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Abstract

The paper employs monthly data to test alternative hypotheses for the causes of the large increase
and subsequent decline in U.S. housing prices during the 2000-2010 decade. The empirical evi-
dence using VAR modeling is consistent with the hypothesis that Federal Reserve interest rate
policy was a cause of the movements in housing prices. In addition, federal fiscal policy and inter-
est rates on adjustable-rate mortgages are found to be associated with housing prices. On the oth-
er hand, the interest rate on standard 30-year mortgages and a measure of net capital flows from
abroad were not related to housing prices. Foreclosure rates were also important. The study finds
that foreclosures and housing prices interacted: more foreclosures produced lower housing prices
and lower housing prices generated more foreclosures.
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1. Introduction

The owner-occupied residence is an important element in portfolio of the average household. The traditional fi-
nancial justifications for home ownership are that the household can take advantage of the income tax provisions
that permit deductions for interest and property taxes, paying down the home loan is a form of forced saving that
builds wealth, and ownership is a good hedge against inflation. Indeed, Kain and Quigley [1] pointed out that
restrictions on home ownership faced by minority households put them at a severe financial disadvantage. The
sharp up and down movements in housing prices in the past 15 years have called the financial advantage of
home ownership into question. A study by Pfeffer as reported by Bernasek [2] found that the real wealth of the
median household (2013 dollars) fell from $87,992 in 2003 to $56,355 in 2013, largely because of the decline in
housing prices.
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Hypothesized causes of the housing price bubble that led to the financial crisis and deep recession of 2007-
2009 fall into four categories. One blames the financial system with its unsound lending practices, complex
mortgage-backed securities, and the shadow banking system that relied heavily on high degrees of financial le-
verage and short-term borrowing. Another places blame on the federal government and the Federal Reserve
Bank through aggressive deregulation (and failure to implement existing regulations), monetary policy that held
the federal funds rate at very low levels during the critical years of 2001-2004, and aggressive policies to in-
crease home ownership. A third view points to a flood of capital from abroad that resulted from a large trade
deficit, and the fourth simply blames a classic asset price bubble (and inevitable crash) that is thought to have
begun in the late 1990s. Each of these points of view has its adherents. Nearly all observers agree that the un-
sound financial system played a major role. However, those who place primary blame on the asset price bubble
thought that the unsound practices of the financial system were a reaction to the asset price bubble, not the cause.
Nobel-laureate Robert Shiller [3] is the most prominent member of this group, but he agreed that the interest rate
policy of the Fed and the unsound practices of the financial system enhanced the housing price bubble. Taylor [4]
laid much responsibility on federal policy, especially the failure to follow the Taylor Rule in setting the federal
funds rate. McDonald and Stokes [5] [6] conducted empirical studies using monthly data and found that the fed-
eral funds rate was a cause of the housing price bubble.

Former officials of the Federal Reserve believed that monetary policy played little or no role in creating and
sustaining the housing price bubble. Former Chairman of the Federal Reserve Benjamin Bernanke ([7], p. 52)
stated, “...the evidence | have seen suggests that monetary policy did not play an important role in raising house
prices during the upswing.” He based his view in part on a study by Dokko, et al. [8], and cited four reasons:
comparisons with other nations showed that their housing price bubbles occurred with tighter monetary policies;
changes in interest rates that were small in comparison to the increases in housing prices; capital inflows from
emerging-market nations in search of safe investments; and (in agreement with Shiller) the fact that the price
bubble may have begun before the sharp reduction in the federal funds rate. Former Vice Chair Alan Blinder
([9], p. 38-39) agreed with Chairman Bernanke’s points, and added that the housing price bubble continued for
two years after the Federal Reserve began to increase the federal funds rate in June 2004. And former Chairman
Alan Greenspan [10] looked at the data for 2002-2005 and concluded that long-term rates started to fall six
months before the Fed began to lower the federal funds rate in 2001, and long-term rates continued to fall after
the Fed began to raise the federal funds rate in 2004. Greenspan ([10], p. 237) stated, “But the fixed-rate mort-
gage clearly delinked from the federal funds rate in the early part of this century. The correlation between them
fell to an insignificant 0.10 during 2002-2005, the period when the bubble was most intense, and as a conse-
quence, the funds rate exhibited little, if any, influence on home prices.” Time-series analysis for a longer time
period by McDonald and Stokes [11] showed that the interest rate on the standard 30-year mortgage was driven
by the federal funds rate, and that this mortgage rate was not a cause of the housing price bubble.

