Applied Econometrics – Instrumental Variables

This exercise involves the use of Instrumental Variables to estimate the elasticity of demand for cigarettes in the US.

The data set cig_ch10.xls is detailed below. It is available on the class web page (from the programme page on the MSc. site as well as Roger’s class web pages).

the cigarette consumption panel data set

The data set consists of annual data for the 48 continental U.S. states from 1985 and 1995.  Quantity consumed is measured by annual per capita cigarette sales in packs per fiscal year, as derived from state tax collection data.  The price is the average retail cigarette price per pack during the fiscal year, including taxes.  Income is per capita income.  The general sales tax is the average tax, in cents per pack, due to the broad-based state sales tax applied to all consumption goods.  The cigarette-specific tax is the tax applied to cigarettes only. 

Data Series:

state:

State           

year:

Year       

cpi:

Consumer Price Index  (U.S.)   

pop:

state population

packpc:

number of packs per capita

income:

state personal income (total, nominal)

tax:

average state, federal, and  average local excise taxes for fiscal year

avgprs:    
average price during fiscal year, including sales taxes

taxs:  

average excise taxes for fiscal year, including tobacco taxes

Stock and Watson (chap 10) use a price deflated version of the data (and it’s not clear to which year the deflation takes place). However, as we will be using only the data for 1995 this is unnecessary. 

The first step is to remove the data for 1985.

What we are interested in is the effect of changes in the price of cigarettes in changes in the qty consumed. 

In the equation,

(1) Ln (packpc)  = a + b ln(avgprs) i.e. ln (q) = a + b ln (p)

the parameter b is the price elasticity of demand (see Chiang, Fundamental methods of mathematical Economics, p304).

So the first step is to create the variables ln(packpc) and ln(avgprs) and estimate using OLS, equation 1 above. Choose edit, new variable to create the new variables (obviously) and Tools, algebra editor to apply the transformation. 

What are the potential pitfalls of this simple approach? Think back to first year economics!

An obvious problem is that the price (avgprs) and final qty (packpc) data we have are caused by the interaction of supply and demand. Does the qty available determine price or does the price determine the qty that is sold? The later is perhaps more likely but the existence of the former may mean that the error term in regression (1) is correlated with the price. This will cause bias in the regression.

We thus require a way of breaking down the variation in price into 2 parts – the variation that is correlated with the error (A) and the variation that is not correlated with the error (B). Ideally we want to focus on B and use it in our regression. This is where the use of instruments comes in.

Consider the equation

(2) Ln (avgprs) = a + b tax

Run this regression using OLS. We have used the level of sales tax as an instrument in determining Ln (avgprs). This is relevant i.e. the correlation between price and sales tax (especially for cigarettes) is likely to be high and shows exogenity – the sales tax will affect the demand for cigarettes only through the price.

The predicted values from 2, which we’ll call predict2p are now used as a proxy for ln (avgprs). 

The instrumental variables approach is to run the regression:

(3) ln (packpc) = a + b (predict2p)

How does one run this instrumental variable regression model?

One possibility is to run 2 and create the predict2p variable from the predictions of (2) and then run regression 3. However, it is possible to do the whole process at once. In PCGive select ln(packpc) as the (first) endogenous variable, ln(avgprs) as the SECOND endogenous variable (add it to the model and change it to endogenous) , and add tax as an instrument (add it to the model and choose A:Instrument). Don’t forget to include a constant (and no lags or trends!).

Compare the results from 3 with those of 1.

Now consider the income data in the data set. Income effects demand and it is plausible that it may also affect the sales tax – high income states may generate more revenue from income tax for example and thus set lower sales taxes). If it affects the sales tax then we still have our correlation problem (from using sales tax as an instrument for price) and bias.

Thus we need to include income in the regression. Given the scaling Ln (income ) is more appropriate.

(4) ln (packpc) = a + b (predict2p) +ln(Income)

Run regression 4 (by simply adding ln(Income) as a regressor to (3)). You will need to create this new variable.

Compare the results of 3 and 4 and 1.

The theory behind all this will be explained on Friday!

