248214979
	 
	 
	 

	125
	Legal services 
	279620261
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