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This paper deals with the interrelations between stocks
listed and traded in two international unsynchronized
markets. The data exhibits first order nonstationarity and the
series across markets are cointegrated. This gives a
justification for an error correction model which incorporates
a short run adjustment mechanism. The model is applied for
different day-groups. The main findings are: (1) The domestic
country emerges as the dominant market and the foreign
market as the satellite one; (2) The adjustment mechanism
coefficient is highly significant for most shares; (3) Different
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fits better for the more heavily traded shares.
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1 Introduction

In recent years, developed and emerging financial markets have witnessed a growing
trend of securities listed and traded in more than one stock market. A study by
Neumark, Tinsley and Tosini (1991) investigated this phenomenon by examining the
values of U.S. stocks that trade in several national markets. They find that the price
volatility of foreign price movements in response to domestic ones fully reflect the
domestic market (U.S.), but only to a lesser extent the other way. This asymmetry
was also found by Chowdhry and Nanda (1991)'. In their theoretical analysis, they
show that one of the markets may emerge as the dominant one and that timely release
of price information in one market adversely affect the returns informed traders are
expecting to gain, subsequently, in other markets. One of the explanations to this
phenomenon is that when market makers are competing to offer trading through lower
costs, they will make price information available to the public at lower costs to deter

informed trading from trading at their location.

The purpose of this paper is to examine this issue via a case study in which we
characterize the price behavior of internationally dually listed stocks. Specifically, we
investigate the relationship between prices of shares listed and traded both in the
OTC in U.S. and in the Tel Aviv Stock Exchange (TASE) in Israel. The paper differs
from previous studies in a number of ways. The first difference is the methodology by
which we explore the relationship between the prices of dually listed stocks. Since in
most cases international dually listed stocks are traded in different time zones, and the
problem of unsynchronized data arises, we propose & methodology designed to handle

data of dually traded stocks in such cases.

Second, according to Chowdhry and Nanda (1991), when a security is traded in
several locations, informed investors have more opportunities to exploit their private
information. Therefore, any systematic linkages between the price of the dually listed

stocks may suggest a potential for short-term arbitrage opportunities. The methodol-

I'This assymetry was also found for stock indices by Eun and Shim (1989), Hamao, Masulis and
Ng (1990) and others.



ogy employed in this paper also enables us to explicitly test the availability of arbitrage

opportunities.

Third, following Garbade and Silber (1979), Neumark, Tinsley and Tosini (1991),
Chowdhry and Nanda (1991), this paper extends the empirical evidence on the question
of which of the markets is the dominant and which is a satellite. According to Garbade
and Silber (1979) when the adjustment of prices is asymmetrical, it may indicate that
one of the markets is a satellite. For example, if prices of stocks traded in the OTC
adjust with some time delay to those traded in the TASE whereas the prices of stocks
traded in the TASE adjust rapidly to those traded in the OTC, then the OTC market
for these securities will be considered as a satellite market and the TASE will emerge as
the dominant market. This may occur when investors participating in trading in New
York form their expectations on the share price behavior, based on the information

released in Tel AvivZ.

The remainder of the paper is as follows. In the following section, we present the
methodology by which the price behavior of the dually-listed stocks are examined. In
Section 3, we describe the data and the problem of nonsynchronization. The results

are discussed in Section 4. Section 5 concludes the paper.

2 Methodology

2.1 An Error Correction Model

We apply in this study an error correction model (ECM) for the share prices of dual
stocks traded both on the OTC and TASE. This model incorporates a short run ad-
justment mechanism for the price differential existing between the two markets prior to
the start of trade in the studied market. Let zq,y;, SP:, I X, be share prices (in dollars)
in Tel Aviv and New York, and the S&P500 and Israeli indices respectively at time t.

25ee discussion in Garbade and Silber (1979) and Hauser and Tanchuma (1995).
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All data was transformed by a natural logarithm. The models under consideration are

Aye = 11 + 1207 + 13(T — Y1) + AP+ & (1)

and

Ay = 8 + 820yi_1 + Ga(ye-1 — Tyy) + O AT K +ue . (2)

In equations (1) and (2) we attempt to explain the behavior of stock returns in the
US and Israeli markets, respectively’. The difference in the models results from the
time difference between New York and Tel Aviv, a phenomenon known as the data

synchronization problem, discussed below.

The underlying assumption of all series considered is that it is stationary (1(0)) in
first differences. It is further assumed that e, u. are I1(0) and that the error correction
terms (z; — Ye—1) in (1) and (41— — Ti-1) in (2) are also I(0). In other words, although
z, 1y, are I(1), they are cointegrated with a cointegrating vector (1,—-1), so that their
difference is stationary®. This means that all terms in (1) and (2) are I{0). This as-
sumption is verified in the next section with the appropriate testing apparatus. The
cointegrating vector (1, 1) is taken to explore the possibility of no arbitrage oppor-
tunities between the two markets. Any other cointegrating vector, say (1,-7) with

7 # 1, would lead an arbitrage possibility with nonzero expected profit.

The model assumes a linear dependence between the return in market i and the
known return in market j, an error correction term and the return on the market i
index, i # j. The return on share prices in market j is observed before the start of a
new trading session in market 1 and so is the adjustment term. The use of the index
is based on CAPM model. Because the return on the stock in market j is already
incorporated, the overall market j effect is not included. The parameters 73, 65 have
the interpretations of being the short run adjustment response coefﬁci‘ents, and ~4, 04

are the standard beta coefficients.

