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UNIVERSITY OF OSLO

DEPARTMENT OF ECONOMICS

Exam: ECON4135 - Applied statistics and econometrics, fall 2005
Date of exam:  Wednesday, December 5, 2005
Time for exam: 2:30 p.m. – 5:30 p.m.
The problem set covers 6 pages 

Resources allowed:

· All written and printed resources, as well as calculators, are allowed 

Grades given: A (best), B, C, D, E and F, with E as the weakest passing grade.

Solutions in arial font
The banking industry went through a crisis in Norway around 1990. More firms went bankrupt, and many banks lost the whole or a part of the loans given to such firms. There were also losses on personal loans, but we shall only look at loans to firms and losses on such loans.

Bank of Norway has studied data for firm bankruptcies and loss on loans in Norwegian banks to see to what extent the variation in loss on loans can be ascribed to the probabilities of firm bankruptcy. The bankruptcy probability was estimated from a firm registry by logistic regression. We shall not be concerned with how this estimation was carried out, but will only use the variable ABP which is a bank-specific weighted mean of these probabilities representing the aggregated bankruptcy probability relevant for the bank the particular year.
Banks are either business banks or savings banks in Norway, and they keep their category throughout their life. We have access to a balanced panel of yearly data on 123 savings banks and 7 business banks over the period 1988 to 2001. For anonymity reasons, the five or so largest banks were excluded from the data. Banks that went out of business in the period are also excluded. Otherwise our sample consists of the entire banking industry in Norway.

Variables
year 
bank: id for bank

spb: dummy for savings bank 

loans: total stock of loans from the bank at the beginning of the year, billion crowns (NOK)

spb_loans = spb×loans (product)

loan_losses: losses on loans, billion crowns

loss_to_loan = loan_losses / loans (division)

ABP: aggregated bankruptcy probability
year_1989: dummy for year 1989
year_1990: dummy for year 1990 
etc.
.
1. Figure 1 shows a scatter of losses on loans by size of loan for 130 banks from 1988 to 2001. Consider the regression R1 below, which also shows the Stata commands used. The Stata commands are not shown in subsequent results. What is the estimated amount of losses on loans on an extra billion crowns in the stock of loans for a business bank, and a savings bank, respectively? What is meant by robust standard errors? Do savings banks show a different relationship between loans and losses on loans from business banks? 
An increase of one unit (a billion) in loan stock results in an estimated extra loss of 0.00604 units (6 millions) for business banks and 0.00597 units (6 million) for saving banks. 
Robust standard errors give consistent estimates of standard errors also under heteroscedasticity, when the assumptions of linearity, independence and not too heavy tails in the residual distribution holds.  We clearly have larger variance in losses the larger the loan portfolio is, thus heteroscedasticity and a need for robust standard errors. Linearity seems reasonable from the plot, but one might question independence (large losses for banks one year might lead to smaller losses next year, and there is presumably positive correlation in losses across banks within year. There are also a few outlying observations around 12-15 billions of loans which might indicate rather long tails in the conditional distribution of loss given loans.  
The F-statistic reported is very small, and even if the assumptions of independence and not too heavy tails fail to some degree, there is no reason to claim an effect of bank type on the regression of loss on loans.
2. Figure 2 shows losses on loans by stock of loans for the individual year. The output R2 summarizes the variable loss_to_loan, and also shows the result of regressing this variable on the year dummies. Do the results of regression R2 agree with the pattern in Figure 2? Explain! Does it make sense to compare R-squared for the regressions R1 and R2? What would the changes have been to regressions R1 and R2 if losses and loans had been measured in millions rather than billions? 
The pattern in Figure 2 is (i) that loss/loans is close to proportional over banks within year, indicating that loss/loans is a reasonable response variable, and (ii) that  the relationship between loss and loans is steeper in the years 1989 - 1992 than later on. This matches the signs of the regression coefficients for the year dummies in R2.
The response variables are different in the two regressions, and a direct comparison of R-squares makes therefore no sense.
If loans and losses were measured in millions rather than billions, the response variable and all the regressors in R2 are unchanged and so is the whole R2 regression. For R1, the coefficients, the standard errors and also the 95% confidence intervals for spb and the constant term are multiplied by 1000, while everything else is left unchanged.
3. Banks differ in loan policy. The data allows a model with fixed effects for banks. Regression R3 gives the result of adding dummy variables for bank to the regression R2, but in a format where the large set of fixed effects for the individual banks is suppressed in the output. How many dummy variables for banks have been absorbed? Do these dummy variables improve the fit – according to adjusted R-squared?
Since there is a constant term in the model, there are 129 dummies for banks – to avoid collinearity. 
Yes, the fit is improved. In R2, 
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 while for R3, 
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4. The estimated regression coefficients and the intercept shown in R2 and R3 are identical, but not the standard errors. Explain both observations. (Hint: show that the empirical covariance between any bank dummy variable and any year dummy variable is zero.) 
Select a bank dummy 
[image: image3.wmf]b

