Equity Integration in Japan:
An Application of a New Method

Andrew K. Rose



Two Objectives:

1. Derive new methodology to assess integration of

assats across instruments/borders/markets, etc.

2. Use methodology to illustrate technique
empiricaly
- FHnd remarkably little evidence of asset integration
Inside Tokyo Stock Exchange



Definition of Asset | ntegration
- Assats are integrated if satisfy asset-pricing condition:

ptj - Et (dt+1xtj+1) (1)

- Completely standard general framework



Paper Focus. E;(d;+1)
- Marginal Rate of Substitution/Discount Factor ties together al

Intertemporal decisions
- Subject of much research (Hansen-Jagannathan, etc.)
- Prices all assets
- Unobservable, even ex post (but estimable)

- Should be identical for all assets in an integrated market



Empirical Strategy

Definition of Covariance:
ptj = E (dt+1xtj+1 )= COV, (dt+1’ th+1) +E, (dt+1) E, (th+1)- (2)
Rearrange and substitute actual for expected (WLOG):

Xtj+1 = - [1/ Et (dt+1)]COVt (dt+1’ Xtj+1) + [1/ Et (dt+1)] ptj t etj+1’

Xtj+1 = dt ( ptj B CO\[[ (dt+1’ th+1)) + etj+1 (3)

where d; =1/ E(d,,,)



| mpose Two (Reasonable?) Assumptions for Estimation:

1) Rational Expectations: €. isassumed to be white noise,
uncorrelated with information available a timet, and

2) Factor Model:

COV,(d,,,X,,) = b/ +S'b; f! , for the relevant sample.



Now we have an estimable Panel Equation:
X =d (B - COV,(dhuy, Xy) +€L (3)
- Use Cross-sectional variation to estimate the coefficients of

interest {d} — the shadow discount rates

- Use Time-series variation to estimate nuisance coefficients { 3}

. Can estimate {d} for two sets of assets and compare them
0 Should be equal If assets are integrated — priced with same

shadow discount rate



Why this Strategy?
- Natural to look at first moment (of MRS) first
- Easy to estimate
- Insengitive in practice

- Confirm priors, previous research, but discriminating



Are Assumptions Reasonable?

Easer
- Rational expectationsin financial markets at relatively high

frequencies



Harder
- Portfolio-specific covariances (payoffs with discount rates) are
either constant or have constant relations with small number of
factors, for short samples
- Standard assumption to make in literature

- Use standard single factor (market) model

» Fama-French: 30 years; here for 2 months

- Sendtivity Anaysis for robustness



Strengths of M ethodology
1. Tightly based on general theory
2.Do not need particular asset pricing model held with
confidence for long period of time
3.Do not modd discount rate directly
4. Relatively loose assumptions required

5.Requires accessible, reliable data
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6.Can be used at many freguencies

/.Can be used for many asset classes (stocks, bonds, foreign)

8.Requires no special/obscure software (E-
ViewsRATS/TSPISTATA all work —just NLLS)

9.Focused on intrinsically interesting object

11



Differenceswith Literature
- | focus on first-moment of d (estimated discount rate/MRS)
- Standard: b (factor loadings), or second moment of d
- The set-up isintrinsically non-linear

- | don’t fixate on asset-pricing model
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Most Importantly, don’t impose bond market integration
- Consgider risk-free gov't T-bill with price of $1, interest i;:
1=E(Gu1(1+i)) => L/(1+i)=Ey(Ces1)
- | do not use the T-hill rate since the T-bill market may not
be integrated with the stock market!
- Wil test (and rgject!) this assumption
- Do not violate replication/arbitrage since | am testing for

Integration across markets where replication isimpossible
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| mplementation

Estimate;
xly/ply =d,((p}/ pl,) + b0 +bifl) +el, (4

- Normalize to make Cov() more plausibly time-invariant (with
factors)

- Use Market (Nikkel) return — first-difference of log of index

- Estimate with NLLS, Newey-West covariances

0 Degree of non-linearity low
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Notes

- Similar in nature to Roll and Ross (1980)
. Subsumes static CAPM through { R’}
- Add time-varying factor

o Market return
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- Use moderately high-frequency approach
o Daily data for 1-month spans
o April through August (each month separately)

