Valuing irrigation water using a choice experiment: an “individual status quo” modelling of farm specific water scarcity
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APPENDIX
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Figure A1. Study site location of the Tungabhadra and Bhadra irrigation command areas within the Tungabhadra sub-basin, Krishna Basin, India
Source: adapted from Watershed Atlas of India
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Figure A2. Example of sample frame in Bhadra command area. Distributary 22 – the largest distributary on the Bhadra Reservoir Right Bank Canal (BRBC)
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Figure A3. Example of a scenario for water availability, watering frequency, water sharing and irrigation water charge shown to farmers in the choice experiment

Note: All alternatives displayed 8 waterings/month for the wet or “Kharif” season (mid-July to mid-October). The experimental design varied attribute levels during the dry or “Rabi” season only (mid-October to end May).
Interval effects coded models

The mixed logit specification of the model did not converge, possibly because of the small sample size relative to the number of model parameters. We therefore report the conditional logit model in table A1. 
Table A1. “Interval effects coded” conditional logit model

	
	Model 5.1
	Model 5.2

	Model 5 Conditional logit 
	Coef.
	Robust Std. Err.
	P>z
	Coef.
	Robust Std. Err.
	P>z

	Non-linear attributes (effects coding)
	
	
	
	
	
	

	Water availability (dry season)
	
	
	
	
	
	

	>  6 months
	
	
	
	1.527159
	0.238956
	0.000

	(5,6] months
	
	
	
	0.325017
	0.139935
	0.020

	>  5 months 
	0.833384
	0.131913
	0.000
	
	
	

	(4,5] months 
	0.464881
	0.114430
	0.000
	0.275180
	0.111840
	0.014

	 (3-4] months 
	0.101794
	0.117758
	0.387
	-0.084080
	0.115976
	0.468

	(2-3] months 
	-0.637970
	0.124430
	0.000
	-0.829000
	0.122529
	0.000

	(1-2] months 
	-1.277820
	0.138192
	0.000
	-1.497880
	0.138468
	0.000

	Watering frequency 
	
	
	
	
	
	

	>  12 waterings/month
	
	
	
	1.472795
	0.328908
	0.000

	(10,12]  waterings/month
	
	
	
	1.433337
	0.554627
	0.010

	(8,10]  waterings/month
	
	
	
	0.711561
	0.440921
	0.107

	>8 waterings/month 
	1.716479
	0.235379
	0.000
	
	
	

	 (6,8]  waterings/month
	0.423788
	0.120608
	0.000
	0.035749
	0.156384
	0.819

	 (4,6]  waterings/month
	0.094570
	0.112953
	0.402
	-0.308530
	0.148921
	0.038

	 (2,4]  waterings/month
	0.091617
	0.110666
	0.408
	-0.289250
	0.144943
	0.046

	 (0,2] waterings/month
	-0.218830
	0.116726
	0.061
	-0.678780
	0.149435
	0.000

	Linear attributes (continuous  coding)
	
	
	
	
	
	

	Water charge (annual/acre)
	-0.00133
	0.000192
	0.000
	-0.00139
	0.000197
	0.000

	 Water sharing
	-0.46694
	0.092703
	0.000
	-0.48694
	0.091715
	0.000

	Number of obs  

Wald
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 (df)

Prob > 
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Log likelihood

Pseudo R2   
	7098 

351.84 (12)  

0.0000

-1795.1984     

 0.3094        
	7098

349.32

0.0000

-1751.8539

0.3260


Note: All farmers, using individual status quo levels and calculated annual water charge (Ci sq) as in Model 3.

While the conditional logit parameter estimates may be biased, we would expect the relative difference between effects (attribute levels) to provide an acceptable picture of whether utility is non-linear in the attributes. We also tested effects that identify a number of higher status quo levels of water availability and watering frequency, than the levels that were in the original experimental design. Increasing the range of the attributes has the effect of reducing the relative importance of the levels in the design (table A1, figures A4-A5).


Farmers who chose the status quo, and have the highest status quo water availability and frequency levels, have the least utility from the relatively low attribute levels used in the design. Figures A4-A5 are an effective illustration of the bias introduced by insufficient range of attribute levels in the choice experiment relative to the full variation of conditions currently experienced by the sample. It is also a feature of effects coded model that utility is scaled to be centered around 0 (Hensher et al., 2005). These features are easily seen in comparing the slope of the implicit price as a function of attribute levels, calculated using model 5.1 versus model 5.2 (figure A4.).


The value of the timing of water availability depends on the type of crops planted by the farmer, as well as other water uses. The utility of water availability is therefore expected to be non-linear. To some extent this is confirmed in figure A4. WTP for water availability increases in the first part of the dry season (November- February) is slightly higher than for February-April. As the dry season moves into April-May, the importance of canal water for drinking water relative to cropping increases, particularly in the tail-end of distributaries. This may be one explanation for the drop and then increase of marginal implicit prices in the results for Model 5.2. 
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Figure A4.  Implicit prices for water availability by month (Rps/year for a given average level of water availability)  derived from the effects coded models


The number of irrigations per month is more closely associated with actual water volume used. Economists will expect the willingness to pay for water to decline with increasing water use. Figure A5 looks at whether implicit willingness to pay for an additional irrigation decreases with the total number of irrigations per month. 
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Figure A5. Implicit prices for water by number of irrigations (Rps/year for a given average number of irrigations per month) derived from the effects coded models

The frequency of watering is also non-linear. WTP for initial increase from 0-2 to 2-4 waterings is higher than for the increase to 4-6 waterings, almost constant for marginal increases up to 12 waterings and the declining for >12 waterings. More than 12 waterings as a status quo is only seen in parts of the water rich upstream Bhadra command area, with falling utility at this level possibly reflecting crop saturation and water logging concerns. Another hypothesis for low marginal utility of the attribute level of 6 waterings/month, versus 4 or 8 is the difficulty farmers may have had in converting this to a practical weekly watering schedule (i.e. 1.5 waterings per week). Also evident in figure A5 is the bias in (over) identifying the highest categories of “individual status quo” levels of watering amongst the approximately 25% of farmers who water their crops more than 8 times a month. 
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