
How Fundamental is the Pricing of Liquidity?

Evidence from Bolsa and Börse, 1902-1925

Abstract

We study the pricing of liquidity in financial markets at an early stage of devel-

opment and demonstrate that liquidity is a fundamentally priced determinant of asset

returns. We utilize a unique data set of securities traded on the Madrid Bolsa and

the Zürich Börse between 1902 and 1925. The liquidity level of securities is an impor-

tant determinant of cross-sectional returns, whereas securities’ return sensitivities to

market-wide liquidity shocks or market price movements are not. Our results suggest

that liquidity, rather than systematic risk, is a prominent determinant of asset returns

when the ability to diversify is limited.
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Investors in financial markets may care about the liquidity of the securities in which they

can invest. They could demand compensation, in the form of higher expected returns, to

hold securities that are difficult or impossible to sell readily.

The recent empirical literature demonstrates that liquidity may have an important impact

on security prices. One strand of the literature shows that the liquidity level of a security is

important to explain security returns. Some securities are more liquid than others, and those

that are less liquid earn a higher return on average (e.g., Amihud and Mendelson (1986)).

The other strand treats liquidity as an undiversifiable risk factor. Liquidity in a given market

varies over time, and realized returns of individual securities are correlated with market-wide

liquidity. The undiversifiable risk factor approach documents that a security’s liquidity level

fluctuates over time and that there is a systematic, or market-wide, component to these

liquidity fluctuations (see Chordia et al. (2001), Huberman and Halka (2001), and Amihud

(2002)). Pástor and Stambaugh (2003) show that securities whose returns highly covary with

market-wide liquidity earn a higher expected return than securities whose returns exhibit a

low covariance with market-wide liquidity (see also Acharya and Pedersen (2005) and Sadka

(2006)).

Although investors who hold less liquid securities should, in theory, be compensated

with a higher expected return, evidence of a liquidity effect on security returns is mixed.

Some studies demonstrate a strong positive relation between security returns and illiquidity

(see Amihud and Mendelson (1986), Brennan and Subrahmanyam (1996), and Easley et al.

(2002)). Other studies find little effect of liquidity on security returns (see Korajczyk and

Sadka (2007)). Most studies of liquidity pricing search for a liquidity effect within liquid stock

markets, such as contemporary U.S. and European markets. Despite the growing attention

that liquidity-related issues have received during the past decade, one might suspect that

liquidity played an even more important role in the less liquid financial markets of a century

ago.

We hand collect monthly data on the returns of securities listed on the Madrid and

Zürich exchanges from 1900 to 1925. These were both mid-size European markets, with

very large cross-sectional differences in the liquidity levels of securities. Some securities were
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traded almost daily, whereas others were not traded for years at a time. The quality of

the data from both exchanges are high, and exchange rules were enforced. The formation

of broadly-diversified, liquid portfolios was impossible because there were only a handful of

very liquid stocks and bonds in these markets. In addition, there were no exchange traded

mutual funds available for small investors who wished to diversify. Therefore, investors had

to decide upon the value they would place on less liquid assets on a regular basis. If liquidity

is an important determinant of security returns, we should be able to document this in the

Madrid and Zürich markets.

Although the benefit of being able to trade securities within a period of minutes, as

opposed to hours, is clear, the marginal benefit must be lower than the benefit of being able

to trade daily rather than with a delay of months. Longstaff (2001, 2005) shows that asset

illiquidity has a significant effect on the optimal portfolio choices of investors, leading them

to abandon diversification as a strategy. The difficulty to trade thus may result in under-

divesification of investments, and therefore more idiosyncratic risk (see O’Hara (2003)). This

possible link between illiquidity and idiosyncratic risk may explain why at the same time

that illiquidity is significantly priced in our sample, systematic risks, in the form of exposures

to aggregate returns or aggregate liquidity, are not. This paper therefore complements the

work on idiosyncratic risk and liquidity in the cross-section of stocks (e.g. Spiegel and Wang

(2005)).