 and a year dummy 
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 their product is 0 except for the unique data point concerning that bank that year. Thus 
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 while the bank dummy is 1 in exactly 14 data points and the year dummy in 130 data points. Their means are thus 
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.  This goes for all the year dummies, also for that for 1988 not included in the regression. The sum over all these year dummies is the constant term 1, which therefore also is uncorrelated with 
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.  Every bank dummy is consequently uncorrelated with all the terms in regression R2, and the fixed effects of banks will therefore be included in the residuals in that regression. By adding these fixed effects, the residual variation is reduced, from .00567 to .005240 (Root MSE), while the estimated coefficients remain unchanged. The standard errors should from this be reduced, but since robust standard errors are used, not exactly in the same proportion.
5. The main purpose in the research was to see to what extent the bank-specific aggregated bankruptcy probability picks up the variation in loss_to_loan across banks and time. Consider the regressions R4-R8. Note that dummies for banks were included in regressions R3 and R5 – R8. What do you make of these (and previous) results with respect to the issue at hand? 
RMSE is a natural measure of residual variation. The question is really how much of the residual variation that is picked up by ABP when it is included in the various models. A table helps to study this.
	Regression
	terms
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	RMSE

	
	null
	
	
	.00746

	R4
	ABP
	.370
	0.212
	.00662

	R2
	Year
	
	0.461
	.00567

	R7
	Year+ABP
	.078    
	0.427
	.00565

	R5
	Bank
	
	0.0529
	.00726

	R6
	Bank+ABP
	.454   
	0.3142
	.00618

	R3
	Year+Bank
	
	0.5073
	.00524

	R8
	Year+Bank+ABP
	.058 
	0.5088
	.00523


From the table, R3 and R8 compete as the best model. The RMSE is hardly changed from R3 to R8. The regression coefficient for ABP  has a small estimate, and is not very significantly different from zero. Thus, ABP explain very little variation on top of R3. Comparing R2 and R7, it is also clear that ABP explains very little variation on top of R2. But comparing R5 and R6, a substantial improvement in fit is obtained. From this we can conclude that the variation across banks is not very large, and that ABP  picks up some 15%  of the RMSE when added to model R5.
6. Saving banks and business banks might differ in their loan policy. What would happen if the dummy for savings bank, spb, was added to the regression R6?  
Since banks keep their category spb is collinear with the set of bank dummies. If, say, the reference bank is a business bank, the dummy for saving bank is the sum of dummies over saving banks. If however the reference bank is a savings bank, the dummy spb is one minus the sum of dummies over business banks. Stata would drop this dummy. Including it would render the dummy coefficients not estimable, and the fit would be unchanged.

7. Some banks went out of business during the sampling period, and some were merged with other banks, and have not been included in our sample. Discuss whether these circumstances could be of concern when measuring the effect of ABP on loss_to_loan. Another concern is the presence of measurement errors in ABP. How would these circumstances affect the validity of the results? If they inflict bias, in what direction would the bias go? Would you expect other threats to validity?
It is probably the weakest banks with the largest losses that went bust. This would cause selection bias, which makes the coefficient for ABP negatively biased. If also the weaker banks were merged with stronger and larger ones, this would also cause negative bias. 
Measurement errors cause negative bias. This might be substantial in this case. It is, however, a question whether one should consider ABP as constructed as the covariate of interest and not the “true” aggregated bankruptcy probability. In that case, there is no measurement error. 
There could certainly be omitted variables bias. Macro economic variables spring to mind. But these might help to explain the variation across years, not so much the variation due to bankruptcies. There could also be variables correlated with the loan policy of the individual bank that is omitted, and the effect of which to some extent is picked up by ABP leading to bias.
Perhaps there is a simultaneous causality problem in that losses impact on the bankruptcy probability. When there are high losses, it is probably difficult to get new loans for a firm that is in trouble, and this might cause the firm going bankrupt – with increased estimate of bankruptcy as a result. This would also cause bias in the effect of ABP, due to the effects being positive in both directions: loss_to_loan 
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 ABP the simultaneous causality bias is positive.
The above pertains to internal validity. There might also be difficulties with external validity, both for extrapolating to other economies than the Norwegian, and when extrapolating across time. The regulations and the banking culture responded to the crisis around 1990, and the situation is not quite the same as in the sampling period any more. Other countries do have other regulations and different culture than ours. So, extrapolation is difficult.
R1

