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J Market seasonality

Fact finding
« Agrawal and Tandon (1994) JIMF

18 countries Seasonality, daily, weekend effect, last trading day of the month, large pre-
and inter holiday return. Jan, return.

« Bouman and Jacobsen (2002) AER

36 global markets out of 37 examined have “sell in May effect”, or “Halloween effect”,
including Japan

« Kamstra, Kramer and Levi (2003) AER

Markets in northern hemisphere demonstrate “sell in May” but not in southern
hemisphere. SAD effect

o Sakakibara, Yamasaki and Okada (2013) IRF

Japan is unique as Jun. is a good month while most other financial markets demonstrate
lower June return -> “Dekansho-bushi” effect




J Market Seasonality

 Mark Twain famously observed that October is the most
dangerous month to invest in stock market. ... The tragedy of
pudd’'nhead Wilson. 1894.

 The Stock Exchange world is in a sort of twilight state at the
moment. The potential buyers seem to have “sold in May and
gone away’..... Financial Times May,30 1964

« ‘Sellin May and Go away’, famous Wall Street adage is once
again in focus. Would the market behave as the old saying goes?
Many investors in the market have anxiety in a corner of their
minds...... Nihon Keizai Shimbun, April 30, 2013
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J Research gquestion and expectations

O Seasonality found in an index level implies that seasonality does
exist in individual stock level, or industry level.

O The best season for holding stock i may be different from stock j.

O Finding seasonality in individual stock level enable us to create a
portfolio durable for trading throughout the year.




J Data centric approach

« Traditional financial economist approach
a. Researchers come up with some insights
b. Create a model (Hypothesis building)
c. Collect data
d. Conduct an empirical test to prove or disprove the model (accept or reject the
hypothesis)
e. Conclusion and conjecture

e Data centric approach
a. There is no model. We don’t even have the hypothesis
b. Large scale data
c. Methodologies to detect correlation, potential predictability, to handle sparse
data structure.
d. Pattern implies hypothesis




J The Period Mining Model

* Look for stocks that has high propensity to perform well at a given
date. (Period Mining)

e Use previous -4 to -1 years for training data
* Rolling window up to present

* Mining universe is TOPIX 500. Minimum market value of its
composite is 130bil yen ($1.2bil)




J Methodology (Image)

Model Building Period

2001-2004 Portfolio formation based on the model created in 2001-4
2005
Model Building Period Rolling window up to present
2002-2005

2006

> Portfolio simulation
up to 2015.




J Period Mining: 4 steps in model building

Historical data of Stock Price 2. Aggregatlon Ph.as.e :
for a stock (eg. Toyota) Aggregating the statistics on each item for

@ last n years (n = 4 in this exp.)

v’ term: 125days starting from Jan 3. Filtering Phase

y g ?err‘r]r:‘s'yfrlos :n 2001 t6 2014 Filtering items by aggregated
statistics which match the given

conditions (eg. lower bound of

duration days).

1. Enumeration Phase

Enumerating statistics (eg. abnormal return) 4. Organizing Phase

of all periods defined by combination of Select items so that there is no overlap and
starting date and holding period for each maximize the total abnormal return.

term.

(We call this period as "item")

Selected Items (Periods)
to hold

v’ starting date: 1,2,...,125
v holding period: 1,2,...,125
v’ 125 x 125 = 15,625 items per stock per term




J Enumeration Phase

Enumerate stock price statistics on period p .

v’ starting date: 1,2,...,125
v holding period: 1,2,...,125

v 125 x 125 x s00 equiies = £ .8V 1t€MS per term
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Q Aggregation Phase . ™
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J Filtering Phase

Select periods matching the given 6 conditions.
v' The optimal parameters will be estimated using machine learning technique (Bayesian

ur

us

Global Optimization).

lower bound for holding period

upper bound for holding period

lower bound for average of abnormal
return

upper bound for average of abnormal
return

upper bound for SD of abnormal
return

lower bound for zigzag rate

declare
0 20
10 125
0.01 0.1
0.11 2.1
0.01 1.0
0 1

Lower bound: Too short holding period is not
favorable due to transactions cost. Upper
bound :Index level seasonality is 6 month

Abnormal return is higher the better. but
extremely high abnormal return may be due
to other reasons than seasonality.

