Spring 2009, 5-6-2009
Lab Six   7
Econ 240C

I. Distributed Lag Models


The construction industry has long been viewed as sensitive to interest rates and the credit market. In this exercise we will investigate the sensitivity of housing starts to nominal interest rates. The 30 year conventional mortgage rate is available at FRED, http://research.stlouisfed.org/fred/ .  from  April 1971 through April 2009. New privately owned housing units, in thousands, and seasonally adjusted, are also available at FRED from January 1959 through March 2009.  


File Menu/Open: mortghoust ( in the Lab Six Folder)



Workfile Window: Sample: 1971:04 2009:03


Workfile Window: Select: mortg houst


Workfile Menu: VIEW: • open selection




Group Window: VIEW: •  multiple graphs



Quick menu: graph:  mortg houst / scatter diagram scatter diagram



Workfile Window: Select: mortg



Workfile Menu: VIEW: • open selection




Series Window: VIEW: • line graph




Series Window: VIEW: • histogram




Series Window: VIEW: • correlogram (looks like a random walk, 




with possibility of a third order process)




Series Window: VIEW: • unit root test





• no intercept or trend, 0 lags





• intercept, 0 lags





• intercept, 1 lags





   intercept, 2 Lgs

Note: looks like a unit root is present, and mortg is evolutionary.



Workfile Window: GENR: dmortg =mortg - mortg(-1)



Workfile Window: Select: dmortg



Series Window: VIEW: • line graph




Series Window: VIEW: • histogram and stats




Series Window: VIEW: • correlogram (from the partial 





autocorrelation function, dmortg looks like an AR(2), so 




mortg would be an evolutionary AR(3)).




Series Window: VIEW: • unit root test






• no intercept or trend, 1 lag ( dmortg is stationary)



Object menu: New: Equation




Equation specification: dmortg c ar(1) ar(2) ( the constant is 





insignificant, and the roots are complex)




Equation window: View: actual, fitted, residual: graph




Equation window: View: residual tests: correlogram ( dmortg has 




been sufficiently prewhitened)




Equation window: View: residual tests: histogram (notice kurtosis)

Note: the ARMA model for dmortg(t) is:





dmorgt(t) = resid(t)





resid(t) = 0.553 resid(t-1) - 0.332 resid(t-2) + Ndm (t),

or



[ 1 - 0.553 z + 0.332 z2 ] dmortg(t) = Ndm (t),

where Ndm (t) is approximately orthogonal but kurtotic. The distributed lag model for houst is:





houst(t) = h(z) mortg(t) + residh(t), 

and differencing,





∆houst(t) = h(z) ∆mortg(t) + ∆residh(t).

Multiplying by  [ 1 - 0.553 z + 0.332 z2 ],

[ 1 - 0.553 z + 0.332 z2 ] ∆starts(t) = h(z) [ 1 - 0.553 z + 0.332 z2 ] ∆mortg(t) + 






+ [ 1 - 0.553 z + 0.332 z2 ] ∆residh(t),

and substituting for [ 1 - 0.553 z + 0.332 z2 ] ∆mortg(t):





W(t) = h(z) Ndm (t) + residw(t)
where 





W(t) = [ 1 - 0.553 z + 0.332 z2 ] ∆houst(t),





residw(t) = [ 1 - 0.553 z + 0.332 z2 ] ∆residh(t).

So we are ready to transform ∆ houst(t), and then cross-correlate W(t) and Ndm (t) to determine the lag pattern for h(z), but first we will save the residual Ndm (t) and reexamine houst(t). 



Workfile Window: GENR: resdm = resid



Workfile Window: Select: houst


Workfile Menu: VIEW: • open selection




Series Window: VIEW: • line graph




Series Window: VIEW: • correlogram (looks like at least a second 




order process)




Series Window: VIEW: • unit root test





• intercept , 1 lag

• intercept, 2 lags (looks like it is probably evolutionary in levels)



Workfile Window: GENR: dhoust = houst - houst(-1)



Workfile Window: Select: dhoust


Workfile Menu: VIEW: • open selection




Series Window: VIEW: • line graph




Series Window: VIEW: • histogram and stats




Series Window: VIEW: • correlogram (looks like a first order 




process and possibly second order, for dhoust)




Series Window: VIEW: • unit root test





• no intercept or trend, 1 lag ( dhoust is clearly stationary)



Workfile Window: GENR: w = dhoust - 0.553* dhoust(-1) + 0.332* 







dhoust(-2)



Workfile Window: Select: w



Workfile Menu: VIEW: • open selection




Series Window: VIEW: • line graph




Series Window: VIEW: • histogram and stats




Series Window: VIEW: • correlogram (looks like a second order 




process for w)




Series Window: VIEW: • unit root test





• no intercept or trend, 1 lag ( w is clearly stationary)

Note: the transformation, [ 1 - 0.553 z + 0.332 z2 ], orthogonalizes dmort, not dhoust.