Richard Grossman [12] added a fifth hypothesis-fiscal policy. He pointed out ([12], p. 141), “The business
cycle expansion that began in 2001 was given a substantial boost by a series of three tax cuts during the first
three years of the administration of President George W. Bush.” Tax rates were reduced in all brackets, taxes
were cut for capital gains and some dividends, and a variety of exemptions, deductions, and credits were in-
creased. On the expenditure side, the wars in Afghanistan and Iraq added significantly to spending by the De-
partment of Defense. Grossman agreed that unsound financial practices by the private sector and by Fannie Mae
and Freddie Mac shared in the blame, but concluded ([12], p. 151), “Nevertheless, the bulk of the blame for the
crisis must be assigned to the Bush administration’s fiscal policy and the Greenspan Fed’s monetary policy.”
Grossman believed that these policies were driven by ideology rather than by careful analysis.

Some of these ideas can be tested using monthly data. The purpose of this paper is to expand our earlier tests
to include fiscal policy, the interest rate on adjustable-rate mortgages (as an indicator of loose lending practices),
and net flows of capital from abroad. The models of housing prices in this paper also include the federal funds
rate, the foreclosure rate, the unemployment rate, and the interest rate on the standard 30-year mortgage. As such,
this study provides a reasonably complete test of alternative hypotheses.

In the present paper, it is argued that the variable rate mortgage, not the 30-year mortgage rate, may be the
appropriate variable to use in the analysis. Buyers wishing to profit by the increases in housing prices in the pre-
2007 period most likely would be expected to hold their property for a relatively short period, and thus might
have been interested in a variable rate mortgage because of the lower up-front costs rather than a fixed 30-year
mortgage. When the housing prices started to get soft, and a quick turn over of the property was not realized, the
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owner would have been put in further financial stress when the adjustable mortgage rate moved up. These fac-
tors suggest the variable rate mortgage should be considered in place of the more traditional 30-year mortgage
rate. For example, Zandi ([13], p. 38) showed that 91% of subprime mortgages securitized in 2006 were adjust-
able rate loans. A majority of these loans (51%) were no-doc or low-doc loans. Alt-A loans that were securitized
were 69% adjustable rate loans and 82% were no-doc or low-doc. These are the loans that were most likely to
default and lead to foreclosures and large declines in the values of mortgage-backed securities. See Jiang, et al.
[14] for an analysis of low-doc loans and delinquency. Other variables missing from prior models include con-
trolling for fiscal policy (using the federal deficit as a proxy) and a measure of the net capital inflow, as meas-
ured by the Treasury Department TIC data. Both these latter variables are postulated to have a possible effect on
aggregate demand in the housing market and can be thought of as controls that are needed to be added to the
analysis so that the coefficients on the interest rate variables are not impacted by a possible omitted variable bias.
The TIC data include net acquisitions of financial assets, but do not include direct purchases of physical assets.
A description of the data is provided in the next section, which is followed by a review of previous research and
models to be estimated. The empirical results are presented next, and the final section concludes.

2. Data

The study employs monthly data from January 2000 to August 2010. The housing price series is the S&P/Case-
Shiller ten-city composite index. The nominal price index (not adjusted for inflation) is used because borrowers
took the loans in nominal terms and defaulted in nominal terms. The federal funds rate is the actual rate recorded
on the last Friday of the month in question. The fiscal policy variable is the federal government deficit for the
month as provided by the U.S. Department of the Treasury. The unemployment rate for the month is from the
U.S. Bureau of Labor Statistics. The Zillow foreclosure rate for the nation is a weighted average of the current
and past two months for the percentage of all homes foreclosed on in the given month (with the heaviest weight
on the most recent month). Foreclosures include those sold at a sheriff’s sale or forfeited to the bank. The study
includes the interest rate on standard fixed payment 30-year mortgages provided by the Federal Home Loan
Bank. In addition, the initial interest rate on one-year adjustable rate mortgages as provided by the Freddie Mac
Primary Mortgage Market Survey is employed to capture conditions in the newer, non-standard portion of the
mortgage market. The net international capital flow variable is provided by the monthly U.S. Department of the
Treasury TIC survey.

Table 1 lists variable means for the raw and logged values of the monthly data on the variables used in this

Table 1. Data description for period 2000/1 to 2010/8.