3We have attempted to fit (1) and (2) with both indices, but it apears that the ‘away’ index is highly
insignificant for the data under consideration. Thus, the foreign market index is-not incorporated on
the right-hand side of the equality signs in (1) and (2).

1The cointegrating vector comprises of the coefficients of the variables in the error correction terms.
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9.9 Tests of Unit Root and Cointegration

In order to test the validity of the assumed model, we conduct tests for unit roots and
cointegration in the series involved. Six different tests for a unit root were applied
for each series in Loth levels and first differences. These tests are the two augmented
Dickey-Fuller (DF, Dickey and Fuller 1979) tests and the four Phillips-Perron (PP)
tests. The two augmented Dickey-Fuller tests are for stationarity of the residuals of
regression equation, one containing a time trend and one which does not. The Phillips-
Perron tests use & nonparametric correction for serial correlation. This results in four
tests—two accounting for a linear time trend and two which do not. The tests are and
t tests (see Davidson and Mackinnon (1993, Ch. 20)). The asymptotic distributions
and critical values of these statistics are given in the references above. The overall
performance of all tests is taken into consideration when deciding on the nature of the

series.

The tests of cointegration for z; and y, verifies whether their difference is stationary.
The tests adopted are exactly those of the unit root listed above, but applied to the
residual of the cointegration regressions. More specifically, the augmented Dickey-

Fuller tests are applied to the residuals from the regressions

= fo+ BT+ 11 (3)

and
Yt = fo+ fit + Peze + vt - (4)

A test for a unit root is then conducted on
P
Al = a0 + Zlﬁjﬂflzq + 7

=1
where & is the least squares residuals from (5) or (6) and pis a predetermined lag-length
chosen to ensure the uncorrelatedness of the errors. A test for no cointegration amount

to a test of a, = 0. The Phillips-Perron tests are constructed using a nonparametric

correction for serial correlation.



3 Data

The data include daily closing prices of five firms based in Israel whose shares are
listéd and traded both in the OTC and TASE, the S&P 500, the TASE general stock
index from July of 1988 to September of 1993. There are three problems that should
be addressed concerning the synchronization of this data. The first one is that prices
of shares traded on the TASE are denominated in Israeli new shekels and had to be
translated to U.S. dollars at a representative exchange rate, published by the central
Bank of Israel, implying that the volatility of the exchange rate is embedded in the
dollar return volatility of these shares. To examine this, we calculated the effect of the

exchange rate on the dollar return volatility and found this effect to be negligible®.

The second problem is due to the time difference between Tel Aviv and New York
since trading in New York begins approximately at the time of the conclusion of trading
on the TASE. This justifies the need to adjust for the time periods in which the terms
in the error correction factors appear. The third problem relates to different trading
days in a period of one week, being Sunday through to Thursday in Israel and Monday
through to Friday in the U.S. Table 1 highlights these features.

Table 1
Days and Hours of Trading in New York and Tel-Aviv (Eastern Standard Time)

Sunday | Monday-Thursday Friday Saturday
Tel-Aviv  0330-0930 0330-0930 closed closed
New York closed 0930-1600 0930-1600 | closed

To deal with the latter two problems, some modifications to the models (1) and (2)
are required. Model (1) is suitable for the Tuesday, Wednesday and Thursday trading

days, whereas for Monday, it becomes

(ye — y2) =M + AT+ va(ze — Y1-2) + 14(SP. — SPi2) + & - (5)

I ————
5The correlation coefficient between the return on the shares and the exchange rate was negative
and close to zero, and that the daily volatility of exchange rates in relation to the share price volatility

was negligible, less than 3% of the volatility of share prices.
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For Fridays, we have

Ay =1+ W3(T-1 — Y1) + 1 ASP + & (6)

The adjustments for the beginning/end-of-week periods is a direct result of the trad-
ing weeks in Israc and the U.S. not being synchronized. Similarly, (2) is suitable
for Wednesdays and Thursdays. The following adjustments were carried out for the

remaining days:

Sundays:  (z; — Zi—2) =01 + B2 Aye—y + O3(Ye-1 — zpo2) + 8a(IXe — IXy2) +
Mondays: Az, = & + §oAYp-2 + 63(‘!];-2 = $¢_1) + §4AIX; + uy (7)

Tuesdays: Az =8 + &y — yi_3) + Ba(ye-1 — Ti1) + 8 ATX:

4 TResults

This paper offers an error correction model to explore the relationship between the price
behavior of dually listed stocks. The model enables us to explicitly test any systematic
linkages between these prices which may suggest a potential for short--term arbitrage
opportunities. It also enables us to address the question of which of the markets acts as
the dominant market and which of them acts as a satellite one. The main findings are
that arbitrage opportunities are generally not available and that the domestic market

acts as the dominant market and the foreign market acts as a satellite market.

