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Overview
Lighting accounts for nearly 20% of U.S. electricity consumption and 18% of residential electricity consumption. Incandescent bulbs are responsible for the majority of residential lighting electricity usage. A transition to alternative energy-efficient technologies, like compact fluorescent lamps and light-emitting diodes, could reduce this energy consumption considerably. However, household adoption of such alternatives remains modest. In our earlier study, we conducted a choice-based conjoint field experiment for incandescent and compact fluorescent bulb choices to quantify the influence of factors that drive consumer choices based on the stated preference. This study adopts consumer panel data to analyze patterns of the revealed preferences and to compare them with the behavior based hypothetical choices. Further, by utilizing other available information from the panel data, we analyze how different patterns the bulb choices display across various types of retail channels (drug store, dollar store, grocery, hardware store, warehouse club, discount store, and all other stores). 
Although the two models from hypothetical and panel data could not be compared side-by-side because of the lack of technical specification data in the panel data, we find that the implicit discount rate for lighting choices estimated from the panel data is in a similar range with the earlier estimate for the group of subjects who were not given information about annual operating cost in our experiment. The willingness to pay (WTP) for less energy consumption of a bulb is smaller in market data than in the experiment because the wattage value in the market is almost linearly correlated with brightness level which is not observed in the panel data.   
Also, across the retail channel type, we observe vast differences in the purchase pattern. Sales data shows that hardware stores and warehouse clubs are where consumers buy more efficient bulbs, while in drug stores, dollar stores, discount stores, and grocery stores, consumers choose more inefficient lamps. This can be partly because of a difference in availability of efficient light bulbs across channel types The pattern also appears in discount rate estimates: the first two (hardware stores and warehouse clubs) exhibit less than half of the estimates for the other types of stores. 
Method
From the original panel data of nationally representative households acquired from the Nielsen Company, we selected only the part corresponding to purchases of general service light bulbs. Among those bulbs satisfying these criteria, in order to observe preferences for bulbs with similar use purpose, we focus only on A-shape bulbs, which leaves about 2,490 bulb products in the data for analysis. Over the period of 2004-2009, those products were purchased 352k times in total by 75k distinct households. The final dataset contains three main attribute values of light bulbs: price, wattage, and type. The price information was originally reported in the original data, while wattage values and type information had to be constructed based on the product description field provided by Nielsen. 
As specified in our previous study (Min et al., 2014), we model choices by a random utility model, from which we can estimate WTPs for certain attributes. The utility  that consumer i draws from product alternative j is modeled as: 

where  is the preference coefficient for attribute k, is the attribute of alternative j, and  is the random error term, taken as an iid standard Gumbel distribution (Train, 2003). To estimate implicit discount rates adopted for lighting purchases, we use a similar but nonlinear model which depends linearly on equivalent annual cost: 

where the term within parentheses represents equivalent annual cost, and  directly means the average discount rate which consumers implicitly adopt for their comparisons. 
Results
The two models show that coefficients for price and wattage are still significant in explaining the choices, but type is not significant suggesting consumer choices are driven more by its wattage than by its type or life. Relatively smaller coefficients for watt than in the models in Table 1 imply that the choices in the panel dataset are affected less by wattage and more by price than the hypothetical choices are. The average willingness to pay (WTP) for a decrease of 10W is $0.35 in expr-basic model and $0.08 in pnl-basic model. This is possible because in the panel data wattage information is combined with brightness information, and the preferences for the two attributes are in opposite direction in usual ranges.
Table 1. Comparison of models based on experimental data and consumer panel data
	
	expr-basic
	pnl-basic

	
	Mean
	Std.Err
	Mean
	Std.Err

	Price
	-0.165
	(0.0133) ***
	-0.1959
	(0.002) ***

	Watt
	-0.00584
	(0.000825) ***
	-0.00164
	(0.0001) ***

	Type=CFL
	0.372
	(0.0475) ***
	-0.0009
	(0.007)

	
	
	
	
	

	Observations
	7,560
	
	352,263
	

	Log-Likelihood
	-2639
	
	-2,240,755
	


The implicit discount rate we estimated from the panel data was 593%, which is close to 560% estimated for the group of subjects who were not given annual operating cost information in our earlier experiment. The other group who were given the information exhibited 100%. This can potentially imply consumers do not normally consider future energy savings at the time of purchase. Over the six years in the data set, we could observe the rate went down significantly in 2007 when the Energy Independence and Security Act (EISA) was enacted, and it came back to previous level in 2008. We also discovered that the discount rates for grocery, discount, or drug stores ranges between 630% and 870%, while those for hardware stores or warehouse clubs are between 211% and 387%. The rate for dollar store was exceptionally high, which is over 2000%. Consumers’ sensitivity to price is different. They are more sensitive in grocery, drug, and hardware stores, where they can see more wide variety of products, while less sensitive in dollar store or warehouse clubs with fewer kinds of light bulbs.
Conclusions
We draw the following policy implications from this study:
· Consumers before 2009 adopted a very high implicit discount rate and did take into account future energy savings from efficient light bulbs, which can explain low adoption rate of efficient light bulbs until then.
· Our findings suggest that consumers going to different types of stores show different behaviors. Partly because of the nature of tasks (e.g. urgent vs. regular purchase) or differences in variety of products, consumers adopt implicit discount values in very different ranges. This implies that the EISA of 2007 will affect consumers differently depending on where they used to buy light bulbs. 
· The difference in consumer characteristics depending on store types can potentially be used to diversify efforts to promote energy efficient products at those stores.
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