An alternative could be to study some current emerging financial markets, whose security

data are available as of the late 1970s. However, these markets may be largely impacted

by the vast flows of foreign investment from developed economies, and their corporate gov-

ernance is often suspect. Our study illustrates the impact of liquidity on security returns

in markets where liquidity is one of the most important factors for investors in financial

markets.

We compare three determinants of security prices: a security’s liquidity as a character-

istic (the liquidity level), a security’s systematic liquidity risk (e.g., Pástor and Stambaugh

(2003)), and the market return beta (from the Capital Asset Pricing Model (CAPM) of

Sharpe (1964)). Our results show that among these variables, the liquidity level is the only

3



significant determinant of the cross-sectional variation of asset returns. This suggests that

despite the theoretical literature that discounts the importance of liquidity as a first-order

determinant of asset prices (e.g., Constantinides (1986), Heaton and Lucas (1996), Vayanos

(1998)), liquidity appears to have a far more fundamental impact on asset pricing. Although

the tests we perform are not new, we perform them in an new setting - markets with acute

differences between the liquidity levels of securities.

The remainder of this paper is organized as follows. Section 1 describes the markets of

Madrid and Zürich and introduces our data set. Section 2 contains measures of stock market

liquidity and security returns, and presents summary statistics of liquidity andmarket returns

for both Madrid and Zürich. Section 3 describes the method that we use to test for liquidity

effects and presents the results and Section 4 concludes.

1 Data

The first stock exchange in Spain was founded in Madrid in 1831. The Barcelona and Bilbao

exchanges opened later in the 19th century (see Vicens Vives (1969)). The first official stock

price list was published in Madrid in 1854 and by the turn of the 20th century Madrid was

a modestly sized market. The Madrid Bolsa is representative of Spanish stock markets as

the major Spanish banks, the big railroad and industrial companies, and federal government

bonds were all listed in Madrid.

The Geneva stock exchange was the first to be founded in Switzerland in 1857. Although

the Zürich stock exchange was only formally founded in 1873 there exist some stock price

lists as far back as 1852. By the turn of the 20th century the Zürich stock exchange was the

largest in Switzerland although it faced strong competition from Geneva, Basel, and smaller

regional exchanges. Most large and medium-sized stocks and government bonds were cross-

listed on two, and sometimes more Swiss exchanges. Banking and industrial stocks were

important as were Swiss federal and cantonal bonds. There were many foreign bonds and a

small number of foreign stocks listed in Zürich, although these were lightly traded.

The stock exchanges of Madrid and Zürich were of a similar size in the early 20th cen-
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tury, the market capitalization of Madrid was £174 m in January 1914 whereas the market

capitalization of Zürich was £171 m.1 However, other indicators of financial development in

Spain were markedly lower than in Switzerland. Only 3% of the Spanish population had

savings accounts in 1910 whereas in Switzerland the figure was 53%. There were 6 types of

financial institutions in operation in Spain in 1900 compared to 7 in Switzerland. By 1929

there were 10 types of financial institutions in operation in Spain whereas in Switzerland the

number had grown to 15 (see Goldsmith (1969)).

We collect prices from the official daily list of the Madrid Bolsa, Boletín de Cotización,

available in the library of the Bolsa de Madrid.2 The Boletín contains a complete listing of all

stocks (acciones), government bonds (fondos públicos), and corporate bonds (obligaciones).

The Boletín contains the price at which a security traded, if it traded that day, and turnover

information. Starting in 1903 the Boletín also reports the last price at which a security

traded and the date of the last trade. The Boletín also contains the official announcements

of the Bolsa, such as company listings and delistings, dividend announcements, and increases

or decreases in the capital of a company. We augment the information in the Boletín de

Cotización with various issues of Anuario Financiero y de Sociedades Anónimas.