The results for the unit root tests for the five individual stocks, in each country,
and the stock market indices are reported in Table 2a. All data were transformed first
by a natural logarithm. The corresponding tests for the first differences are reported
in Table 2b. In each case, six different tests for a unit root, discussed in section 2, were
conducted. The figures for all series considered clearly indicate that the daté are not

stationary in levels but achieve stationarity after differencing once only.
L]

Six different tests for cointegration between the pairs of share prices in the U.s.

and Israel were carried out and are reported in Table 3. Overall, it is evident that all
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the pairs of series examined are cointegrated. Moreover, the estimates of the cointe-

grating vectors are approximately (1, -1), supporting the hypothesis of no arbitrage

opportunities between the two markets.

We turn now to the estimation of the ECM models as given in equations (1)—(5).
In Table 4 we present the effects on share prices traded in the American market while
in Table 5 analogous effects on share prices traded in Israel appear. As highlighted in

section 2, we fitted separate models for different groups of days of the week.

The main feature of Table 4 is that the five dual stocks can be separated into
two groups of share price behaviours. The first group, comprising of the three big
companies, Teva, Elbit and Elron, while the second constitutes the small firms Aryt
and Robotec. In general, for all days of the week, all the variables (ECM, Az, and
ASP,) are highly significant in explaining the behaviour of share prices in the first
aroup. In the second group, changes in share prices in the U.5. are only explained by
the ECM variable. The U.S. index does not appear to affect these shares. A comparison
of the figures for different days of the week reveals that qualitatively, the results are

invariant to the day of trade.

Quantitatively, the beta coefficients of the more heavily traded stocks in the Amer-
ican market are about 0.5. This means that the dual stocks of firms based in Israel
and listed in the U.S. are somewhat insensitive to changes in the U.S. market®. The
ECM effect for all stocks in the U.S. market is strong. The magnitude of this effect
is about 0.6-0.7 for Aryt and Robotec, about 0.4-0.5 for Elbit and Elron, and about
0.3 for Teva. It is clear that U.S. prices of Aryt and Robotec depend strongly on the
prices in Israel. The degree of this dependence is smaller for Elbit, Elron, and Teva.
The coefficient of determination, R?,-is larger for all stocks on Monday through to
Thursday (days in which the Israeli stock market is open), than on Friday, when the

Israeli stock market is closed.

Results for model (2) and (4) are exhibited in Table 5. The beta coefficients are

generally greater than unity and are significant for most stocks on most days. The error
S

65ee Hauser and Tanchuma (1995).



correction factor is much smaller than in the previous case and often insignificant. In
particular, the factor is insignificant on Mondays for all stocks. This coefficient tends
to be significant but small for Teva and Elbit on the other days. For Aryt, Robotec
and Elron it is mostly insiéniﬁcant. Finally, the estimate &y is significant in the middle

of the week for most stocks, with magnitude of about -0.2-0.1, and insignificant on

Mondays.

Broadly speaking, the foregoing discussion is indicative of the domestic country
being the dominant market while the foreign market acts as a satellite. The only
share for which the basic model fits well in both directions is Teva. In the light of
Teva being considered as an international company, this result is not surprising. The
second main aspect of the results is that the ECM coefficient is generally significant
in both directions, but is much greater when the American share prices are treated as
dependent variables. The converse is true for the beta coefficient. Both outcomes are

consistent, of course, with the aforementioned dominance feature.

5 Conclusions

The approach taken in this paper was to model the dual stock behaviour in the two
markets as an error correction mechanism. The justification for this modeling strategy
is the findings that all series involved possess a unit root as well as the stock prices
in the two markets being cointegrated of order one. Overall, we found two distinct
behavioural groups; one which constitutes the bigger firms Teva, Elbit and Elron and
the smaller firms Aryt and Robotec. Generally speaking, the model seems to fit better
for the bigger shares. The main determinant in the behaviour of the smaller shares is
the short run adjustment component in the model. Except for Teva, the effect of the
Israeli market on the share prices in the U.S. is stronger than the reverse direction.

This is a result of Teva being an international company, at least as far as stock-holding

is concerned.

There are two considerations in breaking the model into different day-groups. The

first is the data synchronization problem which implies that certain data points are lost
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if the general model is applied and the second is the additional information that this

breakdown entails. Different patterns for middle-of-the-week days and beginning/end-

of-the-week days emerge. This difference is attributed to the instantaneous adjustment

property of the markets to new information, which is not available to the same extent

in the beginning of the week as compared with the middle of the week. It would

be interesting to extend the methodology to other sets of dual stocks encompassing

different markets.

References

(1)

[4

5

(6]

[

(8]

Chowdhry, B. and V. Nanda (1991), “Multinational trading and market liquidity”,
The Review of Financial Studies, 4, 483-511.

Davidson, R. and J.G. MacKinnon (1993), Estimation and Inference in Econo-
metrics, Oxford University Press, New York.

Dickey, D.A. and W.A. Fuller (1979), “Distribution of the estimators for autore-
gressive time series with a unit root”, Journal of the American Statistical Associ-

ation, 74, 427-431.

Eun, C. and S. Shim (1989), “International transmission of stock price move-

ments”, Journal of Financial and Quantitative Analysis, 24, 241-256.

Carbade, K.D. and W.L. Silber (1979a), “Dominant and satellite markets: A study
of dually-traded securities”, Review of Economics and Statistics, 61, 455-460.

Hamao, Y., R.W. Masulis and V. Ng (1990), “Correlation in price changes and
volatility across international stock markets”, The Review of Financial Studies, 3,

281-307.

Hauser, S. and Y. Tanchuma (1995), “Transfer of pricing information between

international dually listed stocks”, working paper, Israel Securities Authority.