Name Description Mean SD Min Max DF
CSXR Case-Shiller 166.84 38.127 100 226.29 —2.0786
FF_RATE Federal Funds 2.76 2.057 0.05 6.6 —2.9589
MORT30 30 Year Mortgage 6.185 0.724 4.67 7.63 —0.9999
FOR_US Foreclosure Rate 0.036 0.031 0.011 0.104 1.0991
UNEMP Unemployment 5.798 1.721 3.8 10 -1.7074
ARM_RATE Var. Rate Mort. 4.995 0.98 341 7.29 —2.6348
DEFICIT Gov. Deficit 34.546 77.186 —189.797 220.909 —1.1944
CAP_FLO Net Capital Flow 474978 619.792 —1530.35 2729.38 —3.0752
LN_FFR log(FF_Rate) 0.513 1.248 ~2.996 1.887 -1.2216
LN _CSXR log(CSXR) 5.09 0.236 4,605 5.422 ~1.9096
LN_MORT30 log(MORT30) 1.815 0.118 1.541 2.032 -0.6086
LN_FOR_US log(FOR_US) -3.644 0.771 -4.547 -2.265 0.0768
LN_UNEMP log(UNEMP) 1.721 0.262 1.335 2.303 —2.0263
LN_ARM log(ARM_Rate) 1.59 0.192 1.227 1.987 -2.0894

Notes: For further data information see text. DF is the augmented Dickey Fuller t-test with an intercept and fixed lag = 7. Critical values for 99%, 95%
and 90% are respectively —3.485, —2.885 and —2.579. The series CURR_ACT and DEFICT have been scaled by 100 and 1000 respectively.
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study. In addition to mean, standard deviation and maximum/minimum values, Dickey-Fuller unit root tests are
reported. If series cannot reject a unit root, yet the residuals of a vector auto-regression (VAR) model do not
contain a unit root, the series in the model can be thought of as co-integrated. The new capital inflow variable
proved not to be significant in any model and has been reported in only one set of results in this paper. Note that
the mean for the federal funds rate is 2.76 percent, compared to 6.19 percent for the 30-year mortgage and 4.99
percent for the one-year adjustable rate mortgage. The mean monthly deficit for the federal government is $34.5
billion. The mean of the foreclosure rate is 0.036 percent, a small number. But recall that this refers to the fo-
reclosures for just a month. And note that the minimum and maximum values for this variable are 0.011 and
0.104, a change of almost ten times!

Plots of the variables are presented in Figure 1. The S&P Case-Shiller home price index starts at 100 in Janu-
ary 2000, rises to 226.29 in 2006, and falls to the 160 neighborhood in 2009.

3. Discussion of Prior Research, Questions to Be Addressed and Models Used

McDonald-Stokes [5], which was published on-line June 18, 2011, presented evidence that the Federal Reserve
federal funds rate policy had an impact on the housing bubble as measured by the S&P/Case-Shiller housing
price index. The study employed VAR modeling techniques using monthly data for the United States together
with disaggregate models for 20 individual metro areas in the period 1987 to 2010/8. The analysis used two se-
ries, the log S&P/Case-Shiller housing price series and the log federal funds rate since that was the channel
suggested by Bernanke-Binder [15]. McDonald-Stokes [6], responding to suggestions on that paper, added the
log 30-year mortgage rate, the log foreclosure rate and the log unemployment rate and again found that the
shocks to the federal funds rate continued to be causally prior to movements to the S&P/Case-Shiller housing
price series. In this model, shocks to the log 30-year mortgage rates did not map to the log housing price series.
Positive shocks to the log unemployment rate and the log foreclosure rate did in fact have negative effects on the
log housing price as would be suggested by theory. An important finding of the paper was that the effect of
shocks in the log federal funds rate continued to have a significant effect on the log housing price series with the
addition of these controls for alternative channels of influence.

McDonald-Stokes [16] used both aggregate and disaggregate data for 20 metro areas to estimate a model
testing the effect of both the log federal funds rate and the foreclosure rate on the log housing price series using
all level and difference models. The difference models were estimated to remove the low frequency information
in the series and focused more on the higher frequencies. The addition of the foreclosure rate did not alter the
findings concerning the effect of the federal funds rate on the log housing price series found in the McDonald-

Plots of Raw Data Series
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Figure 1. Plots of the series.
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Stokes [5] [6]. The foreclosure rate was found to interact with housing prices: a larger foreclosure rate led to
lower housing prices, and lower housing prices produced a greater foreclosure rate.