We use the daily official list of the Zürich stock exchange, Kursblatt der Zürcher Ef-

fektenbörse, to obtain data on stocks (Aktien), federal government bonds (Schweizerische

Staats-Obligationen), and corporate bonds (Obligationen). The Kursblatt reports bid and

ask quotes between 11am and noon and transaction prices if there was a sale of the relevant

security on that day. We augment the Kursblatt with Vade-mecum des bourses de Bâle,

Zurich et Genève and various issues of Schweizerisches Finanz-Jahrbuch. Data on the date

of the last trade and daily turnover are not available.

We collect price and dividend/coupon data for every stock and federal government bond

that traded at least six times during the period January, 1902 through December, 1925.

The Madrid data set contains 27 government bonds, of which there were 24 Spanish federal

government bonds, two Moroccan government bonds, and one Austrian bond. There are 76

stocks, 14 bank and finance company stocks (of which 2 are foreign), 24 industrial stocks, 12

transportation stocks, five mining stocks, 17 utility stocks, and five stocks of service-based
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companies. We observe the price list every 28th day (every 4th Friday). We record the price

a security traded at if it traded on the 28th day of the period. If it did not trade on the 28th

day of the period, but did trade during the previous 27 days, we record the last traded price

and the date on which the last trade in that security was made.

The Zürich data set consists of 78 government bonds, 34 Swiss federal government bonds

and 44 foreign bonds. There are 209 stocks in our Swiss data set, 69 industrial stocks (of

which 10 are foreign), 73 banking and finance stocks (of which 17 are foreign), 35 transporta-

tion stocks (of which 10 are foreign), 2 South African mining stocks, 22 utilities (of which

15 are foreign), and 8 domestic service-based stocks. As the Zürich price list did not report

the most recent price of securities, we only record prices (bid-ask quotes and/or transaction

prices) on the 28th day of each period. Table 1 presents the number of securities present on

the official list of the stock exchanges in January of each year, including those securities that

did not trade at least six times.

Restricting the data set to securities that trade at least six times, while seemingly innocu-

ous, is somewhat restrictive given the large differences in liquidity levels across securities.

A substantial number of Spanish stocks were listed, remained in the official Madrid list for

years, and were delisted without ever registering a trade. Others were listed, but traded

only a handful of times. An extreme example is the ordinary stock of the Compañía del

Ferrocarril de San Julián de Musques a Castro Urdiales y Traslaviña that remained on the

official list in January 1926, even though it had not been traded in Madrid since August 23,

1902. We exclude securities that traded fewer than six times as information on those secu-

rities is hard to come by, and estimates based on a handful of data points will be extremely

imprecise. The excluded securities are all smaller Spanish companies not important enough

to be reported in either the Boletín or the Anuario Financiero.

Measures of market liquidity in Madrid and Zürich vary substantially over time. On an

average day in Madrid between 20% and 30% of listed securities were traded at least once,

although there was a quiet period between 1910 and 1915 during which on average 15% to

20% of listed securities traded at least once. Market liquidity in Zürich is substantially lower

than in Madrid during the 1900s and 1910s when only 10% to 15% of listed securities traded
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on an average day. After the end of World War I market liquidity in Zürich grew rapidly.

By 1925 30% to 35% of the listed stocks traded at least once on an average day. Market

liquidity does not appear to be highly correlated with the market return with the exception

that in June and July 1914, around the start of World War I, market prices and market

liquidity fell significantly in both Madrid and Zürich. The Zürich Börse closed in August

1914 due to the war and reopened in May 1916. Overall, there is no clear improvement in

market liquidity in Madrid, and if we examine market activity as a proportion of market size

there is a decline over this 24 year period.

2 Measures of Liquidity and Return

2.1 Liquidity Level

There is no consensus on how to measure liquidity. The Madrid Bolsa did not have bid

and ask quotes so we cannot use this measure of liquidity for Madrid although we can for

Zürich.3 We observe turnover data for the Madrid market, although the data do not exist

for Zürich. We construct three measures of the liquidity level for each security.4 Securities

have different levels of liquidity associated with them and the expected return on a security

should depend, to some extent, on how liquid that security is. Due to the restrictions of

our data set, we use three measures of the liquidity level of a security. The liquidity level is

assumed to be constant through time.