Neumark, D., P.A. Tinsley and S.S. Tosini (1991), “After hours stock prices and
post crash hangovers”, Journal of Finance, 46, 159-178.

10



(9] Phillips, P.C.B. and P. Perron (1988), “Testing for a unit root in time series

regression”, Biometrika, 75, 335-346.

11



1897 uoxid g sdiiyd = dd

1801 T9[y] Aoyor pajuewidny = J4d

pua1] swy Iesul| B pue Jejsuod 8 JumeIuod uoissa1dey = 1D

NIRISUOD B GUINTRII0D uossaaday = D
ELE= T8I— 18°C— [ gre— 280 anBA [EMLD
orjojdutdsy
LG818°€— #0LG'8C— LTLPT0— PPRIT0— © L8695t~ G99ST1°0— 0eT = U XI
£680'C— L1081 1602 1— TEETT— 81E8C— JATA G Zop1 =4 dS
- xXapu]
L1218°€— AR 959E¥80— 12v0'e— ¥818°C— 96£0'1— - P
01287 — J8EVE— P8I T— 86ECE— JIFEE— 8IEF'T— Ven
158 = v 1y
¥9L8C— 9LV ET— €068 1— GI8GC— TrLLC— 8GIGC— [9BIS]
T106'c— ovLLT— 0SPL1— TGCT e~ 76961~ L80€7T— VSN
LLT1 — U UoI{
86L8°T— 126°€1— SII6'T— TL8TC— (48 S GZ8LC— 1eBI8]
GT6Y'T— gervi— 66S8'1— L308°C— LT €8L6°1— A
8LZ1 = U N[y
9ESFT— 998'¥1— 6CIST— LSPLTI— 16980~ 0%SS¥'C— [9BI5]
.LSGP'E— 68976~ .G60EE— L0V TE— L9987 0T¥0c— ¥'sn
pEE = U 091040}
19¥0°€— 8PP 81— 0L’ 0= 685960~ 9L6SC— 869860~ PeIS]
+£898°E— «S9F 62— 8¢C86°0— 1869°1— T1e8'e— 870280~ VN
08Z1 = U A3,

(qa) 19 10 | (@d) 012 1D | (dd) %233 0 | (dd) 38912 D (3q) 35211 10 | (4Q) 599 D

188, #0015

aoueayuds Jo (949 %01 M 1T pajoafal St 1001 31N B JO sIsaYI0d AT BY3 JBY) SANEAPUL . ‘51891 (Jd)
uoaza -sdi[Iyd Moy pue s31533 (Jd) R R el pajuowsne oy Surpnpot £Y0OT JUUTL B J0j S3S3] JUSIOIIP XIS JO SONSNIEIS Z PUe 7 313 sy10da1 a[qeI ST,

sjoA97] Ul §3S3], 100U UM ‘BT a[qel,



oL

1593 woaa g sdifjid = dd

1899 I3[0yl Aot pajmewdny = JQ

pusa) awl} 18IUI[ B PUE JUBISUOD g Jururejuod uossaidsy = 10

JUBISUOY B FulIRIU0d uorssaideyy = D
o ¢81— 180~ AN ere— L8%— AN[BA [N
moydurAsy
«£96°€E— JYCTl— LI86°EE— Fveel— Rerd Nt L0£2€'9— || TOET = XdSI
«F8L9E— «OLLET— JO6L798— WOLLET— .86S19— £2C10— ZovL = U dS
Xapuj
JLP 91— «£T°108— i) LF600E— 689V BLLT T [PBIs]
LV0ET— O80T — L0L0°€C— 85017 .800L%— 0P8L Y- Ve
1gg = U M1y
LTYTIE- LSETTL— S0P 1E— LTI WQELGL— 8GOV LT [98I5]
.068°0¥— JZTEFL— WOLE°0F— 0PI — 89LTL— J0ET0°L— VSN
LLT1 — ¥ UOlH
LJILLTE .89911— .GELTE— GP911— S61PL— .509¢°L— [9815]
9E8°LE— JFTSET— W96L°LE— LL0SET— L0E18°L— .8500°L— Vs
QLZL = U NqIH
6L9°LT— L10°€CE— LLILT— SE°TCE— 816 F— LSEST T [9815]
' .3T9TT— 3T 668~ L9L9°TT— 00668~ LGOIV 01297 — VSN
pEe = U 09100y
JG0S°EE— WLTLGTT— L818°CE— LLGTT— LPPE9— JLLPE 9 [e81s]
08588 LPLEL— JLBGBE— JFLET— SLYP9— L0977 9— ¥'sn
08gl = U BAS],