. reg  loan_losses loans spb spb_loans,r

Regression with robust standard errors                 Number of obs =    1820

                                                       F(  3,  1816) =   29.46

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.2536

                                                       Root MSE      =  .04117

------------------------------------------------------------------------------

             |               Robust

 loan_losses |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

       loans |   .0060429   .0020552     2.94   0.003      .002012    .0100737

         spb |  -.0015499   .0089496    -0.17   0.863    -.0191025    .0160028

   spb_loans |  -.0000732   .0022151    -0.03   0.974    -.0044176    .0042711

       _cons |   .0031292   .0089337     0.35   0.726    -.0143922    .0206507

------------------------------------------------------------------------------

. test spb  spb_loans
 ( 1)  spb = 0

 ( 2)  spb_loans = 0

       F(  2,  1816) =    0.07

            Prob > F =    0.9353
R2

Regression with robust standard errors                 Number of obs =    1820

                                                       F( 13,  1806) =  107.59

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.4257

                                                       Root MSE      =  .00567

------------------------------------------------------------------------------

             |               Robust

loss_to_loan |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

   year_1989 |   .0030731   .0010375     2.96   0.003     .0010383    .0051078

   year_1990 |   .0018087   .0006831     2.65   0.008     .0004688    .0031485

   year_1991 |   .0026671   .0008473     3.15   0.002     .0010053    .0043290
   year_1992 |   .0032864   .0009660     3.40   0.001     .0013917    .0051810
   year_1993 |  -.0009725   .0008121    -1.20   0.231    -.0025652    .0006202

   year_1994 |  -.0070930   .0007010   -10.12   0.000    -.0084677   -.0057182

   year_1995 |  -.0077678   .0006586   -11.79   0.000    -.0090595   -.0064761

   year_1996 |  -.0090753   .0006277   -14.46   0.000    -.0103063   -.0078442

   year_1997 |  -.0092842   .0005736   -16.19   0.000    -.0104091   -.0081592

   year_1998 |  -.0082100   .0005858   -14.01   0.000    -.0093590   -.0070610
   year_1999 |  -.0073809   .0005863   -12.59   0.000    -.0085309   -.0062309

   year_2000 |  -.0070728   .0005760   -12.28   0.000    -.0082026   -.0059431

   year_2001 |  -.0070787   .0006233   -11.36   0.000    -.0083011   -.0058563

       _cons |   .0107291   .0005356    20.03   0.000     .0096785    .0117796

------------------------------------------------------------------------------

R3

Regression with robust standard errors                 Number of obs =    1820

                                                       F( 13,  1677) =  131.15

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.5458

                                                       Adj R-squared =  0.5073

                                                       Root MSE      =  .00524

------------------------------------------------------------------------------

             |               Robust

loss_to_loan |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

   year_1989 |   .0030731   .0009430     3.26   0.001     .0012236    .0049226

   year_1990 |   .0018087   .0006019     3.01   0.003     .0006282    .0029892

   year_1991 |   .0026671   .0007489     3.56   0.000     .0011982     .004136

   year_1992 |   .0032864   .0008782     3.74   0.000     .0015639    .0050089

   year_1993 |  -.0009725   .0007172    -1.36   0.175    -.0023792    .0004341

   year_1994 |  -.0070930   .0006507   -10.90   0.000    -.0083693   -.0058166

   year_1995 |  -.0077678   .0006071   -12.79   0.000    -.0089586    -.006577

   year_1996 |  -.0090753   .0005833   -15.56   0.000    -.0102193   -.0079312

   year_1997 |  -.0092842   .0005495   -16.90   0.000    -.0103619   -.0082064

   year_1998 |  -.0082100   .0005644   -14.55   0.000    -.0093170   -.0071029

   year_1999 |  -.0073809   .0005735   -12.87   0.000    -.0085057    -.006256

   year_2000 |  -.0070728   .0005663   -12.49   0.000    -.0081836   -.0059621

   year_2001 |  -.0070787   .0006095   -11.61   0.000    -.0082741   -.0058834

       _cons |   .0107291   .0004933    21.75   0.000     .0097616    .0116966

-------------+----------------------------------------------------------------

        bank |   absorbed                                     (130 categories)

R4

Regression with robust standard errors                 Number of obs =    1820

                                                       F(  1,  1818) =  296.56

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.2125

                                                       Root MSE      =  .00662

------------------------------------------------------------------------------

             |               Robust

loss_to_loan |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

         ABP |   .3705717   .0215187    17.22   0.000     .3283678    .4127757

       _cons |  -.0005002   .0003943    -1.27   0.205    -.0012736    .0002732

------------------------------------------------------------------------------

R5

Regression with robust standard errors                 Number of obs =    1820

                                                       F(  0,  1690) =       .

                                                       Prob > F      =       .