Prefer items that generate stable abnormal
return in the four year training period

It is preferable if average trend of stock price
movement is monotonously increase in the
holding period.




J Organizing Phase

Objective : maximize the sum of all abnormal return
Subject to : selected periods are not overlapped each other

1234 5678 .. 125126127128 ... 256 )
date
<« >
< >
< >
< >
« >
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< >
<« >
< >
\_ < > _J
(1 234 5678 . 125126127128 ... 256 )
date
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J Creating calendar time portfolio

Item set for Toyota

(o
i Item set for Hitachi i i
S e >
! ! ; Item set for Sony !
| | 1 1
| 1 L e e el o o o o o o
[€===== B e i >
Jan4§ Feb4 | pep o Mar 19! Mar 25 |
: 1 : i..’
! ! ' | I Time line
v v v 7 v
) ( N\ ) 4 N\ )
*
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*Hitachi *Sony *Sony *Sony
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Results




J Performance summary
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Period

Mining Model

EW

Period

Mining Model

VW

TOPIX

TOPIX Mid
Z10]0

Annualized daily
return

Annualized daily risk

Maximum daily gain

Maximum daily
drawdown

Sharpe ratio

14.32%

22.80%

12.60%

-10.51%

0.628

9.25%
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12.39%

-9.20%

0.394

4.67%

22.95%

13.73%

-9.52%

0.204

5.65%

21.99%
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-10.62%
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Benchmark index: TOPIX , Initial NAV:100, 2005-2014

Calendar time portfolio performance since inception.
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Calendar time portfolio performance since inception.
Benchmark index: TOPIX Mid 400, Initial NAV:100, 2005-2014
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Controlling for “size” and “book-to-market ratio”
Three factor model

Ro:—Rii =+ (R, —R; ) +S$SMB, + hHML + ¢,

Coefficient Standard t-value p-value

error

Intercept 0.00026 5.675E-05 4.63 0.00000
Rm-Rf 0.01061 | 4.674E-05 226.92 0.00000
SMB 0.00131 1.009E-04 12.998 0.00000
HML 0.00169 1.492E-04 7.834 0.00000

Annualized alpha 6.50%




The dally performance against the benchmark
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J Period Mining Portfolio, Composite of stocks and holding period

Pages 77T Columns YEAR(buyDate%2n)
=5~ Rows CNTD(E&AE==)
Filters buyDate%2n
350
3.959 —— =4 558
3.873 /
- ‘-/4;1?'_7—-" 3.676 e
~~ Automatic = | 300
3.7000— 4182 4.347
A & FPE]
Color Size Label
Detail Tooltip Path 250
& FmEXS o
Abc @ N =
125 | AVG(Holdperiod) | 55 560
k=]
=
a3
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Il TOoPIX Small 2
100
4163 4.989 3.671 3.900 —=4.939
3.4430— 2.500 4.061 3.992 4.719
50 - .
3.222 3.352 3.722 4.168
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3.522 —— = == 5.139
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Number of shares in the portfolio and average holding period

"7 Columns YEAR(Sell Date)
£ Rows CNTD(EEFRZ) AVG(Holdperiod)
Sell Date
500
e ——————— —
L —————————
400
% Sellterm
= sob Approximately 400 stocks in Bl 1st_term
£ the portfolio. There is a little B 2nd_term
8 difference between in the first
=00 half and the second half
g
100
0]
5
" M
=
=
2 3
=
2 Average
o o holding period is
= about a week
1
0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014




J Returns are not so concentrated in the first half.

Sell Date
Sellterm

. 1st_term

Abnormal return
. 2nd_term

Raw return

Avg. Return

0.000

-0.005
2011 2012 2013 2014

2010

2006 2007 2008 2009

2005




Are we holding more stocks in the earlier month? Maybe...