1. Proportion of periods in which the security was listed on the exchange and it traded

on the last day of the period. (Madrid and Zürich)

Liquidity1,i =
# of periods in which security i traded on the 28th day of the period

NLi
whereNLi is the num-

ber of periods in which security i was listed (although not necessarily traded).

2. Average number of shares/bonds traded on the 28th day of each period. (Madrid)

The Boletín reported the daily turnover of stocks and bonds on the Madrid Bolsa. As we

observe the Boletín on the 28th day of each period, we average these turnover data through

time for each security.
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Liquidity2,i =
T
t=1 Turnovert,i

NLi
where Turnovert,i is the number of shares or bonds of

security i traded on the 28th day of period t. NLi is the number of periods in which security

i was listed (although not necessarily traded) on the Bolsa.

3. Average bid-ask spread as a fraction of the price. (Zürich)

Liquidity3,i =
T
t=1

Askt,i−Bidt,i
0.5∗(Askt,i+Bidt,i)

NQi
where Askt,i is the ask quote for security i in period t,

Bidt,i is the bid quote, and NQi is the number of periods in which we observe both bid and

ask quotes for security i.

Figure 1 presents the three measures of the liquidity level. The top two graphs show

the liquidity levels using measure one for Madrid and Zürich. There are large differences in

liquidity between securities, some securities traded almost daily whereas for others we do not

observe a single trade. The distributions of Madrid and Zürich look similar, both markets

have many illiquid securities and relatively few very liquid securities. Liquidity measure two

(only available for Madrid) suggests the same interpretation, most securities have little daily

turnover but some have a high turnover. However, liquidity measure three (only available

for Zürich) suggests that the Zürich market may be more liquid than suggested by liquidity

measure one. Although most securities do not trade on a daily basis the average bid-ask

spread is below five percent of a security’s price for over 60 percent of all securities.5

If we examine the liquidity of government bonds and stocks separately we see that bonds

are more liquid than stocks (Figure 2). Madrid bonds are much more liquid than Madrid

stocks, whereas Zürich bonds are only slightly more liquid than Zürich stocks. The reason is

that more than half of the government bonds listed in Zürich are illiquid, foreign government

bonds. Swiss government bonds are much more liquid than Swiss stocks.

2.2 Market Liquidity

Although the liquidity level for each security is fixed over the sample period, the data enables

us to construct a measure of market liquidity for both Madrid and Zürich that captures the

periodic shocks to market activity. During some periods an exchange was quiet, at other

times activity was greater. For each exchange there is one observation of market liquidity
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(the proportion of listed securities that traded on the 28th day) per period:

Market Liquidityt =
# of securities that traded on the 28th day of period t

# of securities that were listed in period t

Figure 3 shows the changing market liquidity of the Bolsa and Börse.6 Market liquidity

has no trend in Madrid although it is quite volatile. Market liquidity in Zürich does not show

a pronounced trend until the 1920s when liquidity increases sharply. Liquidity in Zürich was

lower than usual immediately before and immediately after the closure of the exchange in the

first years of World War I. A comparison between Madrid and Zürich suggests that Madrid

was the more liquid market. The chart is likely to exaggerate the difference because our

sample excludes many securities that were listed in Madrid but traded fewer than six times.

2.3 Security and Market Returns

The return on security i, Ri,t, is
Pt−Pt−1+Dt

Pt−1
where Pt is security i0s price in period t, Pt−1

is its price in period t − 1, and Dt is the value of any dividends/coupons paid between

periods t − 1 and t. However, when prices are not observed continuously the calculation

of returns is complicated due to the problem of missing (nonsynchronous) data. Scholes

and Williams (1977) point out that the discontinuous trading of securities introduces the

econometric problem of errors in variables.