(dd) %9 10 | (dd) 22 1D | (dd) #¥41 D (qd) 1212 0 | (4) 15933 L0 | (4@) 39171 O

1597, $01g

uo11aJ-sdI[[IT]J 1oj pUe 51593 (1Q) P-4 pAiuet

seouaIayl ISILI

aousoyrudis Jo [9a8] %01 33 18 pel
Sne om) SUIPRIII 13001 JUN B 10j $153)

oafa1 st 3001 UM € JO sisat(jod A a1 3
JUSIAJIP XIS JO SO13STIRIS Z PUR 131 g110da1 ajqe} ST

ur eje( 10§ SISO, 300y NUN 92 a[qeL

BY[} sajEDIpUL , 51531 (dd)



it

1597 uouia ] sdiid = dd

4897 To[ng Aexprqg paaewdny = 40

puaI) W} IBaNl] pUB JUYISUOD & Juureuod uoissaiday = 10

JueISUO0D B SUIUIBIUOD uolssaldoy = D
0se— T v0'e— TL- 08€— p0°g— || onjer [BINLD
onjoydwAsy
[ (9ezer) TeE =
880860 RAL KA JFbLP1E— | .ESOEI— BT LIE— S110F— BPLGE— gAY
(gez0l) Lgli=u
02001 L1608~ L.8T'G19— .109°02— L.SE919— LGEE6T— JALV0S— o[y
(9°6001) BLIT =1U
#010'T 12808~ 9L¢19— .L6Z 0%~ 67019~ .1929°9— .GGEF 90— nq"
(669°9%) YEE = U
1SE86°0 JE0EI— 8E73T— Riyats 66018~ L0F08'E— .2899'E— 9910004
(67°¥8S) 08Z1 = u
79L86°0 608 FI— L0 8PE— JEEI- .06 0FE— 6£01°E— 6286~ A3,

SI 10309A
wonessayuio) || () 19931 10 | (d) 35912 1O () 101 O | (g) 12 D | (AQ) 3233 1O (1q) 13211 D

_ 153, 30035

-aouBayIuUBIS JO [249] %01 211 3T pajoalal s1 1001 Jun ¥ JO sisayjod Arf a3 18
s97BOIPUL , "AIBUOIIRIS B1E S}RYIBW OM] A1} 1l soord So a1} UAIMIQ SRIUAWHIP A TIaiA AJL13A 51591 AT -uorje1g23U100 Jo s1sa) sitodal ajqel s,

sjeNJepA] oM, A3 Ul s9dld JO s307 usamidg uoljeISAIUIO] 0] §ISAL ¢ 9[qel



a1

syoxpelq wr readde senBA-d .

(70250) | (00000) |  (8528°0) (v7£60) |

g6z | z1e'1e | 219v°0 | §126¢°0 | 09590 10 — 900120 | €0 — H1¥2020 11y |
(0000°0) | (0000°0) (0000°0) (0000°0)

gelT | €20°s81 | £15¥°0 | $2L19°0 | TISTFO 128970 70 — F8G8Sy°0— | UONH
(0000°0) | (0000°0) (0000°0) (1000°0)

gert | 2ov'80z | £0L¥0 | T6GISE'0 | OESGED 9581E0 70— geeLLzo—| "I
{2o¥z'0) | (0000°0) (596870) (£682°0)

g6z | L627ze | £0vE'0 | 0869570 | 996090 10 — 790¥Z1°0 | 20 — F186YZ0— | 93099 |
(c000°0) | (0000°0) {0000°0) (0000°0)

gert | L6179 | 92120 | 16VGH0 | TEVSTO 0Z98£°0 10 — F279551°0 BADL

[w | 4 A L oL o L

$p01g paIst] Afeng UsIm3s

34 ._nmm.d—.,ﬁ. + h_ﬁis.. - HHV

[PPO UOI}DR1I00 10133 31(3 JO sy(neat a1} s110da1 A[qEl SUL

‘shepsint]], ‘SABPSAUPIAY ‘skepsan], 10}

gL + lzyik + W ="My

g sedm{ur] Hd BV a|qelL



91

sjaypeaq ut readde senfeAd .

T (5 ~ A8
[ppowt 1013031109 10112 3] JO §)

syoorg pa3st] AlEnd usamiag sefeiury 221g qp dqEL

‘sABpUOTy 10}

U—.»\ + ANIHS — ._HVQ\ _E ﬁquuﬂ,_( + W= Amlu\m iz u_\mu

[msaz a1() s310dat 3(qel S,

(8¥¥0°0) | (0000°0) (7969°0) (1v22°0)

ezz | 818707 | LL1G0| 9LVGT | 98690 10— F19L¥9°0 | 20 — A1S885°0— 141y
(z100'0) | (00000) |  (2100°0) (6£10°0)

298 | g¥1°08 | £825°0 | 898620 | 850990 90ZFT 0 70 — F01985°0— | Uond
(9e00°0) | (0000°0) (8200°0) (L8¥1°0)

98 | 168°L11 | €290 | L09¥¥°0 | 89S9F'0 ZZ0LT0 70 — 8E8GI0— | M
(286L°0) | (£100°0) (5¥00°0) (£5£6°0)

g2z | 29878 | 0LES0 | VLVGLO FGIER 0 1PSOF'0 €0 — F8LPFE0 | 91090y
(z901°0) | (0000°0) (000070) (0000°0)

998 | oLver | £rLE70 | L609€°0 | GIFGE0 80.2L0 10 — FGE9LT 0 'AD],

u g M v ek ﬁ‘ %




L1

sy030BI( Ul meadds senjer-d .