Pages " Columns ¥ MONTH(buyDate..
i Rows DAY (buyDate%0)
Filters buyDate%0
Day of buyD.. January February March April May June July August September October November December
4 B206.3 = 39.1 = 40.3 = 43.1 = 47.0 m12.3 = 40.9 = 38.1 = 39.0 = 39.0 = 36.0
5 m 951 = 33.8 = 45.0 m 524 =423 w00.6 =494 = 441 = 36.1 =423 = 496
L 6 = 46.0 =279 = 430 =420 = 49.0 = 39.9 H09.0 m 523 = 55.0 = 39.0 = 53.1 = 373
i" Automatic - 7 = 40.0 = 28.5 = 60.4 =416 = 36.4 =429 u 86.3 = 47.0 m 546 = 50.0 m 53.1 = 469
e& (8 ,??g 8 = 43.6 = 334 = 50.3 = 431 m 53.7 = 334 = 28.7 = 49.0 = 60.3 = 346 = 344 = 50.6
Colot Size rabal 9 = 40.8 =413 m65.9 = 40.1 = 45.4 =423 = 37.6 = 30.7 = 38.0 = 415 m 57.6 = 33.0
10 = 39.0 = 48.9 m 524 = 33.6 =443 = 42.0 = 36.0 = 421 = 33.3 = 35.2 = 48.7 = 346
Detail | [Tooltip 11 = 43.7 = 56.3 = 356 = 36.9 = 39.7 = 40.0 m 52.6 = 40.1 = 323 = 36.1 = 447
12 m 53.5 =41.8 = 46.3 = 339 = 29.7 = 38.7 = 36.1 = 353 = 48.0 = 81.0 = 37.7 = 39.8
,14%: AVG(Count) 13 =342 =423 = 39.7 = 38.6 = 44.0 = 35.8 = 441 = 436 = 36.6 = 48.0 = 40.1 = 333
14 = 50.4 =433 =298 = 441 =443 = 37.7 = 36.9 = 30.0 = 50.4 m 84.3 =429 = 481
6 \__AVG(Count) 15 = 35.3 = 324 = 50.7 =414 = 36.7 = 374 =417 = 371 = 47.0 = 59.1 = 30.0 = 35.0
16 = 36.6 = 40.9 = 39.0 = 40.1 =426 =423 = 37.8 = 374 = 26.2 = 28.6 = 60.0 = 289
AVG(Count) 17 = 454 = 27.7 = 469 = 319 = 476 = 30.6 = 30.7 = 371 =344 =449 m 571 = 339
24.2 18 = 48.0 = 28.9 = 499 = 379 = 43.3 = 45.7 = 39.3 =347 = 41.0 = 45.6 = 40.6 = 327
50.0 19 = 35.3 = 347 = 436 = 286 = 376 = 43.6 =312 = 479 =445 =427 =41.9 =283
100.0 20 = 30.6 = 47.0 = 39.3 = 31.3 = 43.0 = 43.3 = 30.2 = 33.0 = 60.5 = 44.7 = 36.3 = 35.0
150.0 21 = 42.0 = 48.5 = 333 =427 = 40.0 = 36.7 = 33.6 = 31.3 = 38.2 = 38.7 = 38.0 = 320
206.3 22 =422 = 458 = 35.7 = 40.7 =344 = 40.9 = 416 = 37.3 =322 = 41.0 = 49.0 = 353
23 =344 = 46.1 = 334 =453 = 351 = 43.6 = 38.1 =349 = 27.7
24 = 43.5 H61.3 = 343 = 36.1 = 35.9 = 40.6 = 39.6 = 404 = 38.2 = 33.4 m 552 =242
25 = 42.8 = 46.3 = 50.0 =423 = 45.3 = 43.7 = 37.8 = 36.4 = 34.3 m 56.7 = 3741 = 35.0
26 = 49.0 = 41.8 = 34.0 = 35.7 = 36.9 = 32.0 = 421 = 371 m61.9 =473 = 36.1 = 333
27 = 46.9 = 34.6 = 47.7 = 34.0 = 33.4 = 31.1 = 404 = 35.7 = 43.7 m 520 = 34.0 = 59.0
28 = 49.7 = 36.4 =344 =429 = 401 = 344 = 39.9 =424 =417 = 621 = 421 u73.6
29 = 48.3 = 45.5 = 37.0 =247 = 32.6 = 39.9 =415 = 50.9 = 45.7 = 471 m78.5
30 =474 = 379 =420 = 35.6 =254 = 494 =317 =293 = 496 = 33.7 m 952
3 = 374 = 43.0 = 49.1 = 29.3 = 35.4 = 46.0