Workfile Window: Select: w resdm



Workfile Menu: VIEW: • open selection




Group Window: VIEW: •  multiple graphs




Group Window: VIEW: •  correlation



Quick menu: graph:  resdm w/ scatter diagram, regression 




line ( not much of a contemporaneous correlation)




Group Window: VIEW: • cross correlation (in the graph on the 




left, w is negatively cross correlated with resdm at various 




lags, 0, 2, 11, 12? , maybe 4. We will try a regression.



Object menu: New: Equation

Equation specification: w c resdm resdm(-2)  resdm(-4) resdm(-11) resdm(-12)  ( the constant is insignificant)








Equation window: View: actual, fitted, residual: graph




Equation window: View: residual tests: correlogram (the residual is 



an AR(2) so we can add this to the model specification for 




w).




Equation window: Estimate: 
Equation specification: w c resdm resdm(-2) resdm(-4) resdm(-11) resdm(-12)  ar(1) ar(2) 

Equation window: View: residual tests: correlogram (the residual is an MA(4) and ma(13) so we can add this to the model specification for w.

Equation specification: w c resdm resdm(-2) resdm(-4) resdm(-11) resdm(-12)  ar(1) ar(2) ma(4) ma(13)
Equation window: View: residual tests: correlogram (the residual is now orthogonal) ser = 105.8  Drop resdm(-11) resdm(12)

Equation specification: w c resdm resdm(-2)  resdm(-4) ar(1) ar(2) ma(4) ma(13)
ser = 106.5, the residual is still orthogonal
( you could drop resdm(0) so the model forecasts are based on the past not the present. Re-estimate, and from the results ser = 108.0 and the residual is still orthogonal.) We will keep resdm(0) since we need to assume future values of resdm to make multi-period forecasts anyway.





Equation specification: w c resdm resdm(-2) resdm(-4) ar(1) ar(2) ma(4) ma(13)      ( the standard error of the regression is 106.5)

Equation window: View: residual tests: histogram-normality test (the residual is a little kurtotic)

Note: this estimated model is:



w(t) = -46.58 resdm(t) – 60.86 resdm(t-2)  - 42.88 resdm(t-4) + residw (t),

and  

residw (t) = - 0.986 residw (t-1) - 0.456 residw (t-2) + Nw (t) + 0.211NW(t-4)+ 0.169NW(t-13),

where Nw (t) is approximately orthogonal but kurtotic noise. Note that the roots are complex. This estimate of h(z), the impulse response function of housing starts to the mortgage rate, shows the latter to decrease housing starts by  about 155, 070 for every percentage point increase in the interest rate. This is about ten percent of the mean value of housing starts. 

With h(z) estimated, one can estimate the relationship between the change in starts and the change in the interest rate, which is easier to use for forecasting purposes, than this Box-Jenkins transfer function model,




∆houst(t) = h(z) ∆mortg(t) + ∆resids(t).



Object menu: New: Equation

Equation specification: dhoust c dmortg dmortg(-2) dmortg (-4) ar(1)
ar(2)
( the constant is insignificant)




Equation window: View: actual, fitted, residual: graph

Equation window: View: residual tests: correlogram . We could live with this model, or add an ma(13) and ma(24) terms



Note: the estimated model(without the constant and dropping the ma(13) term) is:


dhoust(t) = - 52.48 dmortg(t) – 62.53 dmortg(t-2) – 37.85 dmortg(t-4) + ∆resids(t),

where ∆resids(t) = -0.418 ∆resids(t-1) - 0.164 ∆resids(t-2)  + Ndm (t)  ,

where  Ndm (t) is approximately orthogonal , but kurtotic noise. Note the roots are complex. The forecast for the change in starts in April 2009 is: dhoust(2009.04) = - 52.48 dmortg(2009.04) – 62.53 dmortg(2009.02) – 37.85 dmortg(2008.12) -0.418 [dhoust(2009.03) + 52.48 dmortg(2009.03) + 62.53 dmortg(2009.01) + 37.85 dmortg(2008.11)] 

- 0.164[dhoust(2009.02) +52.48 dmort(2009.02)+ 62.53 dmort(2008.12) + 37.85 dmortg(2008.10)  
with a standard error of 108.3



Equation window: Forecast:





sample range for the forecast: 2009:04 2009:04





forecast name: dhoustf; method: dynamic; output: forecast 




evaluation ( the forecast for dhoust(2009.04) is 58) The standard error of this forecast is 108.3, the same as the standard error of the regression. Since starts in March of 2009 was 510, the forecast for April is 510 plus 58 , or 568. 


A univariate second order autoregressive model for the change in starts has a standard error of the regression of 113.4, so addition of the distributed lag on the change in the mortgage rate reduces the uncertainty of the forecast by about 5 %. One could investigate a distributed lag on income to see how much that would help.


To forecast beyond one period ahead, information is needed for the change in the mortgage rate. Some insight can be gained from quarterly forecasts available at the Federal Reserve Bank of Philadelphia(see Reading List for the Web Address)