Miles [17] took issue with the McDonald-Stokes’ [5] finding that shocks in federal funds were causally prior
to logs of the housing price series. In Miles’ view, the shocks to the 30-year mortgage rate were what impacted
the Case-Shiller price series. A major limitation of Miles’ model specification was that, when modeling the ef-
fect on the log housing price of lags of the 30-year mortgage rate, he neglected to control for lags of the log
housing price on the right-hand side of the equation. As specified, he was not estimating Granger [18] causality.
McDonald-Stokes [11] investigated his claim in a number of ways. First they used a VAR model, not a distri-
buted lag model. Next they investigated whether smoothing the series using the Christiano and Fitzgerald [19]
filter, which Miles suggested, or the alternative Hodrick-Prescott [20] filter to remove low frequency (long run)
information would significantly impact the results. McDonald-Stokes [11] found that the results differed pend-
ing on whether filtered data or non-filtered data were used, depending on the number of lags in the VAR, and
most importantly, whether lags of the left-hand side variable were in the model on the right-hand side. Miles’
results could be replicated only when using his functional form that did not have lags of the left-hand side varia-
ble on the right.

The VAR model is the basic research tool used in this paper. Its essence can be seen by assuming a three va-
riable system [X,,X,,Y,] Where y, is the focus variable. The VAR model estimates

Xl[ ell
D(B)| X, |=| &y 1)
yt e3t

which can be written as

$:(B) 42(B) a(B) || x| [ex
P ( B) b ( B) Prs ( B) Xo |=| €2 )
$4.(B) ¢,(B) ¢5(B)] v, €3

Granger causality from x, to vy, implies that ¢, (B) #0 where ¢, (B) is a polynomial in the lag opera-
tor B with m termswhere B*x, =X, , . Equation 2 allows for feedback, which is not possible in an OLS or

distributed lag model. A VAR model can be transformed to a VMA model, given CD(B) is invertible, or

Xll elt
Xy |=O(B)| &y ©))
yt e3t

where ©(B)= [CD(B)TI. The terms in ©(B) measure the dynamic responses of each of the potentially en-
dogenous variables to a shock to the system. Equation 3 can be expanded to

X | [61(B) 0,(B) 6(B)] ey
X |= 921(8) ‘922(8) ‘923(8) €yt (4)
Yi 05 ( B) 05 (B) Oss (B) €

Define T as the covariance of the innovations [€x,€0:85 ] . Off diagonal terms are consistent with zero pe-
riod relationships between the variables. To identify the model, restrictions need to be placed on X . In the cur-
rent paper the usual Choleski decomposition has been used to othogonalize S =FF’ where F is lower trian-
gular with positive elements on the diagonal. The Choleski decomposition imposes a semi-structural interpreta-
tion on the estimated model by transforming ®(B) , the VMA form of the model, and thus identifies the model,
given the ordering of the variables. As discussed by Enders ([21], p. 292), in the Choleski decompoasition it is
assumed that an innovation in one variable does not have a contemporaneous effect on the other variables. If =
was close to a diagonal matrix initially, which would be the case when there was no contemporaneous relation-
ship between the residuals, the Choleski transformation would not be as important. The ordering of the variables
might make a difference if £ is not diagonal. This possibility was tested and found to make no difference in
the nature of the results. The order of the variables used in the reported results is based on past find-
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ings—interest rates first, foreclosure rate next, followed by the unemployment rate, the federal deficit, capital
inflow, and the lagged value of the housing price variable.

Significance bounds on the VMA coefficients can be obtained using Monte Carlo integration. Rats software
Pro version 8.3 routine @mcgraphirf, Doan ([22], p. 495), is used to calculate using Monte Carlo integration 95%
bounds for @, (B) for all the nine possible cases of the sample 3 variable VAR model. Sims and Zha [23] pro-
vide a detailed discussion of alternative methods for obtaining VMA coefficient bounds. An advantage of their
suggested method, which has been used in this research, is that the estimated confidence bounds of the VMA
form of the model are not assumed to be symmetric, as would be the case if bootstrap methods were attempted.
An additional advantage of Monte Carlo integration is that it does not suffer from bias amplification that can
occur with bootstrap methods, as noted by Sims and Zha ([23], p. 1125).

In general, the number of lags in the VAR model m is not the number of lags in 6, (B) which we will call
g. In the results reported later, both m=7 and q=20 were used. The lag length m was selected using
both the M-statistic suggested by Tiao-Box [24] and inspection of the cross correlations. B34S version 8.11F
was been used to calculate these tests reported in the paper. As an example to aid interpretation, if x, is the
log of the federal funds rate, x,, is the 30-year mortgage rate and vy, is the log of the housing price series, the
term 6, ( B) , suitably transformed by the Choleski factorization, measures the effect of shocks in the log feder-
al funds market on the log housing price and 6, (B) measures the effect of shocks in the mortgage market on
the log housing price index. If 6, (B):O for i+ j, then each endogenous variable is not impacted from
shocks coming from the other endogenous variables. In addition of graphs of impulse response function terms
0; (B) the variance of the focus variable, the log housing price can be decomposed to assess the effect of
shocks from the other series by lag length.

