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Choice of heating system in California (Train 2001)
The problem set uses data on choice of heating system in California houses. The observations consist of single-family houses in California that were newly built and had central air-conditioning. The choice is among heating systems. Five types of systems are considered to have been possible:

(1) gas central, 

(2) gas room, 

(3) electric central, 

(4) electric room, 

(5) heat pump. 

There are 900 observations with the following variables in ASCII file heating.txt:

1. idcase gives the observation number (1-900)

2. depvar identifies the chosen alternative (1-5)

3. ic1 is the installation cost for a gas central system

4. ic2 is the installation cost for a gas room system

5. ic3 is the installation cost for a electric central system

6. ic4 is the installation cost for a electric room system

7. ic5 is the installation cost for a heat pump

8. oc1 is the annual operating cost for a gas central system

9. oc2 is the annual operating cost for a gas room system

10. oc3 is the annual operating cost for a electric central system

11. oc4 is the annual operating cost for a electric room system

12. oc5 is the annual operating cost for a heat pump

13. income is the annual income of the household

14. agehed is the age of the household head

15. rooms is the number of rooms in the house

16. ncostl identifies whether the house is in the northern coastal region

17. scostl identifies whether the house is in the southern coastal region

18. mountn identifies whether the house is in the mountain region

19. valley identifies whether the house is in the central valley region

Note that the attributes of the alternatives, namely, installation cost and operating cost, take a different value for each alternative. Therefore, there are 5 installation costs (one for each of the 5 systems) and 5 operating costs. To estimate the logit model, one needs data on the attributes of all the alternatives, not just the attributes for the chosen alternative. The importance of costs in the choice process (i.e., the coefficients of installation and operating costs) is determined through comparison of the costs of the chosen system with the costs of the non-chosen systems.

For these data, the costs were calculated as the amount the system would cost if it were installed in the house, given the characteristics of the house (such as size), the price of gas and electricity in the house location, and the weather conditions in the area (which determine the necessary capacity of the system and the amount it will be run.) These cost are conditional on the house having central air-conditioning. (That's why the installation cost of gas central is lower than that for gas room: the central system can use the air-conditioning ducts that have been installed.)

1. Load and Examine the data file. . Randomly split the sample in two sets: Working Set for estimation purposes and Test Set (60-40 or 70-30). 

The dependent variable is depvar, in factor mode f.depvar. In a logit model, each variable takes a different value in each alternative. So, in our case, for example, we want to know the coefficient of installation cost in the logit model of system choice. The variable installation cost in the model actually consists of five variables in the dataset: ic1, ic2, ic3, ic4 and ic5, for the installation costs of the five systems. For each variable that enters the logit model and obtains a coefficient, it is necessary to define the value of the variable for each of the alternatives. At a first glance, there are two variables to enter in the logit model. The first variable is called "ic" for installation cost. This variable consists of five variables in the dataset: ic1 in the first alternative, ic2 in the second alternative, etc. For each variable that enters the model, the user must give a name for that variable (such as "ic" or anything you want), followed by a colon, and then the name of a dataset variable for each of the alternatives (in order from first to last alternative). 

1. Run a model with installation cost and operating cost, a pure conditional model without intercept.  Discuss coefficients and statistical properties. Check observed and predicted choices for available alternatives. Use ‘heat pump’ as the reference choice.
(a) Do the estimated coefficients have the expected signs?  

(b) Are both coefficients significantly different from zero?  

(c) How closely do the average probabilities  match the shares of customers choosing each alternative?

(d) The ratio of coefficients usually provides economically meaningful information. The willingness to pay (wtp) through higher installation cost for a one-dollar reduction in operating costs is the ratio of the operating cost coefficient to the installation cost coefficient. What is the estimated wtp from this model? Is it reasonable in magnitude?  

(e) We can use the estimated wtp to obtain an estimate of the discount rate that is implied by the model of choice of operating system. The present value of the future operating costs is the discounted sum of operating costs over the life of the system: PV=sum[OC/(1+r)^t] where r is the discount rate and the sum is over t=1,...,L with L being the life of the system. As L rises, the PV approaches (1/r)OC. Therefore, for a system with a sufficiently long life (which we will assume these systems have), a one-dollar reduction in OC reduces the present value of future operating costs by (1/r). This means that if the person choosing the system were incurring the installation costs and the operating costs over the life of the system, and rationally traded-off the two at a discount rate of r, the decisionmaker's wtp for operating cost reductions would be (1/r). Given this, what value of r is implied by the estimated wtp that you calculated in part (c)? Is this reasonable?

2. Run a model with installation cost and operating cost, a pure conditional model with intercept.  Check observed and predicted choices for available alternatives. Discuss coefficients and statistical properties. Use ‘heat pump’ as the reference choice.

3. Computed with the use of a calculator which would be the model coefficient if ‘gasroom’ were chosen as the reference level. Validate your results rerunning properly model in point 3.

4. Estimate a model that imposes the constraint that r=.12 (such that wtp=8.33). Test the hypothesis that r=.12. On both U with/without specific constants for alternative.
5. Now try some models with sociodemographic variables entering.

(a) Enter installation cost divided by income, instead of installation cost.With this specification, the magnitude of the installation cost coefficient is inversely related to income, such that high income households are less concerned with installation costs than lower income households. Does dividing installation cost by income seem to make the model better or worse?

 (b) Instead of dividing installation cost by income, enter alternative-specific income effects. What do the estimates imply about the impact of income on the choice of central systems versus room system? Do these income terms enter significantly?

(c) Try other models. Determine which model you think is best from these data.

6. We now are going to consider the use of logit model for prediction: a model with installation costs, operating costs, and alternative specific constants. The program calculates the probabilities for each house explicitly and the selected choice should be inferred. Check consistency with observation probabilities. Compute the prediction error. Does the proposed model improve the predictive capacity over the simplest/naïve model that would assign ‘gascentral’ the highest probability choice to each observation? 

7. The California Energy Commission (CEC) is considering whether to offer rebates on heat pumps. The CEC wants to predict the effect of the rebates on the heating system choices of customers in California. The rebates will be set at 10% of the installation cost. The new installation cost for heat pumps will therefore be: set nic5=.90*ic5 . Using the estimated coefficients from the model in execise 6, calculate new probabilities and predicted shares using nic5 instead of ic5. How much do the rebates raise the share of houses with heat pumps?

8. Suppose a new technology is developed that provides more efficient central heating. The new technology costs $200 more than the central electric system that we have specified as our alternative 3. However, it saves 25% of the electricity, such that its operating costs are 75% of the operating costs of our alternative 3. We want to predict the potential market penetration of this technology. Note that there are now six alternatives: the original five alternatives plus this new one. Revise to calculate the probability and predict the market share (i.e., the average probability) for all six alternatives, using the model that is estimated on the original five alternatives. What is the predicted market share for the new technology? From which of the original five systems does the new technology draw the most customers?
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