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To compute our variance ratios, we begin with daily price data and compute (1) daily returns; (2)
five-day returns (for non-overlapping five day intervals); (3) ten-day returns (for non-overlapping ten day
intervals); (4) twenty-day returns (for non-overlapping twenty day intervals); and (5) fifty-day returns (for
non-overlapping fifty day intervals). We log returns for all of these periods. Pre-crisis, banks that are active
throughout this period (2002-2007) have approximately 1500 daily return observations, 300 five-day return
observations, 150 ten-day return observations, and so forth.

We then compute the variance of each of these samples before and after the crisis. We compute the
variance ratio using the variance of log returns for each interval relative to the variance of our daily returns.

Our goal is to ascertain whether (1) there is evidence of positive auto-correlation in the pre-crisis period
and (2) there is more positive autocorrelation in the pre-crisis period relative to the post-crisis period (which
would be an argument in favor of the market misunderstanding of risk hypothesis). If there is more positive
serial correlation in the pre-crisis period, we would expect that variance ratios have decreased in the aftermath

of the Great Recession for each of our intervals; for example,
ret5pre

ret1pre
>

ret5post

ret1post .

We present results first for our big-6 banks (Table I) and then for the other large US financial institutions
(Table II) separately in the pages that follow.

I’m not sure exactly how to interpret these very simple comparisons, but overall it looks like for most of
our ratios (except ten-day log returns), on average the big-6 banks had higher variance ratios in the pre-crisis
relative to the post-crisis period. In many cases, these are rather minute differences as the variance ratios
look fairly similar in both periods.

We then do this same analysis for other large domestic financial institutions. There are 44 banks for
which we have returns data in both the pre- and post-crisis period. For all of our variance ratios, we see
that the majority (and in the case of some ratios, the large majority) of financial institutions have higher
variance ratios in the pre-crisis period.

However, just comparing pre- and post-crisis variance ratios does not tell us much about whether there
actually is any statistically significant autocorrelation in the pre- or post-crisis period. From a simple glance
at our results, it seems that there is more likely to be evidence of negative autocorrelation than positive
autocorrelation in our samples. In order to test for whether there is significant autocorrelation, we can use
the following test statistic (from the Campbell-Ho-MacKinlay textbook):

The asymptotic distribution of ˆV R(q) is

√
nq( ˆV R(q)− 1) ∼ N(0, 2(q − 1)

where n is the number of observations in each of our samples (i.e. 300 for five-day VR) and q is the
number of days in each interval (i.e. 5 for five-day VR). Note that in this formulation, the VR is always
centered around 1 because the test-statistic calls for dividing by the number of days in each of our intervals
(5, 10, 20, and so forth).

We test for statistical significance of autocorrelation for our Big-6 banks. We do not repeat this exercise
for the other large US financial institutions in this pass, though we certainly can in the future. This is
slightly more complicated because there is often missing data either pre- or post-crisis for these institutions
and we will need to use the exact number of observations we have for each bank in our sample for these
computations.

In Table III, we present our same variance ratio table for the Big-6 but now with demarkations of statistical
significance for our VR. There is no evidence of any positive serial correlation at any period for any of the
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Big-6 banks. In fact, to the extent that there is any serial correlation that is statistically significant, it is
negative serial correlation. Note that especially when we get up to the twenty and fifty-day windows, we lose
a lot of power because we have so few observations. Lo and MacKinlay have a way to implement this test
statistic for overlapping periods which we could try to do, though I doubt we’ll get very different results.

Campbell also discusses (in his textbook and his course) how results for autocorrelations for individual
stocks are related to the time horizon of the return measurements. Our results are broadly consistent with
Nagel (2013) who documents small negative autocorrelations for individual stocks in daily, weekly, and even
monthly data.
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Table&I:&Variance&Ratios&for&Big56&Banks&
&
 