4. Empirical Results

The spectrums of the raw and differenced series are shown in Figure 2. The effect of differencing on removing
the low frequencies in the series is shown clearly. Such a transformation will remove any unit root information
but changes the interpretation of any estimated model. If all effects among the series are not at the long run (low
frequency range), such a transformation will not impact the results.

Table 2 shows Granger [18] tests for three models. The first contained the log of the 30 year mortgage series;
in model 2 the log of the adjustable rate series replaces the 30-year mortgage rate. All series were differenced in
model 3 to remove the low frequency information. Note first that the log federal funds rate is highly significant
in all models with significance values of 0.9968, 0.9984 and 0.9985. In model 1 the log 30-year mortgage rate is

Spectrums of raw and differenced series
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Figure 2. Spectrums of the raw and differenced series.



J. F. McDonald, H. H. Stokes

Table 2. Granger causality tests of three VAR(7) models predicting log Case-Shiller price series.

Model 1 Model 2 Model 3 (First Difference of Model 2)
LN_CSXR 12364.4 (1.000) 12384.30 (1.000) 110.456 (1.000)

LN_FFR 3.3991 (0.9968) 3.7322 (0.9984) 3.7669 (0.9985)
LN_For_US 2.7087 (0.9856) 2.5714 (0.9806) 1.2564 (0.7168)
LN_UNEMP 1.8042 (0.9081) 2.4178 (0.9729) 1.8233 (0.9053)

DEFICIT 0.9944 (0.5582) 1.1619 (0.6656) 1.6930 (0.8769)

LN_MORT30 0.7084 (0.3351)
LOG_ARM 2.2569 (0.9618) 2.4997 (0.9772)

Notes: Only the results for the equation predicting the log Case-Shiller Series are shown. Seven lags were used in the VAR. Model 1 uses the
Log_Mort30 variable. Model 2 uses the Log ARM rate variable. Model 3 is the same as Model 2 except all series have been differenced. See Table 1
for variable descriptions. The top number is the F(7,78) test statistic for Models 1 and 2. For Model 3 it is F(7,77). The value in () is the significance.

not significant. However, in model 2 and model 3 with the log of the adjustable rate mortgage included in raw
(model 2) and differenced (model 3) form, the significance for the mortgage rate variable rises from the 0.3351
found with model 1 to 0.9618 and 0.9772 respectively. This is an important finding that supports the theoretical
conjecture that the adjustable rate mortgage, not the 30-year mortgage rate, was the important variable. The sig-
nificance of the log federal funds rate indicates that the mortgage rate was not the only rate to consider. The
deficit is not significant in any of the models considered. The log foreclosure is significant in models 1 and 2,
with values of 0.9856 and 0.9806 respectively that includes long run influences, but is not significant when the
long run (low frequency) effects are removed by differencing in model 3, where it falls to 0.7168. The log un-
employment variable is significant in model 2 at 0.9729. However, this significance falls to 0.9053 when we
remove the long run (low frequency) information from the data series in model 3.

In order to determine the effect of the capital flow variable on the results, an expanded model 3 including the
capital flow variable was estimated over a consistent dataset with 7 observations dropped. Note that unlike mod-
el 3, the deficit variable is not differenced preserving the low frequency information. The results are shown in
Table 3. Note that the difference in the federal funds rate is highly significant. The difference in the adjustable
rate mortgage is significant at 0.95 for lags 4 - 6, falling to 0.94 when the expanded model used 7 lags. Unlike
models 1 - 3, the deficit is always significant, and the capital flow variable is not significant.

Figure 3 shows graphically the impulse response functions for model 1. The bottom row displays the res-
ponses of the Case-Shiller housing prices; the log of the federal funds rate is significant, the log 30-year mort-
gage rate is not significant, and the foreclosure rate and unemployment rate are significant. The federal deficit is
not significant. The 30-year mortgage rate was affected positively by shocks to the federal funds rate, and by its
own prior shocks. The response of the housing price to itself is strongly positive and significant, controlling for
all of the variables in the model. This finding is suggestive (but not conclusive evidence) of a housing price
bubble. Housing prices had significant effects on the federal funds rate and the foreclosure rate. Evidently the
Federal Reserve did respond to high housing prices by increasing the federal funds rate, as shown in Figure 1.
The results for housing prices and the foreclosure rate demonstrate the interaction between these two variables.
The variance composition of this model listed in Table 4 shows that the effect of the federal funds rate in gener-
al has an impact after 10 months. The effect of the foreclosure rate increases continuously.