[PPOUI UOF}IALIOD 10113

$30015 PRISIT ApenQ u922m19

B+ Igsyh+ (T -
a1[y jo syusal 3 sytodal afqel siL

1-iz)el + =g

(Lov¥'0) eooo.o; (#255°0) |
gvT | 96ve1 | 0¥820 | ¥GEIS0 | TL8.9°0 70 — 981920 141y
(%000°0) | (0000°0) (29L9°0)
8¢ | 926°%g | L6GT0 | 808¥S°0 | 16L8T0 £0 — FLEIPY0 uol[g
(0100°0) | (3200°0) (168£°0)
azc | ogLot | €6L0°0 | 26ESY0 | €GZLTO 70 — 190210~ nq
(6ez1°0) | (0000°0) (851L0)
9v1 | 6Lyt | L6820 | 8¥08G0 | PYRLED 70 — 96Ep1°0_| 9210904
(g520°0) | (000°0) (L100°0)
gsg | L6 | #5900 | GITOE0 | LLIETD 70 — 186080 BA3L,
(v [ 4 | o oL & i
-sAwpiy] 10§

¢ seSeury 9do11d 9% 2IAEL



81

syayoriq Ul readde sanfeA-d

m 41XV +
opot 1011221100 10110 211§

$42018 PRIS!T Ajjeng usamiog so

j (0000°0) (1529°0) (0000°0) (0825°0)

g6z | 667z | 98se0| TPIET |10 — FEI69610— Z00IE0 70 — Fp8IF10— 141y
(0000°0) (1260°0) (L£00°0) (8950°0)

ge1T | ze6'g81 | 16vG'0 | €SIET | 10— FBEGERD 10 — 768£09°0 | €0 — AGI0F1°0 uol[g
(0000°0) (0000°0) (8200°0) (2680°0)

gart | 9507281 | 10860 | 9EET'T £9511°0 10— FZ1e1L'0 | 0 — FEIBPTO nqa
(0000°0) (v600°0) (08L0°0) (6882°0)

96z | 850°€7 | SESE0 | 6G90°T £5981°0 Z€601°0 Z0 — I¥868z°0— | 9210004
(0000°0) (90£0'0) (0000°0) (6982°0)

gort | 6Lt | 1zer0| 92601 | 10— JTOLLFD 9FFEL 0 0 — 720091°0— eAd ]

u A A 4 to tg 9

-gkepsIni|], puv sAEPSAUPIM 10J

1-ig — _Iﬂ_\_.,vnw + alqb_ﬂNnQ + ~Q =1y
0 s)[nsal 2} sjrodat a[qey st]

Seyui] 2 d ‘Bg ajqer,




g7z | 186C
| 198 | 089°26

198 | 269°52L

(zzz | 89€'8

A

980°901
£l

e

|

—uﬁoﬁﬂ :D_uuw.:ov 10113

sporg pesstT Aend u2am)9¢] S

6T

syexpRIq Ul

madde senfea-d .

at[) Jo symsax At} spiodal AqH sl

Fepuy] 991 d 98 2EL

{(%200°0) (cgev'0) (1£88°0) (8e98'0)
0£60°0 | £5208°0 ZI60T0 10 - FT118T°0— | €0 — F8L999°0— 141y
{0000°0) (0000°0) (11€0°0) (£859°0)
612870 | 61621 19L61°0 GEPET 0= £0 — FV889°0 uolg
(0000°0) (2656°0) (c068°0) (68€1°0)
62690 | 88621 | 20— gv98920 | 20— 7eoy16°0 | 20 — FTTIBT0— pislic
{0000°0) (699€°0) (9g8€70) (c16L°0)
00,270} 0021'L | 10— AFEPLGO| 10— 76.698°0— | £0 — F89LTE 0 2970q0Y
{0000°0) (0000°0) (2000°0) (0000°0)
106801 9160°T 12P1Z0 905120 10 — FLS0ET 0— BA3L,
I —
‘sAepung I0j
m 4+ hﬂl_kwh — aum,wu-.@ + ﬁwluH - .—Iu__.mvﬂ% 3 _Iw_smdwmu i ﬁm_ = ANI._H = nHv



0%

, syepelq Ul reodde sanea-d .

-sAepuojy 10}

m 4 x V' + (17— EA)

._vw.uOE 011291102 JoLI9 91 J

sx0015 PaistT Af[eng usamiag so3

ﬂ% + WT.._.._M_QN.Q =8 «% =1y
o synsal e sytodal ajqel s L

epury 9211 28 9[EL

[ (o8ze0) | (c889°0) (6¥6E0) (2e1v0)

g6z | 8960 | 220070~ | 8¥SEF0 | 10— FLGLEFD g8011°0 70 — FOPOLE O 1h1y
(0000°0) (8¥L0°0) (zL€20) (£2£0°0)

o1t | 2007g6 | c68g0 | 2PFEL 110~ F16816°0 | 10 — FES5TS'0— | 20 — ABFOET 0= uol|d
(0000°0) (22620 (z6¥6°0) (8g¥¥0)

2ot | 1ogvor | teLg0 | tisgl 110~ 7060820 | 10 — F6£.85°0— | €0 — FPLOILO- nqd
(0z0£'0) (6289°0) (1092°0) (L1690)

162 | 98¢0 |g1200— | 618520 | 10— 79p6870 | 10 — FS020v°0 | €0 — TB9ET0 997040y
(0000°0) (1592°0) (£0¥F0) (#p21°0)

sett| TheL | 2280 | FSEOT 120~ 766.20°0 | 10 — F1¥E8T0— | 20 — FTI0ET 0= BAY,

u J Y tg £9 | e 19



syooeiq Wt teadde senfeA-d .