Five Day Ratio Ten Day Ratio Twenty Day Ratio Fifty Day Ratio 

Bank Name 
pre-
crisis 

post-
crisis 

pre-
crisis 

post-
crisis 

pre-
crisis 

post-
crisis 

pre-
crisis 

post-
crisis 

BANK OF AMERICA CORP 5.00 4.67 8.96 9.10 18.08 18.11 41.78 41.62 

CITIGROUP INC 5.14 4.96 8.78 9.39 22.82 18.70 55.65 43.89 

GOLDMAN SACHS GROUP INC 4.82 4.83 8.32 9.09 17.53 19.51 33.16 45.77 

JPMORGAN CHASE & CO 4.43 4.59 8.80 8.99 21.86 17.83 54.05 39.49 

MORGAN STANLEY DEAN WITTER & CO 5.09 4.49 8.09 8.57 18.36 14.94 40.15 44.66 

WELLS FARGO & CO NEW 4.51 4.06 8.60 7.09 17.00 14.93 41.50 25.17 

No. Banks Post-Crisis Ratio<Pre-Crisis Ratio 4 1 4 4 
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Table&II:&Variance&Ratios&for&Top550&
&

 
Five Day Ratio Ten Day Ratio Twenty Day Ratio Fifty Day Ratio 

Bank Name 
pre-

crisis 
post-
crisis 

pre-
crisis 

post-
crisis 

pre-
crisis 

post-
crisis 

pre-
crisis 

post-
crisis 

AMERICAN EXPRESS CO 4.46 5.04 7.04 9.17 14.62 16.63 33.94 19.09 

ASSOCIATED BANC CORP 4.56 3.99 8.18 7.93 15.39 12.90 42.85 40.68 

B B & T CORP 4.39 4.42 8.77 7.13 14.25 14.90 42.44 39.95 

B O K FINANCIAL CORP 4.36 4.02 8.87 8.04 16.48 15.37 30.58 32.62 

BANK NEW YORK INC 4.49 4.34 8.63 8.00 12.98 16.73 32.80 35.64 

C I T GROUP INC NEW 5.00 4.94 8.84 8.13 21.08 15.95 59.15 28.64 

CAPITAL ONE FINANCIAL CORP 4.33 4.43 8.25 7.76 16.00 13.66 63.91 23.99 

COMERICA INC 5.12 4.82 10.48 8.40 17.84 18.02 49.87 47.54 

COMMERCE BANCSHARES INC 4.09 4.02 6.28 6.94 11.12 13.50 27.89 28.15 

CULLEN FROST BANKERS INC 4.06 3.95 6.80 7.29 14.36 16.87 30.41 42.91 

DISCOVER FINANCIAL SERVICES 4.07 3.91 9.15 7.06 16.04 12.15 50.93 20.91 

E TRADE GROUP INC 3.84 4.55 7.44 9.54 16.63 17.48 73.72 39.47 

EAST WEST BANCORP INC 5.37 4.17 10.77 7.41 19.11 14.91 38.72 34.01 

FIFTH THIRD BANCORP 4.57 3.95 8.82 7.18 13.58 12.84 33.81 27.72 

FIRST CITIZENS BANCSHARES INC NC 4.48 4.24 8.22 7.57 14.08 18.76 36.23 37.11 

FIRST COMMUNITY BANCORP 4.44 4.50 8.41 8.46 16.32 18.21 47.03 45.27 

FIRST NIAGARA FINL GROUP INC NEW 4.87 4.18 8.87 7.38 18.77 16.21 42.21 47.62 

FIRST TENNESSEE NATIONAL CORP 4.21 4.55 7.28 8.71 13.76 18.59 41.96 55.32 

FIRSTMERIT CORP 4.71 4.09 7.37 7.19 14.71 12.64 32.94 23.92 

HANCOCK HOLDING CO 4.96 4.41 8.69 6.66 16.77 12.44 49.62 31.53 

HUNTINGTON BANCSHARES INC 4.80 4.30 6.99 7.81 10.88 17.03 37.46 35.16 

IBERIABANK CORP 4.54 4.81 7.06 8.94 15.13 18.16 42.65 42.37 

INVESTORS BANCORP INC 2.57 4.21 5.28 6.94 7.23 13.06 27.23 34.29 

KEYCORP NEW 4.64 4.13 7.85 6.61 15.94 12.59 45.43 26.93 