Impulse response functions for model 2 are displayed in Figure 4. In this model the rate on the one-year rate
on adjustable-rate mortgages replaces the rate for the 30-year mortgage. The significant effect of the adjustable
mortgage rate in model 2 is clear. The adjustable mortgage rate starts impacting housing prices in period 1, and
this interest rate is not affected by shocks to the federal funds rate (in contrast to the 30-year mortgage rate). The
adjustable rate mortgage variable is adding new information not provided by the 30-year mortgage variable. In
model 2 the federal deficit variable almost reaches significance. As in model 1, the effects of shocks to the
housing price variable are found to affect the federal funds rate and the foreclosure rate. The variance decompo-
sition of this model shows the relative effects. Both the federal funds rate and the foreclosure rate variables are
significant in model 2. The variance decomposition for model 2 in Table 5 shows that effects of the federal
funds rate and the ARM rate occur within a few months after their shocks.

()
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Table 3. Granger tests for expanded 7 variable housing price model for lags 4 to 7.

Lags 4 Lags 5 Lags 6 Lags 7

Dif(LN_FFR) 0.989059 0.997965 0.991327 0.991803

Dif(LN_ARM) 0.950535 0.950095 0.950309 0.936668

LN_FOR_US 0.99883 0.998257 0.956714 0.669739

Dif(UNEMP) 0.889812 0.925502 0.746307 0.717886

DEFICIT 0.995914 0.995364 0.96595 0.945185

Capital Flow 0.266568 0.341032 0.227644 0.0611863
Dif(LN_CSXR) 1 1 1 1

Table 4. Variance decomposition for model 1 (Decomposition of variance for series LN_CSXR).

Step Std Error LN FFR LN_MORT30 LN FOR US LN _UNEMP DEFICIT  LN_CSXR
1 0.00200801 2.247 4.708 2534 0.405 0.670 89.436
2 0.00484534 4.826 5.764 4572 0.092 0.116 84.629
3 0.00847372 6.633 5.704 6.855 0.198 0.070 80.540
4 0.01208125 9.839 4792 7.504 0.405 0.039 77.422
5 0.01536587 10.747 3.754 8.740 0.941 0.024 75.793
6 0.01797058 9.412 2.859 10.326 2.019 0.197 75.187
7 0.02038553 7.337 2.222 13.970 3.069 0.889 72512
8 0.02306281 6.983 1.758 19.370 3.936 1.493 66.461
9 0.02604380 9.495 1.474 24.478 4.461 1.624 58.468
10 0.02944693 13.738 1.354 28.956 4371 1.603 49.979
11 0.03301123 17.480 1311 32512 3.980 1.546 43.171
12 0.03647256 20.091 1.374 35.287 3.493 1.409 38.346
13 0.03978320 21.590 1535 37.629 3.048 1.242 34.956
14 0.04284561 22.170 1.779 39.622 2.658 1.087 32.683
15 0.04580224 22.296 2.191 41.270 2.326 0.964 30.953
16 0.04872490 22.237 2.743 42,553 2.067 0.861 29.539
17 0.05161760 22.121 3.490 43.490 1.876 0.775 28.250
18 0.05461071 22.080 4.409 44.206 1.734 0.700 26.871
19 0.05764632 22.131 5.356 44.775 1.639 0.634 25.465
20 0.06066137 22.235 6.319 45.189 1.597 0574 24.086
21 0.06357374 22.333 7.281 45434 1.597 0.524 22.830
22 0.06631780 22.349 8.222 45563 1.646 0.486 21.734
23 0.06889626 22.244 9.104 45,660 1.758 0.459 20.775
24 0.07126769 22.031 9.905 45.690 1.938 0.456 19.986

Model 3 employs the first differences of all the series in model 2. As shown in Figure 5, once the low fre-
quency information is removed, only shocks to the change in the federal funds rate and the change in housing
prices have an impact on the change in housing prices. As shown in variance decomposition in Table 6, the dif-
ference in the federal funds rate starts having a significant effect at lag 9 that persists.

The final model in the paper includes first differences of the state variables, but does not employ first differ-
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Table 5. Variance decomposition for model 2 (Decomposition of Variance for Series LOG_CSXR).

