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I. INTRODUCTION

In a recent paper in the Journal of Economic Dynamics and Control, (Farmer,
2012b), I pointed out that there are transformations of the U.S. unemployment rate,
and the real value of the S&P 500 that are non-stationary but cointegrated. I provided
a Vector Error Correction Model (VECM) where changes in stock market wealth
cause changes in the unemployment rate. 1 estimated this model, using data on
unemployment and the real value of the S&P 500 from 1953q1 through 1979q3, and I
showed that the model provides an excellent fit to data from 1979q4 through 2011q1.

Rosnick (2013) has argued that a univariate model provides a better prediction of
the unemployment rate than my published model. I show here, that although the
univariate model provides more accurate out-of-sample forecasts than the VECM, a
bivariate model that includes information from the stock market outperforms both
alternatives. My results establish that the stock market contains significant informa-
tion that helps to predict the future unemployment rate. A big stock market crash,
in the absence of central bank intervention, will be followed by a major recession one
to four quarters later. Further, the connection between changes in the stock market
and changes in the unemployment rate has remained structurally stable for seventy

years.

II. RELATED LITERATURE

My previous work is related to Lettau and Ludvigson (2004) and Lettau and Lud-
vigson (2011) who provide a statistical model of consumption, wealth and labor earn-
ings as non-stationary, but cointegrated, time series. The connection between stock
market wealth and unemployment was recognized by Phelps (1999) who pointed out
that the stock market boom of the 1990s was accompanied by a reduction in the
unemployment rate. Fitoussi, Jestaz, Phelps, and Zoega (2000) found a similar cor-
relation between the stock market and unemployment for a variety of European coun-
tries. Following Phelps (1999) and Hoon and Phelps (1992), these authors explained
this connection using Phelps’ (1994) structuralist model of the natural rate of unem-
ployment. In Phelps’ model, expectations of future profits cause firms to invest in
customer relationships and employee training. The explanation for persistent unem-
ployment provided in Farmer (2012b) is closer to the models of hysteresis described
by Blanchard and Summers (1987, 1986) and Ball (1999) than the structuralist model
of Phelps although the theoretical foundation for persistent unemployment in Farmer
(2012b,a, 2013) is very different from the one provided in those of Blanchard and

Summers.
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III. THREE DIFFERENT MODELS

To establish my claim that the stock market helps to predict the unemployment
rate, I estimate three different models on data from 1953q1 through 1979q3, and I
compare their forecast performance for the sample period 1979q4 through 2011q1.
Model 1 is the VECM that I reported in Farmer (2012b), model 2 is a univariate
model for the unemployment rate and model 3 is a bivariate vector autoregression.
Models 2 and 3 were estimated in first differences. Model 1 was estimated in first
differences but includes a cointegrating vector with lagged level information.'

Parameter estimates for the three models are recorded below as equations (1), (2)
and (3).> The coefficients on levels in the cointegrating equation are broken down
into the loading factors, a; a 2 x 1 vector, and the cointegrating equation, 57; a 1 x 3

vector. The symbol ¢ stands for the constant.

Aut o 0.6 —-0.27 Aut,1
Apt 013 042 Apt,1
VECM R urs 1)
1 0s —7} .
[ 0.01 ][ b=
c
Univariate [Auy] = 0.6 [Auy_q] (2)
A 0.6 —03 | [ Au.
Bivariate - e (3)
Ap, 0.1 038 || Aps

In all cases u; is the logarithm of a logistic transformation of the unemployment rate

and p; is the logarithm of the S&P 500, measured in wage units.

IV. THE THREE MODELS COMPARED

In Figure 1, I compare the 1-step ahead forecast errors for the period 1979q4 —
2011q1.

LAll three models were estimated in Eviews using a data set available on my website. I have also

made the Matlab code available that was used to construct Figures 1 through 7 in this note.
2The estimates reported in Farmer (2012b, page 698) contain a sign error. The coefficient on the

lagged value of the stock market in the cointegrating equation should be +0.6 as reported here and
not —0.6 as reported in the published paper. I omit estimates of the constants in models 2 and 3

since they are insignificantly different from zero.
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Figure 1: 1-step ahead forecast errors for the three models
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The left panel compares the VECM with the univariate model?; the right panel

compares the bivariate and univariate models. On both panels the solid line is a

smoothed histogram of prediction errors from the univariate model and the line with

circles is the smoothed histogram for the comparison model. These panels show that

the univariate model outperforms the VECM, but the bivariate model is better than

both. Further, the distribution of univariate errors has a positive mean, indicating