0 1998 through 2002

- Tota of 25 samples of 1 month each
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Grouping
- Have 360 firms for each sample
- Group into 20 portfolios of 18 firms each
- Group in three ways.
1.Randomly (firm name)
2.Industry (SIC codes)

3.Size (gross assets)
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Shadow Discount Rates
- Can eadly estimate from sets of 20 portfolios (along with

confidence intervals)

- Estimated under assumyption of integration (!)
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- Lots of time-series variation (Hansen-Jagannathan)

- Can rgect hypothesisthat d = Treasury bill return (duggish at

almost zero => MRS should be 1)
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Likelihood-Ratio (Joint) Test for Asset Integration

- Easy to compute by splitting sample into two sets of ten

portfolios each
- Table 1.
- A few rgections of integration with random portfolios
- Many rgections with industry/size sorted portfolios

- Bootstrapping (leptokurtosis!) to avoid assuming normality
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| | April May | June | July |  August |
Random Portfolios
1998 55.9* 16.0 131.1%* 26.6 430
(.03) (.91) (.00) (.65) (.08)
[.00] [.65] [.00] [.23] [.00]
1999 26.8 16.7 615 49.4* 24.2
(47) (.87) (.08) (.02) (.81)
[.14] [.55] [.00] [.00] [.28]
2000 28.3 237 R4 47.7* 435
(:34) (.58) (32 (.00) (.10)
[.0g] [.26] [.07] [.00] [.00]
2001 35.3 404 410 339 37.1
(12 (.07) (.08) (.20) (23)
[.01] [.01] [.01] [.04] [.02]
2002 218 145 213 184 17.2
(.69) (1.0) (.69) (.95) (.93)
[.37] [.85] [.39] [.57] [.70]
Industry-Based Portfolios
1998 85.5%* 56.4** 143.0** 71.4** 94.5%*
(.00) (.00) (.02) (.01) (.00)
[.00] [.00] [.00] [.00] [.00]
1999 416 34.9 88.3 24.7 24,0
(.06) (.10) (.04) (.60) (.81)
[.00] [.01] [.00] [.27] [.29]
2000 75.8** 101.4** 79.3* 354 59.9**
(.00) (.00) (.00) (.16) (.00)
[.00] [.000 [.00] [.02] [.00]
2001 48.5+* 41.0* 71.3** 333 50.5%
(.00) (.05) (.00) (.10) (.02)
[.00] [.01] [.00] [.02] [.00]
2002 48.4** 30.4** 374 218 306
(.03) (.00) (.15) (:83) (:33)
[.00] [.01] [.01] [.37] [.08]
Size-Based Portfolios
1998 66.3* 89.6** 61.6* 472 112.5%*
(.00) (.00) (.02) (.09) (.00)
[.00] [.00] [.00] [.00] [.00]
1999 94.0** 123.0** 481 119.5** 138.5**
(.00) (.00) (13) (.00) (.00)
[.00] [.00] [.00] [.00] [.00]
2000 387 165 29.9 2.4 338
(.04) (.91) (43 (.02) (12)
[.01] [.69] [13] [.04] [.02]
2001 322 75.7+* 309 48.2* 280
(:20) (.00) (33 (.02) (58
[.03] [.00] [.0g] [.00] [.18]
2002 431 58.4** 343 30.2 331
(.09) (.00) (.20) (52 (12)
[.00] [.00] [.03] [.09] [.02]

Table 1: Likelihood-Ratio Testsfor Integration on Tokyo Stock Exchange

(bootstrapped p-values for null hypothesisin parentheses) * (**) indicates rejection of null hypothesis at .05 (.01)