M & T BANK CORP 4.24 4.23 7.38 7.02 13.05 18.23 30.71 33.88 

NEW YORK COMMUNITY BANCORP INC 4.83 4.16 8.64 7.37 18.94 13.95 38.15 33.85 

NORTHERN TRUST CORP 4.89 4.51 9.00 7.56 18.48 15.75 44.74 33.58 

P N C FINANCIAL SERVICES GRP INC 4.23 4.50 7.56 8.05 16.18 17.81 35.62 31.71 

PEOPLES BANK BRIDGEPORT 4.82 4.22 9.79 7.99 20.74 16.10 49.06 23.26 

PROSPERITY BANCSHARES INC 5.10 4.11 9.82 7.93 16.72 16.90 33.93 45.27 

RAYMOND JAMES FINANCIAL INC 4.66 4.27 8.30 7.47 15.53 14.69 38.71 36.94 

REGIONS FINANCIAL CORP 4.72 4.56 8.43 8.00 14.84 18.05 38.41 51.15 

S V B FINANCIAL GROUP 5.54 5.00 10.10 10.03 23.02 21.61 59.49 58.59 

SCHWAB CHARLES CORP NEW 4.85 4.35 8.34 9.08 17.69 17.42 52.09 42.89 

STATE STREET CORP 4.68 4.46 7.12 8.26 12.90 19.42 31.17 46.38 

SUNTRUST BANKS INC 4.14 4.97 7.40 8.35 11.70 15.39 30.80 33.18 

SYNOVUS FINANCIAL CORP 4.59 5.12 8.39 9.80 15.22 19.56 40.60 51.66 

T C F FINANCIAL CORP 4.97 4.66 9.78 8.08 17.87 14.48 50.50 33.63 

U S BANCORP DEL 4.71 4.03 9.57 6.93 17.10 13.74 34.38 21.80 

UMPQUA HOLDINGS CORP 4.20 4.47 6.59 7.89 14.85 16.59 43.39 43.78 

VALLEY NATIONAL BANCORP 4.13 4.14 8.25 7.61 14.74 14.38 40.85 31.86 

WEBSTER FINL CORP WATERBURY CONN 4.65 4.43 8.49 7.45 17.82 13.25 47.14 37.86 

WINTRUST FINANCIAL CORPORATION 4.72 4.22 8.60 7.58 16.09 12.40 42.88 25.76 

ZIONS BANCORP 4.46 5.54 9.45 9.76 19.54 16.29 58.42 48.26 

EVERBANK FINANCIAL CORP N/A 4.92 N/A 10.25 N/A 17.07 N/A 30.16 

ALLY FINANCIAL INC N/A 4.74 N/A 8.42 N/A 17.36 N/A 31.72 

SYNCHRONY FINANCIAL N/A 4.49 N/A 8.99 N/A 22.59 N/A 37.43 

CITIZENS FINANCIAL GROUP INC N/A 5.13 N/A 8.86 N/A 23.08 N/A 27.94 

No. Banks Post-Crisis Ratio<Pre-Crisis Ratio 30 29 22 27 
&
&
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Table&III:&Variance&Ratios&for&Big56&Banks,&With&Significance&Test&
&

 
Five Day Ratio Ten Day Ratio Twenty Day Ratio Fifty Day Ratio 

Bank Name 
pre-
crisis 

post-
crisis 

pre-
crisis 

post-
crisis 

pre-
crisis 

post-
crisis 

pre-
crisis 

post-
crisis 

BANK OF AMERICA CORP 5.00 4.67 8.96 9.10 18.08 18.11 41.78 41.62 

CITIGROUP INC 5.14 4.96 8.78 9.39 22.82 18.70 55.65 43.89 

GOLDMAN SACHS GROUP INC 4.82 4.83 8.32 9.09 17.53 19.51 33.16 45.77 

JPMORGAN CHASE & CO 4.43 4.59 8.80 8.99 21.86 17.83 54.05 39.49 

MORGAN STANLEY DEAN WITTER & CO 5.09 4.49 8.09* 8.57 18.36 14.94 40.15 44.66 

WELLS FARGO & CO NEW 4.51 4.06** 8.60 7.09** 17.00 14.93 41.50 25.17** 
No. Banks Post-Crisis Ratio<Pre-Crisis 
Ratio 4 1 4 4 

&
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