bias in the prediction, whereas that of the bivariate model is centered on zero, indicat-

ing that it provides unbiased estimates of unemployment out of sample. This result

holds, not only for 1-step ahead forecast errors, but also at longer forecast horizons.
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3This reproduces Figure 3 from Rosnick (2013).
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Figure 2 plots the ratio of the mean squared forecast error of the comparison
model to that of the univariate model, plotted as a function of the forecast horizon,
for forecast horizons up to three years (12 quarters). The left panel shows that this
ratio is greater than 1 at all horizons, indicating that the univariate model beats the
VECM. The right panel shows that this result is reversed for the bivariate model
which has a MSE ratio less than 1 at all horizons. These results show that the
stock market contains significant information that helps to predict the
unemployment rate at all horizons up to and including 12 quarters.

The critical observer might think that the difference between the errors from the
bivariate and univariate models are small; after all, an error that is 80% of the uni-
variate model may not be important from a policy perspective. The following section

shows that this is not the case.

V. FORECASTING THE GREAT RECESSION

Figure 4 shows that between 2007q2 and 2009q1 the S&P 500, measured in wage
units, lost 50% of its real value falling from a high of approximately 24,000 to a low
of roughly 12,000. At the same time, the unemployment rate climbed from 4.5% to
10%. But could we have used the information that the stock market crashed to help

forecast the Great Recession?

Unemployment Rate The S&P 500 Measured in Wage Units
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Figure 3: Unemployment and the Stock Market

Figures 4 through 6 compare univariate and bivariate dynamic predictions for the
unemployment rate at three different forecast dates. In each panel, the actual path of
the unemployment rate appears as a solid line. The dash-dot line is the forecast from
the univariate model and the dashed line is the forecast from the comparison model.

In the left panel, the comparison model is the VECM; in the right panel it is the

2011



THE STOCK MARKET CRASH CAUSED THE GREAT RECESSION 6

bivariate model. These three figures show that the bivariate model outperforms the
other two and, together, they imply that the stock market has considerable predictive

power if our goal is to predict the unemployment rate one to twelve quarters ahead.!
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Figure 4: Forecasts from 3 Models in the Fall of 2007

Figure 4 shows the dynamic forecasts that would be made by an economist, standing
in the fourth quarter of 2007, using VECM, univariate and bivariate models estimated
on data from 1953ql to 1979g4. The left panel shows that the VECM does a poor
job and it is apparent from this graph, that the VECM is seriously mis-specified. It
predicts a large drop in the unemployment rate in 2008 in contrast to the path of
unemployment that actually occurred.

The right panel shows that the problem with the VECM does not come from
adding the first difference of the stock market to the univariate model. Adding the
first difference of the stock market, as opposed to the level of the stock market,
does not damage the univariate forecast; but it does not improve it either. That is
unsurprising since, at this date, the stock market had not yet begun its spectacular
decline.’

Figure 5 shows a dynamic forecast made in the fourth quarter of 2008. At this
point, Lehman brothers had declared bankruptcy and, as is evident from Figure 3,
there had been a large drop in the S&P 500. The right panel of Figure 5 shows that

4The left panel contains some of the same information as Figure 4 in Rosnick (2013).
SThere was a substantial drop in housing wealth, beginning in the fall of 2006. In my view, that

drop triggered a subsequent increase in the unemployment rate. But it was the precipitous crash in
the stock market, beginning in the fall of 2008, that turned an otherwise mild contraction into what

we now refer to as the Great Recession.

,
2012
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the bivariate model correctly predicts the magnitude of the Great Recession, three
quarters ahead, and overshoots in the fourth quarter and beyond. In contrast, the
univariate model misses the depth of the increase in the unemployment rate by two

full percentage points.
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Figure 5: Forecasts from 3 Models in the Fall of 2008

The left panel of Figure 5 shows that the VECM outperforms the univariate model
for two quarters, but that improvement does not last long. By the third quarter, the
mis-specified cointegrating equation kicks in and tries to pull the relationship between

unemployment and the stock market back to its pre 1980 level.
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Figure 6: Forecasts from 3 Models in the Fall of 2009
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Finally, Figure 6 shows the dynamic forecast of the future unemployment rate us-
ing information up to and including 2009q4. At this point, the stock market had
recovered quite a bit of lost ground. As a consequence, the bivariate forecast, plotted
in the right panel, correctly predicts an improvement in the labor market. In con-
trast, the univariate model predicts that the unemployment situation will continue to
deteriorate. The left panel of Figure 6 shows that, once again, the VECM performs
poorly as a forecasting tool.