[normal p-values for null hypothesisin brackets]



| April May | June | July August
Random Portfolios
1998 54.0¢ 140 133.8** 36.7 249
(.03) (92) (.00) (23) (.62)
1999 259 4 55.3 39.7 24.1
(41) (92) (.10) (.08) (67)
2000 234 239 318 436 46.6
(.49) (.50) (.24) (.03) (.02)
2001 316 24 404 381 378
(.18) (.68) (.03) (.09) (.15)
2002 206 137 19.3 132 17.3
(.69) (.94) (77 (LO) (.85)
Industry-Based Portfolios
1998 84.2%* 55.2%* 147.0%* 08.1%* 06.8**
(00 (.00) (00) (.00) (.00)
1999 319 44.8%* 92.0%* 30.7 236
(.19) (.01) (.01) (22) (.75)
2000 69.8* * 97.4%* 80.7%* 338 58.4**
(.00) (.00) (.00) (.13) (.00)
2001 330 404 67.7%* 427 50.6
(12) (.06) (00 (93) (09
2002 51.8** 40.3** 427 200 310
(.00) (.00) (.05) (.85) (.22)
Size-Based Portfolios
1998 58.9%* 65.5%* 57.8¢ 313 104.1%*
(.00) (.00) (.02) (.40) (.00)
1999 03.1** 106.7+* 437 112.3** 136.7+*
(.00) (.00) (.18) (.00) (.00)
2000 343 15.7 274 274 29
(.07) (93) (.45) (.36) (.05)
2001 26.0 62.6%* 29.3 418 274
(37) (.01) (.24) (.09) (44)
2002 444 46.6%* 26.0 349 370
(.05) (.01 (56) (.26) (13)

Table 2: Likelihood-Ratio Testsfor Integration on Tokyo Stock Exchange

Covariance Mode includes only portfolio-specific inter cepts

(bootstrapped p-values for null hypothesisin parentheses)

* (**) indicates rejection of null hypothesisat .05 (.01)




| April May | June | July August
Random Portfolios
1998 50.8 176 121.1%* 337 25.1
(.02) (.87) (.00) (.35) (58)
1999 246 120 50.6 3?8 230
(54) (1.00) (.15) (.26) (.84)
2000 24.8 208 308 436 402
(54) (.80) (.40) (.02) (14)
2001 29.3 272 395 329 372
(.27) (.50) (.13) (.25) (.18)
2002 19.0 14.0 181 137 182
(.81 (.98) (.88) (.99) (.87)
Industry-Based Portfolios
1998 85.8** 57.2%% 145.4** 01.3** 99.1**
(.00) (.01) (.00) (.00) (.00)
1999 305 47.2%% 83.8** 248 19.9
(32) (.01) (.01) (57) (92)
2000 72.9%* 00.7%* 72.7%* 330 63.0%*
(.00) (.00) (.00) (.18) (.00)
2001 28.3 41 63.3** 397 526
(.36) (.23) (.01) (.09) (.02)
2002 53.1* 406 419 20.2 300
(.02) (.07) (.09) (.89) (.39)
Size-Based Portfolios
1998 374 58.0%* 53.2¢ 338 49.3*
(.15) (.01) (.02) (41) (.03)
1999 09.1** 88.9%* 446 107.8** 134.6%*
(.00) (.00) (.20) (.00) (.00)
2000 349 143 272 244 429
(.10) (97) (59) (51) (.07)
2001 24 60.0%* 253 418 24.3
(.60) (.00) (54) (.08) (.75)
2002 424 46.2 249 320 372
(.09) (.02) (58) (.46) (13)

Table 3: Likelihood-Ratio Testsfor Integration on Tokyo Stock Exchange

Covariance Modd includes no portfolio-specific features

(bootstrapped p-values for null hypothesisin parentheses)

* (**) indicates rejection of null hypothesisat .05 (.01)




TSE isnot always integrated!
- Sorting matters!

0 Rgections worse for sorted data



Sengitivity Analysis
- Does exact factor model matter?
- Can drop market (time-varying) factor
0 Table 2: similar results
- Can even drop portfolio intercepts, smilar results

o Table 3: smilar results



Future Work
- Monte Carlo work for small samples

- Lower frequencies (housing? more factors? trends?)
- Higher freguencies
Most | mportantly

- Causes of low integration?