2) Where does the profit (abnormal return) come from?

ii" Columns Sellterm FHIEX 5
£ Rows 33Industries
Sellterm / FEX 5

1st_term 2nd_term
33Industries TOPIX C.. TOPIXL.. TOPIXM.. TOPIXS.. TOPIXS.. TOPIXC.. TOPIXL.. TOPIXM.. TOPIXS.. TOPIX S..
Air_Transport 0.36 0.02
Banking 112 -0.53 2.15 -0.88 0.28 575
Chemistry 0.76 1.26 3.00 2.40 0.42 3.15 — 459 0.73
Construction 0.66 2.34 -0.44 1.50 o380 0.40
Electric_Machinery 0.10 2.55 1355 1.09 0.65 1.01 7.74 -0.03
Fiber_Products 0.01 0.10 0.14 0.30
Food 0.82 -0.73 0.96 0.15 -0.11 3.23
GlassStone_Products 1.39 0.16
Infocomm -0.57 0.24 0.82 1.80 1.39 1.78
Insurance 0.77 -0.21 0.12 0.05 -0.08 -0.15
Land_Transport -0.12 0.52 2.96 0.57 0.23 0.65 2.69 0.16
Machinery 0.21 0.21 875 0.83 0.43 1.61 1.88 0.24
Medicine -0.10 -0.26 0.27 -0.48 0.72 0.48 2.36 0.18
Metal_Products 272 1.09
Metal(non iron) 0.81 0.63 0.24 0.09 0.82 0.27
Mining 0.21 0.76 0.18 -0.39
Oil 0.01 -0.13 0.23
Other_Finance 0.28 1.80 0.44 1.11 -0.41 -2.66 0.25 -0.32
Other_Products 0.51 1.67 0.68 0.93
Power_Gas -0.48 -0.26 1.77 3.45
Precision_Machinery 0.18 258 0.97 0.60 -1.49 -0.19
Pulp_Paper -0.45 0.92
Real_Estate 0.79 0.36 1.02 -0.38 0.51 0.26 -0.13 -0.29
Retail 0.07 -0.44 2.06 0.63 0.71 0.01 1.03 3.57 1.33 0.41
Rubber_Products 0.01 0.37 0.44 1.08
Sea_Transport 0.64 -0.71
Securities_ Commodities 0.36 -0.11 -1.57 0.05 0.28 1.13
Service 0.13 3.45 3.05 0.29 4.52 -0.23
Steel -0.25 0.41 0.78 0.20 0.02 T 216
Trading 1.06 0.65 2.97 0.08 0.22 0.70 1.43 0.56
Transport_Machinery 0.73 2.18 4.72 1.23 0.30 -0.20 1.56 -0.12
Warehouse_Logistics -0.51 -0.32 0.25 0.21




D When and where does the profit come from?

Pages i7" Columns # MONTH(buyDate..
i~ Rows 33Industries
Filters buyDate%2n
33Industries January February March April May June July August September Octocber November December
Air_Transport
Banking
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¥ Aut ti
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\‘é‘ (9 123
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| e |
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J Longer the holding period, better the return? Not really.
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J How long will the strategy work?

O Pairs trading (Relative value arbitrage strategy) demonstrate
“profitability” beyond various risk measures, short-sale constraints
and transaction costs. Gatev et.al. RFS, 2004

O However, the profitability has been waned as more and more
hedge funds employ similar “pairs trading” strategies.

O Seasonality trading is an unexplored approach; chances of
enjoying hefty profit could potentially be high.




J Conclusion

 Seasonal anomaly in the stock market has been documented in the literature for
quite a while, and yet, the anomaly hasn’t been arbitraged away by
professionals even today.

« The difficulty lies in the potential arbitrage profit is only guaranteed in the years,
not in the months.

 We endeavored to look for patterns of seasonal investor behavior in large 500
firms listed in TSE 1S

 To detect the pattern, we used period mining technique and other related
techniques commonly used in the computational science.

« Portfolio of stocks in their best season of the year outperform the benchmark
index by a substantial margin.

 This “seasonal arbitrage” will remain to be profitable as few participants are
playing in this market.