To understand why the VECM performs poorly, Table 1 presents estimates of the

cointegrating vector for the two subsamples. This is the vector 7 in Equation (1).

First Sub-sample Second Sub-sample
1953.1 = 19793 |u  p c 1979.4 — 2011.1 |u  p c
coefficient 1 0.6 —7.4 coefficient 1 0.36 -5.3
standard error 0.25 2.3 standard error 0.09 0.87
t-statistic (2.47) (—3.21) t-statistic (3.86) (—6.06)

Table 1: Estimates of the Cointegrating Vector

This table shows that there was a structural break in the cointegrating vector
between the first and second subsamples. The coefficient on the stock market is
estimated to be 0.6 in the first subsample and 0.36 in the second. Similarly, the
constant in the cointegrating vector moves from —7.4 to —0.53. Although these
estimates are within two standard error bounds of each other, the poor out-of-sample
fit suggests that the differences are statistically important. Failing to account for
a break in the cointegrating vector causes the VECM, as opposed to the bivariate
differenced model, to perform badly as a forecasting tool. But that does not allow us
to infer that the stock market can be ignored. As shown in Figures 4 through
6, changes in the stock market have a large and statistically significant

impact on changes in the future unemployment rate.

VI. SIMULATING THE GREAT RECESSION

Where does this leave my claim that the stock market crash of 2008 caused the
Great Recession? Figure 7 presents the result of simulating the effect of a one quarter
shock of 30% to the S&P. Thereafter, the log of the S&P follows a first order AR model
in differences with a coefficient of 0.36. The log of the unemployment rate follows a

bivariate VAR with a coefficient of 0.6 on the lagged log difference of unemployment
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and a coefficient of -0.3 on the lagged log difference of the stock market.® I assume

that there are no further shocks after the first quarter drop in the value of the S&P.
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Figure 7: Simulating a Stock Market Crash

In my simulation, a once and for all one quarter shock of 30% to the value of the
stock market causes the market to fall further over time, from 24,000 to 12,000. This
drop mimics the realized fall in the U.S. data and it generates an increase in the
unemployment rate from 4.5% to 18%, a number that is closer in magnitude to the
Great Depression than the 10% peak that actually occurred. There are two reasons
for that discrepancy. First, the stock market drop that actually occurred was not
a single shock of 30%, followed by a smooth downward decline: it was a sequence
of positive and negative shocks. In my view, the stock market recovered, in large
part, because of the policy of Quantitative Easing pursued by the Federal Reserve.
In the absence of that policy response, I conjecture that the path of unemployment
depicted in the simulation is a good forecast of what might otherwise have occurred.
These results demonstrate that the fall in the stock market in the fall of
2008 provides a plausible quantitative explanation for the magnitude of

the Great Recession.

VII. CONCLUSION

What should the policy maker take away from the three simulations presented
in this paper? First, the data on unemployment and the stock market are non-
stationary but cointegrated. Second, although the coefficients on the lagged first

differences of unemployment and the stock market are remarkably stable over seventy

6This version of the bivariate model uses the log of unemployment, instead of the log of the logistic
transformation. The model performance is comparable with that which uses a logistic transformation

for the unemployment rate. Because the coefficients are elasticities, they are easier to interpret.
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years, there have been important structural breaks in the cointegrating relationship.
Third, although the existence of structural breaks means that a VECM does a poor
job of forecasting the future unemployment rate, a bivariate model using differenced
data, can be relied upon as an accurate forecasting tool.

What should we take away from the existence of structural breaks in the cointegrat-
ing equation? In my view, it would be unwise to infer that low frequency movements
of the stock market do not matter for the real economy. The failure of the VECM
model as a forecasting tool does not imply that we should ignore the cointegrating re-
lationship between unemployment and the stock market when formulating economic
policy. When there are occasional breaks in cointegrating equations, models specified
in first differences are known to generate more accurate forecasts, even if the data
generating process is a VECM.’

It would be a mistake to assume, that because the cointegrating relationship has
shifted since 1979, that long-run movements in the stock market do not matter for
the long-run level of the unemployment rate. A safer inference would be that the
models we use to inform policy decisions are not always the same ones we should use
to make short-term predictions. As I have argued elsewhere (Farmer, 2010, 2012a,
2013), the stock market matters for the unemployment rate: and it matters a lot. As
in Farmer (2012b), I conclude that the stock market crash of 2008 really did cause

the Great Recession.

"Clements and Hendry (1988).
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