(1200°0) {(¥86¥°0) (L6ED'0) (9209°0)
vzz | p1g9 | 92pz0 | 2€9€8°0 | 10 — FGIFBO0 PILST0 70 — AS6F8L0 141y
(0000°0) (L¥16°0) (1000°0) (827L°0) s
6og | pLp611 | 02290 | pOEYT |80 — FL8KEE0 | 10— 7987.6°0 | £0 — H€92¢E 0~ | UOMH
(0000°0) (zze0'0) {£000°0) {1968°0)
608 | zo9'g01 | L0850 | 86TET | 10 — FT8I080 080210 £0 — FS9ZEL0 nqid
($000°0) {9vLL0) (zLsv0) (686v°0)
vez | ozue |sotzol 0482270 | 10— F6029¢°0 10 — 7168980 | 20— FSITGLO | 99309%U
(0000°0) {(0000°0) (0000°0) (000070)
6og | o606 | ZFeg 0| OPELT 00LTT0 GOEFT0 70 — 41281870~ BADL,
u A A 9 9 i g
‘sfepson], 10§
4 1 YT + (17T — 1)+ (7 — IR+ 19 =12V

[2pOt UOT1I2110D

s0075 PaIst AqEn

10112 211 Jo Sy[nsax Aty sprodar aqel SL

q ueam)ag] seS\{ur] 221 P a|qelL




29

30

31

32
33

34
35
16
37

38

39

40
41

42
43

44

45

46

47

48

CES Working Paper Series

Michael Funke and Dirk Willenbockel, Die Auswirkungen des "Standortsicherungsge-
setzes" auf die Kapitalakkumulation - Wirtschaftstheoretische Anmerkungen zu einer
wirtschaftspolitischen Diskussion, January 1993

Michelle White, Corporate Bankruptcy as a Filtering Device, February 1993

Thomas Mayer, In Defence of Serious Economics: A Review of Terence Hutchison;
Changing Aims in Economics, April 1993

Thomas Mayer, How Much do Micro-Foundations Matter?, April 1993

Christian Thimann and Marcel Thum, Investing in the East: Waiting and Leamning, April
1993

Jonas Agell and Kjell Erik Lommerud, Egalitarianism and Growth, April 1993
Peter Kuhn, The Economics of Relative Rewards: Pattern Bargaining, May 1993
Thomas Mayer, Indexed Bonds and Heterogeneous Agents, May 1993

Trond E. Olsen and Gaute Torsvik, Intertemporal Common Agency and Organizational
Design: How much Decentralization?, May 1993

Henry Tulkens and Philippe vanden Eeckaut, Non-Parametric Efficiency, Progress and
Regress Measures for Panel Data: Methodological Aspects, May 1993

Hans-Werner Sinn, How Much Europe? - Subsidiarity, Centralization and Fiscal Com-
petition, July 1993

Harald Uhlig, Transition and Financial Collapse, July 1993

Jim Malley and Thomas Moutos, Unemployment and Consumption: The Case of Mo-
tor-Vehicles, July 1993

John McMillan, Autonomy and Incentives in Chinese State Enterprises, August 1993

Murray C. Kemp and Henry Y. Wan, Jr., Lumpsum Compensation in a Context of In-
complete Markets, August 1993

Robert A. Hart and Thomas Moutos, Quasi-Permanent Employment and the Compara-
tive Theory of Coalitional and Neoclassical Firms, September 1993

Mark Gradstein and Moshe Justman, Education, Inequality, and Growth: A Public
Choice Perspective, September 1993

John McMillan, Why Does Japan Resist Foreign Market-Opening Pressure?, September
1993

Peter J. Hammond, History as a Widespread Externality in Some Arrow-Debren Market
Games, October 1993

Michelle J. White, The Costs of Corporate Bankruptcy: A U.S.-European Comparison,
October 1993



49

50

51
52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Gerlinde Sinn and Hans-Werner Sinn, Participation, Capitalization and Privatization, Re-
port on Bolivia's Current Political Privatization Debate, October 1993

Peter J. Hammond, Financial Distortions to the Incentives of Managers, Owners and
Workers, November 1993

Hans-Wemer Sinn, Eine neue Tarifpolitik (A New Union Policy), November 1993

Michael Funke, Stephen Hall and Martin Sola, Rational Bubbles During Poland's Hyper-
inflation: Implications and Empirical Evidence, December 1993

Jiirgen Eichberger and Ian R. Harper, The General Equilibrium Foundations of Modern
Finance Theory: An Exposition, December 1993

Jiirgen Eichberger, Bayesian Leaming in Repeated Normal Form Games, December
1993

Robert 8. Chirinko, Non-Convexities, Labor Hoarding, Technology Shocks, and
Procyclical Productivity: A Structural Econometric Approach, January 1994

A. Lans Bovenberg and Frederick van der Ploeg, Consequences of Environmental Tax
Reform for Involuntary Unemployment and Welfare, February 1994

Jeremy Edwards and Michael Keen, Tax Competition and Leviathan, March 1994

Clive Bell and Gerhard Clemenz, The Desire for Land: Strategic Lending with Adverse
Selection, April 1994

Ronald W. Jones and Michihiro Ohyama, Technology Choice, Overtaking and Compara-
tive Advantage, May 1994