                                                       R-squared     =  0.1201

                                                       Adj R-squared =  0.0529

                                                       Root MSE      =  .00726

------------------------------------------------------------------------------

             |               Robust

loss_to_loan |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

       _cons |   .0069362   .0001702    40.76   0.000     .0066025      .00727

-------------+----------------------------------------------------------------

        bank |   absorbed                                     (130 categories)
R6
Regression with robust standard errors                 Number of obs =    1820

                                                       F(  1,  1689) =  437.78

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.3632

                                                       Adj R-squared =  0.3142

                                                       Root MSE      =  .00618

------------------------------------------------------------------------------

             |               Robust

loss_to_loan |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

         ABP |   .4541832   .0217071    20.92   0.000     .4116076    .4967588

       _cons |   -.002178   .0004051    -5.38   0.000    -.0029726   -.0013835

-------------+----------------------------------------------------------------

        bank |   absorbed                                     (130 categories)

R7
Regression with robust standard errors                 Number of obs =    1820

                                                       F( 14,  1805) =  100.86

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.4308

                                                       Root MSE      =  .00565

------------------------------------------------------------------------------

             |               Robust

loss_to_loan |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

         ABP |   .0780683    .024637     3.17   0.002     .0297482    .1263883

   year_1989 |   .0029433   .0010246     2.87   0.004     .0009338    .0049527

   year_1990 |   .0014163   .0006691     2.12   0.034     .0001040    .0027286

   year_1991 |   .0024085   .0008418     2.86   0.004     .0007575    .0040594

   year_1992 |   .0033965   .0009707     3.50   0.000     .0014928    .0053003

   year_1993 |  -.0004799   .0008529    -0.56   0.574    -.0021527    .0011928

   year_1994 |  -.0062081   .0008008    -7.75   0.000    -.0077786   -.0046376

   year_1995 |  -.0069846   .0007432    -9.40   0.000    -.0084423   -.0055270
   year_1996 |  -.0082977   .0007115   -11.66   0.000    -.0096930   -.0069023

   year_1997 |  -.0084365   .0006790   -12.42   0.000    -.0097682   -.0071047

   year_1998 |  -.0073690   .0006884   -10.70   0.000    -.0087192   -.0060188

   year_1999 |  -.0064118   .0007093    -9.04   0.000    -.0078029   -.0050206

   year_2000 |  -.0061682   .0006940    -8.89   0.000    -.0075292   -.0048072

   year_2001 |  -.0060679   .0007479    -8.11   0.000    -.0075348   -.0046010
       _cons |   .0086738   .0009172     9.46   0.000     .0068749    .0104728

------------------------------------------------------------------------------

R8
Regression with robust standard errors                 Number of obs =    1820

                                                       F( 14,  1676) =  122.31

                                                       Prob > F      =  0.0000

                                                       R-squared     =  0.5474

                                                       Adj R-squared =  0.5088

                                                       Root MSE      =  .00523

------------------------------------------------------------------------------

             |               Robust

loss_to_loan |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

         ABP |   .0580366   .0281909     2.06   0.040     .0027436    .1133296

   year_1989 |   .0029766   .0009233     3.22   0.001     .0011655    .0047876

   year_1990 |   .0015170   .0005946     2.55   0.011     .0003508    .0026832

   year_1991 |   .0024748   .0007394     3.35   0.001     .0010246    .0039251

   year_1992 |   .0033683    .000882     3.82   0.000     .0016384    .0050981

   year_1993 |  -.0006063   .0007607    -0.80   0.426    -.0020983    .0008857

   year_1994 |  -.0064351   .0007634    -8.43   0.000    -.0079324   -.0049379

   year_1995 |  -.0071856   .0007129   -10.08   0.000    -.0085838   -.0057873

   year_1996 |  -.0084972   .0006834   -12.43   0.000    -.0098375   -.0071569

   year_1997 |  -.0086540   .0006724   -12.87   0.000    -.0099728   -.0073352

   year_1998 |  -.0075848   .0006878   -11.03   0.000    -.0089339   -.0062357

   year_1999 |  -.0066604   .0007126    -9.35   0.000    -.0080581   -.0052628

   year_2000 |  -.0064003   .0007086    -9.03   0.000    -.0077901   -.0050105

   year_2001 |  -.0063273   .0007623    -8.30   0.000    -.0078225   -.0048321

       _cons |   .0092012   .0009635     9.55   0.000     .0073113    .0110910
-------------+----------------------------------------------------------------

        bank |   absorbed                                     (130 categories)
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Figure 1. Losses on loans by stock of loans (both in billion crowns) for 130 banks over the 13 years 1988 to 2001.
[image: image14.emf]0

.5

1

0

.5

1

0

.5

1

0

.5

1

0 10 20 30 40 0 10 20 30 40

0 10 20 30 40 0 10 20 30 40

1988 1989 1990 1991

1992 1993 1994 1995

1996 1997 1998 1999

2000 2001

Loss

Loans

Graphs by Aar/Year


Figure 2. Losses on loans by stock of loans for each of the years 1988 – 2001.
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