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Regressing Mortgage Delinquency Rate on Unemployment: Is Mortgage Crisis Likely to Continue?
Objective

Mortgage crisis has been a hot topic of many discussions for a while now.   Analysts have come up with many explanations for it; one of the reasons stated was that mortgages have been underwritten to people with high risk profiles.   High risk profile was identified as having poor credit and employment history.   Loans to that category of people were labelled “subprime”, and that group seems to have suffered most in the recent credit crunch.   However, “subprime” wasn’t the only loan issued in the years preceding the crisis.   Side-by-side with “subprime” borrowers, “regular” people were allowed to buy houses for more than they could afford.   One can only guess what the reasoning was behind their and the lender’s decisions.   I presume that some of those people probably thought that their employment was solid and that, given level mortgage payments, their salary raises would reach a point where they would stop being house-poor.   That’s a very positive and an optimistic view, but what happens in a recession?   Would people who become unemployed be more likely to fall behind on their mortgage payments?  In this paper, I will investigate the link between unemployment and mortgage delinquency rate.  The results will then be used to answer following question:  is mortgage crisis likely to continue given increasing unemployment rate? 

Data

For this project, I collected data from the following sources:
Unemployment data:

Source: Bureau of Labor Statistics.

Labor Force Statistics for years 1970 to 2008 came from the Current Population Survey.   To come up with the annual unemployment rate, I used average of monthly seasonally adjusted unemployment rate for persons 16 years of age and older.  
Unemployment data can be found on <UnemplData> tab of the attached workbook.

Delinquency and Foreclosures data: 

Data for years 1970 to 1999 was found on the following website:

http://www.allcountries.org/uscensus/814_mortgage_delinquency_and_foreclosure_rates.html
In my search for the data for years beyond 1999, I found quarterly data for some of the years on Mortgage Bankers Association of America reports, randomly posted by some users on the internet.   Unfortunately, I could not use Mortgage Bankers Association of America reports directly, as the price they charge for they National Delinquency Survey is outside of my range of affordability.  This is too bad, as it would make my analysis a lot more exciting if I were able to narrow it down to specific geographic areas.   
I derived data for year 2002 to 2008 using annual average of quarterly figures for loans delinquent 30 days or more using MBAA surveys.  
Delinquency and foreclosure data from the above sources can be found on <DelinqsData > tab of the attached workbook

Given the absence of data for years 2000 and 2001, I decided to split the data into two parts: data used for model calibration will be from 1970 to 1999 and data used for the ex post forecast will be 2002 to 2008.   I will also attempt to produce ex ante forecast for year 2009 using first quarter unemployment data available for Q1 2009.  
Data Analysis

Next, I graphed data designated for model calibration for visual examination:
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Unemployment rate seems to have spiked up and down a lot, while delinquency rate appears relatively smooth:
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This notion is supported by comparing sample variances of the two rates (I used sample variance because my data does not represent the entire population):

Sample Variance (DR) = 0.42, where DR is Delinquency Rate


Sample Variance (UR) = 1.89, where UR is Unemployment Rate

Even though unemployment rate is a lot more volatile, one can see that its general trend is very similar to the delinquency rate.  In addition to comparing these two trends, I decided to investigate whether delinquency rate would regress better on the unemployment rate with one year lag.  Intuitively, his would make sense: it is likely that, when become unemployed, people use their savings or unemployment insurance to keep up with their debt obligations before running out of funds and becoming delinquent.    
To analyse and measure effect that unemployment has on mortgage delinquency rates, I will take following steps:

i. Regress delinquency rates against unemployment rate with no lag

ii. Regress delinquency rates against unemployment rate with one year lag
iii. Assess each model’s fit and appropriateness for intended use. 

iv. Compare regression fit between models with and without lag.
v. Using best-fit model, predict delinquency rates using unconditional ex post forecast and conditional ex ante forecast
Regression

Suppose that delinquency rates are linearly related to unemployment rate as represented by following equation:


DR(t) = α + β*UR(t) + ε(t)

Where:

DR: Delinquency Rate

UP: Unemployment Rate

Error term represents variance in delinquency rates that cannot be explained by unemployment rate:  people may pay late for reasons other than being unemployed.
I will test the null hypothesis that no relation exists between unemployment rate and rate of delinquent payments.  
Using Data Analysis add-in for Excel to perform the regression analysis, the regression model of delinquent to unemployment rate with no time lag is as follows:

DP = 2.74+ 0.29UR
The observed regression statistics was as follows:

	Regression Statistics
	No Lag

	R Square
	0.39

	Adjusted R Square
	0.36

	t(α)
	5.996

	t(β)
	4.188

	F
	17.54


I find that value of R Squared is sufficiently high, and t-values for both coefficients are higher than the critical t-values at the 95% level (for 28 degrees of freedom).  Therefore, the null hypothesis that no relation exists between unemployment rate and rate of delinquent payments can be safely rejected.

Next, I revised my model as follows: 

DR(t) = α + β*UR(t-1) + ε(t)

This model represents one year lag in unemployment rate. This way, delinquency rate in the year 1971 corresponds to unemployment rate in year 1970, and so forth.   Doing so, we lose one data point (delinquency rate for 1970, since no unemployment data for 1969 was considered). The resulting regression model with one year time lag is as follows:

DP = 2.84+ 0.28UR
The observed regression statistics was as follows:

	Regression Statistics
	1Yr Lag

	R Square
	0.40

	Adjusted R Square
	0.38

	t(α)
	6.467

	t(β)
	4.225

	F
	17.85


I find that, since nearly 40% of variation in delinquency rates can be explained by unemployment and since t-values for both coefficients are higher then the critical t-values at the 95% level (for 27 degrees of freedom), the null hypothesis that no relation exists between unemployment rate and rate of delinquent payments can be rejected.