Step Std Error LN_FFR LN_ARM LN_FOR_US LN_UNEMP DEFICIT LN_CSXR
1 0.0018884 3.906 11.939 0.006 0.299 0.584 83.266
2 0.0047452 8.562 18.203 0.867 0.062 0.093 72.212
3 0.0081572 10.998 17.784 2.608 0.275 0.249 68.086
4 0.0116594 12.787 17.630 3.944 0.557 0.254 64.828
5 0.0149800 12.183 17.201 5.364 1.786 0.186 63.280
6 0.0179558 9.318 17.121 7.926 3.300 0.256 62.079
7 0.0209745 6.829 16.181 11.915 4.254 0.711 60.110
8 0.0242051 5.630 15.210 16.702 4.293 1.682 56.483
9 0.0273447 5.505 14.350 20.937 3.615 2.961 52.633
10 0.0304303 5.845 13.800 23.958 2.937 4.526 48.934
11 0.0335870 6.103 13.648 25.485 2.869 6.537 45.358
12 0.0368417 5.842 13.600 25.899 3.597 8.787 42.276
13 0.0400971 5.287 13.512 25.909 4.694 10.665 39.933
14 0.0432043 4.784 13.261 26.014 5.707 11.916 38.317
15 0.0461683 4.467 12.716 26.568 6.538 12.635 37.076
16 0.0490784 4.420 11.847 27.672 7.173 13.006 35.882
17 0.0520036 4.770 10.746 29.080 7.720 13.222 34.463
18 0.0549506 5.541 9.633 30.552 8.225 13.303 32.747
19 0.0578597 6.626 8.714 31.763 8.730 13.334 30.833
20 0.0605947 7.706 8.063 32.601 9.311 13.415 28.905
21 0.0630131 8.496 7.672 33.137 10.005 13.533 27.157
22 0.0649967 8.943 7.522 33.394 10.764 13.657 25.721
23 0.0665376 9.116 7.624 33.471 11.488 13.699 24.602
24 0.0677326 9.155 7.969 33.441 12.072 13.619 23.745
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Figure 3. Impulse response functions for model 1.
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Impulse Response Functions log VAR(7) Model
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Figure 5. Impulse response functions for model 3.

ences of the flow variables. This treatment of the flow variables may be more appropriate in that the flow is
measuring a change in a stock. The capital flow variable is included in this model. Model 4 differences log
housing prices, log foreclosure rate, both log interest rates, and the log unemployment rate to remove long run
effects while leaving the deficit and the capital flow un-differenced to see how this impacts the variance de-
composition. The impulse response functions in Figure 6 show that shocks to changes in the federal funds rate,
the ARM rate, and the foreclosure rate impact changes in housing prices. The new result is that shocks to the
deficit variable (i.e., a change in federal debt) have a significant effect on changes in housing prices. The capital
flow variable does not have a significant effect on the change in housing prices. The variance decomposition re-
sults in Table 7 show a sizable impact of the federal deficit. These findings must be tempered by the fact that
they might be upwardly biased due to the fact that the long run (low frequency) impacts of the interest rate series

and unemployment have been removed.
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Figure 6. Impulse response functions for model 4 using 5 lags.

Table 6. Variance decomposition for model 3 (Decomposition of Variance for Series DLN_CSXR).

Step Std Error DLN_FFR DLN_ARM DLN FOR US DLN_UNEMP  DEFICIT  DLN_CSXR
1 0.00195025 1570 7.688 0.721 0.044 2.401 87.576
2 0.00329646 1315 8.489 0.281 0.049 0.930 88.936
3 0.00426754 1.899 6.109 0.324 0.589 0.913 90.165
4 0.00491196 4419 5.233 0.799 0.548 2.000 87.000
5 0.00556856 4.467 4172 1.189 5.153 4.975 80.043
6 0.00588991 4.144 3.862 1.071 5.839 5.923 79.160
7 0.00617221 4430 3.823 1.601 5.502 5.499 79.143
8 0.00651734 7.724 3.825 3.392 4.935 5.603 74.521
9 0.00709635 12.758 4544 5.099 5.572 5.662 66.367
10 0.00778300 17.007 4,023 7.693 8.640 4757 57.880
11 0.00820722 17.990 3.853 8.605 11.487 4.288 53.777
12 0.00852257 18.405 3611 8.790 14.024 4224 50.945
13 0.00883580 17.943 3.375 8.887 15.216 4.402 50.176
14 0.00919835 18.037 3.116 9.172 14.996 4.490 50.190
15 0.00948950 17.658 2.929 9.128 14,555 4474 51.256
16 0.00970588 17.597 2.928 9.184 14.265 4.455 51571
17 0.00988925 17.810 3.276 9.047 14.427 4316 51.124
18 0.01011891 18.788 4.209 9.070 14.180 4214 49538
19 0.01037526 18.858 5.031 9.806 14.272 4.346 47.687
20 0.01066629 18.690 5.384 10.889 14.611 4474 45.953
21 0.01097339 18.587 5.679 11.828 15.131 4.405 44370

22 0.01130675 18.455 6.217 12,505 15.789 4.206 42.828
23 0.01160513 17.846 7.373 12.668 16.607 4.066 41.440

N
S

0.01183356 17.251 8.905 12.792 16.684 3.991 40.377
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Table 7. Variance decomposition for a 5 lag extended VAR model (Decomposition of Variance for Series DLN_CSXR).