Eric L. Jones, Culture and its Relationship to Economic Change, May 1994

John M. Hartwick, Sustainability and Constant Consumption Paths in Open Economies
with Exhaustible Resources, June 1994

liirg Niehans, Adam Smith and the Welfare Cost of Optimism, June 1994
Tonu Puu, The Chaotic Monopolist, August 1994

Tonu Puu, The Chaotic Duopolists, August 1994

Hans-Wermner Sinn, A Theory of the Welfare State, August 1994

Martin Beckmann, Optimal Gambling Strategies, September 1994

Hans-Wemer Sinn, Schlingerkurs - Lohnpolitik und Investitionsférderung in den neuen
Bundesliindern, September 1994

Karlhans Sauernheimer and Jerome L. Stein, The Real Exchange Rates of Germany,
September 1994

Giancarlo Gandolfo, Pier Carlo Padoan, Giuseppe De Arcangelis and Clifford R, Wymer,
The Italian Continuous Time Model: Results of the Nonlinear Estimation, October 1994



70

7

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

Tommy Staahl Gabrielsen and Lars Sgrgard, Vertical Restraints and Interbrand Compe-
tition, October 1994

Julia Darby and Jim Malley, Fiscal Policy and Consumption: New Evidence from the
United States, October 1994

Maria E. Maher, Transaction Cost Economics and Contractual Relations, November
1994

Margaret E. Slade and Henry Thille, Hotelling Confronts CAPM: A Test of the Theory
of Exhaustible Resources, November 1994

Lawrence H. Goulder, Environmental Taxation and the "Double Dividend": A Reader's
Guide, November 1994

Geir B. Asheim, The Weitzman Foundation of NNP with Non-constant Interest Rates,
December 1994

Roger Guesnerie, The Genealogy of Modern Theoretical Public Economics: From First
Best to Second Best, December 1994

Trond E. Olsen and Gaute Torsvik, Limited Intertemporal Commitment and Job Design,
December 1994

Santanu Roy, Theory of Dynamic Portfolio Choice for Survival under Uncertainty,
July 1995

Richard J. Arnott and Ralph M. Braid, A Filtering Model with Steady-State Housing,
April 1995

Vesa Kanniainen, Price Uncertainty and Investment Behavior of Corporate Management
under Risk Aversion and Preference for Prudence, April 1995

George Bittlingmayer, Industry Investment and Regulation, April 1995

Richard A. Musgrave, Public Finance and Finanzwissenschaft Traditions Compared,
April 1995

Christine Sauer and Joachim Scheide, Money, Interest Rate Spreads, and Economic
Activity, May 1995

Jay Pil Choi, Preemptive R&D, Rent Dissipation and the "Leverage Theory", May 1995

Stergios Skaperdas and Constantinos Syropoulos, Competing for Claims to Property,
July 1995

Charles Blackorby, Walter Bossert and David Donaldson, Intertemporal Population
Ethics: Critical-Level Utilitarian Principles, July 1995

George Bittlingmayer, Output, Political Uncertainty, and Stock Market Fluctuations:
Germany, 1890-1940, September 1995



88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

Michaela Erbenov4 and Steinar Vagstad, Information Rent and the Holdup Problem: Ts
Private Information Prior to Investment Valuable?, September 1995

Dan Kovenock and Gordon M. Phillips, Capital Structure and Product Market Behavior;
An Examination of Plant Exit and Investment Decisions, October 1995

Michael R. Baye, Dan Kovenock and Casper de Vries, The All-pay Auction with Com-
plete Information, October 1995

Erkki Koskela and Pasi Holm, Tax Progression, Structure of Labour Taxation and Em-
ployment, November 1995

Erkki Koskela and Rune Stenbacka, Does Competition Make Loan Markets More Fra-
gile?, November 1995

Koji Okuguchi, Effects of Tariff on International Mixed Duopoly with Several Markets,
November 1995

Rolf Fiire, Shawna Grosskopf and Pontus Roos, The Malmquist Total Factor Producti-
vity Index: Some Remarks, November 1995

Guttorm Schjelderup and Lars Sgrgard, The Multinational Firm, Transfer Pricing and the
Nature of Competition, November 1995

Guttorm Schjelderup, Kire P. Hagen and Petter Osmundsen, Internationally Mobile
Firms and Tax Policy, November 1995

Makoto Tawada and Shigemi Yabuuchi, Trade and Gains from Trade between Profit-
Maximizing and Labour-Managed Countries with Imperfect Competition, December
1995

Makoto Tawada and Koji Shimomura, On the Heckscher-Ohlin Analysis and the Gains
from Trade with Profit-Maximizing and Labour-Managed Firms, December 1995

Bruno S. Frey, Institutional Economics: What Future Course?, December 1995
Jean H. P. Paelinck, Four Studies in Theoretical Spatial Economics, December 1995

Gerhard O. Orosel and Ronnie Schib, Internalizing Externalities in Second-Best Tax
Systems, December 1995

Hans-Wermner Sinn, Social Insurance, Incentives and Risk Taking, January 1996

Hans-Werner Sinn, The Subsidiarity Principle and Market Failure in Systems
Competition, January 1996

Uri Ben-Zion, Shmuel Hauser and Offer Licberman, A Characterization of the Price
Behaviour of International Dual Stocks: An Error Correction Approach, March 1996



	1
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3
	2
	3