Please note that, as expected for a two-variable regression, the F statistic is square of t(β) in both models.

Comparing two regression models’ fits, it is evident that regression model with one year lag on unemployment rates provides better fit  for the delinquency rates.  
The residual plot produced by the add-in shows no clear residual trend (for the model with one-year lag): the residuals seem to be randomly distributed around the line of error=0.  
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I calculated mean of residuals to be 1.38E-14, which is reasonably close to zero.   The error term also has constant variance for all observations: E (ε2) = σ² = 0.2038, i.e. errors are homoscedastic. 

So far, the model satisfies 4 of the specifications of the two-variable classical linear regression model: 

1. The relationship between delinquency rate and unemployment rate is linear
2. The unemployment rate variables are nonstochastic – their values are fixed

3. The error term has zero expected value: E (ε) = 0

4. The error term has constant variance for all observations E (ε2) = σ² = 0.2038

However, looking at the line-fit plot of delinquency rates to unemployment rate (with one-year lag) I spotted that positive errors in one period tend to be associated with  positive errors in the next period (and negative errors with negative), implying that positive serial correlation may be present:
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I will now test the null hypothesis that no serial correlation between error terms is present using Durbin-Watson statistic.  Since DW statistics cannot be used if the regression contains a lagged dependent variable (as in our case), I will examine error relations of the model with no lag for the illustration purpose.  Of course, I could look at the DW statistic for the model with lagged endogenous variable as an indication of serial correlation (if it turned out to be low), but this approach was proved biased.
  

The calculations can be found in the tab <UnemplDelinc> and are presented by the table below:
	Observation
	Predicted Delinquency Rate
	Residuals
	ε(t)-ε(t -1)
	ε(t)2
	(ε(t)-ε(t -1))2

	1
	4.194493
	-1.06449287
	
	1.133145
	0

	2
	4.47763
	-0.97762978
	0.086863
	0.95576
	0.007545198

	3
	4.375467
	-0.67546698
	0.302163
	0.456256
	0.091302358

	4
	4.159466
	-0.05946563
	0.616001
	0.003536
	0.379457662

	5
	4.387143
	-0.18714273
	-0.12768
	0.035022
	0.016301441

	6
	5.216121
	-0.81612088
	-0.62898
	0.666053
	0.395613513

	7
	4.988444
	-0.38844378
	0.427677
	0.150889
	0.1829077

	8
	4.798713
	-0.29871286
	0.089731
	0.089229
	0.008051637

	9
	4.512657
	0.08734298
	0.386056
	0.007629
	0.149039112

	10
	4.44844
	0.15155959
	0.064217
	0.02297
	0.004123774

	11
	4.836659
	0.16334095
	0.011781
	0.02668
	0.0001388

	12
	4.965092
	0.33490772
	0.171567
	0.112163
	0.029435155

	13
	5.57515
	-0.07515014
	-0.41006
	0.005648
	0.168147451

	14
	5.543042
	0.05695816
	0.132108
	0.003244
	0.017452605

	15
	4.932984
	0.76701603
	0.710058
	0.588314
	0.50418217

	16
	4.839578
	0.96042202
	0.193406
	0.92241
	0.037405876

	17
	4.784118
	0.81588182
	-0.14454
	0.665663
	0.020891868

	18
	4.544765
	0.45523467
	-0.36065
	0.207239
	0.13006637

	19
	4.343359
	0.45664133
	0.001407
	0.208521
	1.9787E-06

	20
	4.276223
	0.52377689
	0.067136
	0.274342
	0.004507183

	21
	4.381305
	0.31869515
	-0.20508
	0.101567
	0.042058519

	22
	4.740334
	0.25966588
	-0.05903
	0.067426
	0.003484455

	23
	4.927146
	-0.3271461
	-0.58681
	0.107025
	0.344348297

	24
	4.757848
	-0.55784774
	-0.2307
	0.311194
	0.053223249

	25
	4.521414
	-0.42141383
	0.136434
	0.17759
	0.018614211

	26
	4.372548
	-0.07254804
	0.348866
	0.005263
	0.121707343

	27
	4.320007
	-0.02000717
	0.052541
	0.0004
	0.002760543

	28
	4.182817
	0.11718287
	0.13719
	0.013732
	0.018821109

	29
	4.054384
	0.34561611
	0.228433
	0.11945
	0.052181743

	30
	3.972654
	0.12734635
	-0.21827
	0.016217
	0.047641688


Calculated Durbin-Watson statistic is 0.45, which is lower than the lower limit dl   (dl =1.28 for N=30 observations and k=2 (1 for unemployment variable and 1 for the constant term)).  Therefore, the null hypothesis of no serial correlation between error terms is rejected at 95% confidence level.  Furthermore, I conclude that my no-lag regression model is not successful in explaining the delinquency rates because of the likely high degree of error term correlation over time (due to the cumulative effects of the omitted variables).  This is not a surprise, since only 40% of variation in the delinquency rates was explained by unemployment rate. 
Forecasts

Unconditional ex post forecast was performed for data points from 2002 to 2008.   Forecast for 2009 will be ex ante, and it will be conditional on the true value of unemployment rate for 2009.  Given high current unemployment rate, I assumed that the unemployment rate will be at least as high for the reminder of the year.  The forecast for 2009 is conditional, since the value of unemployment rate for 2009 was estimated as well.
This produces the following plot:
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Conclusions

It seems that the regression model with one year lag does a fair job of predicting delinquency rates. Based on this analysis, I conclude that mortgage crisis is likely to continue for as long as unemployment keeps rising.
� Pindyck, Rubinfeild, “Econometric Models and Economic Forecasts”, p. 169, 4th ed.