Step Std Error DLN_FFR DLN_ARM LN_FOR_US DLN_UNEMP  DEFICIT CAP FLOW  DLN_CSXR

1 0.002038 2.442 8.222 0.009 0.150 0.021 1.585 87.572
2 0.003409 8.175 6.749 1.563 0.057 3.609 2.313 77.535
3 0.004745 7.052 3.635 3.086 0.136 14.050 2.054 69.987
4 0.005732 8.942 2.492 3.135 0.155 23.100 2.889 59.287
5 0.006471 8.168 2.561 4.840 0.505 29.376 2.322 52.229
6 0.007139 7.050 2.973 7.762 0.444 34.049 1.908 45.813
7 0.007788 6.544 3.369 10.330 0.374 37.158 2.177 40.049
8 0.008322 7.512 3.214 11.070 1.069 38.575 2.920 35.640
9 0.008763 7.821 2.900 10.966 3.136 37.358 5.236 32.583
10 0.009179 7.970 2.814 10.607 5.667 35.315 7.358 30.269
11 0.009656 7.634 2.871 9.886 8.541 33.036 9.771 28.261
12 0.010056 7.310 3.091 9.167 10.515 31.566 11.008 27.343
13 0.010373 6.923 3.178 8.618 11.666 30.911 11.772 26.933
14 0.010642 6.596 3.145 8.222 12.395 30.838 12.353 26.451
15 0.010854 6.382 3.043 8.003 12.577 31.112 12.982 25.901
16 0.011039 6.238 2.944 7.897 12.605 31.714 13.418 25.185
17 0.011198 6.147 2.879 7.865 12.668 32.156 13.805 24.480
18 0.011338 6.285 2.826 7.828 12.807 32.130 14.235 23.889
19 0.011478 6.478 2.757 7.814 13.186 31.769 14.668 23.328
20 0.011621 6.652 2.721 7.801 13.673 31.186 15.194 22.771
21 0.011767 6.895 2.756 7.703 14.266 30.482 15.685 22.213
22 0.011886 6.964 2.889 7.606 14.825 29.886 16.051 21.778
23 0.011985 6.953 3.040 7.526 15.234 29.400 16.409 21.439
24 0.012075 6.935 3.170 7.457 15.548 28.971 16.756 21.164

5. Conclusions

The most important finding of this study is that both the log federal funds rate and the log adjustable rate mort-
gage have important impacts on the log Case-Shiller housing price series. This funding is robust to specifica-
tions that include the log foreclosure rate, the log unemployment rate, and the federal deficit, which experi-
mented with un-differenced and differenced data. The federal deficit is also found to influence housing prices in
the expected direction. The net capital flow variable, also modeled as a possible source of aggregate demand in
the housing sector, proved not to have had a significant effect on housing prices. This result for the capital flow
variable may come as a surprise. However, the literature on asset prices and the foreign trade balance actually
reverses the causation. According to Adams, et al. [25], Gete [26], and Laibson and Mollerstrom [27], the large
increase in housing prices that resulted in part from low interest rates led to reductions in savings and larger
deficits in the current account. However, shocks to changes in housing prices had no effect on net capital flows
in model 4 (Figure 6).

Much recent research has focused on testing for a bubble in the housing market unrelated to fundamental fac-
tors. Bredthauer and Geppert [28] found that, in the period 1931 to 2009, the bubble hypothesis could not be
supported. On the other hand, Nneji, Brooks, and Ward [29] and Jin, Soydemir, and Tidwell [30] did find evi-
dence of a bubble in the post-2000 period. We are agnostic on this point, and test alternative hypotheses for
movements in housing prices that have been proposed.
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This test of alternative hypotheses has confirmed that both monetary policy and federal fiscal policy were
causes of the large increase and subsequent crash in nominal housing prices. The interest rate on adjustable rate
mortgages, and not the rate on standard 30-year mortgages, also was a cause of the housing price movements. In
addition, this study confirmed the earlier finding that the foreclosure rate and the housing price interacted so that
foreclosures led to housing price declination, which led to more foreclosures, and so on. Shocks to housing
prices affect housing prices positively in all of the estimated models. Lastly, the net capital flows from abroad
are not found to have an effect on housing prices.
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