The data we collect on the Madrid Bolsa suffer from the problem of nonsynchronous

data due to infrequent trading which manifests itself in two separate, but interrelated, ways.

First, although we measure security returns over a 28 day period, not all securities trade on

the 28th day of the period. We treat trades that occur at any time during the 28 days as

having occurred at the end of the period for the purposes of calculating a market index for

Madrid.7 Given the format of the Zürich Kursblatt such an approach is infeasible for Zürich

without compiling daily data over 24 years. Second, given the extreme illiquidity exhibited

by many securities, we have the additional problem that we do not observe some prices at

all in a given period. Scholes and Williams (1977) deal with this second problem of missing

observations by dropping return observations for the periods in which no price is observable

as well as for the subsequent period. They state that their approach “greatly simplifies
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the subsequent estimators.” They explain that excluding observations for securities that do

not trade in a given period introduces some variability over time in the market index but

that “presumably, these effects are minor.” Scholes and Williams implicitly assume that less

frequently traded securities are similar to more frequently traded securities. As we explicitly

test whether less frequently traded securities exhibit differential returns, such an assumption

would be inconsistent with the spirit of this paper. Dropping missing observations may be

a reasonable assumption for very liquid markets such as the New York Stock Exchange.

Scholes and Williams’ procedure excludes fewer than 2 percent of all potential returns from

their data set of U.S. stock markets. However, if we were to follow their procedure we

would drop around 72 percent of all potential returns for Madrid. Figure 4 illustrates that

although dropping observations for which there is no trade in a period does not greatly

influence bond indices, it has a substantial effect on stock indices for both Madrid and

Zürich. As most bonds trade frequently, dropping price observations that are not adjacent

to other price observations does not exclude many bond data points. However, for the less

liquid stocks dropping non-adjacent price observations vastly reduces the number of potential

observations.

To robustly estimate a market index we follow three different approaches. First, we follow

Scholes and Williams (1977) and calculate a market index based only on securities that trade

in both period t and t− 1, (an assumption that the data are missing at random) and weight

individual security returns by market capitalization. Second, we calculate a market index by

replacing missing prices by the most recent observed price (an assumption of “stale” prices)

and weight returns by market capitalization. Third, we replace missing prices by a method

of linear interpolation with returns weighted by market capitalization.8

We calculate the market index as Rm,t =
PI

i=1Ri,tWi,t where Ri,t is the return on security

i in period t and Wi,t is the weight of security i in period t. Individual security returns are

calculated by Ri,t =
Pt−Pt−1+Dt

Pt−1
, where Pt and Pt−1 are observed prices, if available, and for

non-observed prices “filled in” using methods two and three. Security weights are given by

Wi,t =
Pi,tIssuedi,t
I
j=1 Pj,tIssuedj,t

, where Pi,t is the price of security i in period t and Issuedi,t is the

number of issued units (shares or bonds) of security i in period t. Table 2 presents average
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annual market returns measured in the common currency of the pound sterling.

Figure 4 shows that the three different assumptions about missing data make little dif-

ference to the calculation of market returns, although there is a small upward drift over time

when using the missing at random method. The correlations of the three monthly return

series are above 98% for Madrid and above 93% for Zürich. Stocks modestly outperformed

bonds over the period 1902 to 1925 in Madrid and strongly outperformed bonds in the Zürich

market.

3 Results

3.1 Determinants of the Liquidity Level

Casual observation indicates that bonds trade more frequently than stocks and securities with

a larger market capitalization trade more frequently than securities with a smaller market

capitalization. To investigate whether industry effects are important we classify securities

as bonds, banks, mining, utilities, transport (mainly railroads), or “other.” The “other”

category consists mainly of industrial companies but also includes some service based firms.

We run a single cross-sectional regression in both Madrid and Zürich of the liquidity level

(measure 1) on a security’s average market capitalization, measured in millions of pounds

sterling, and industry dummies to characterize the determinants of a security’s liquidity

level.9

The results in Table 3 indicate that larger securities have higher levels of liquidity than

smaller securities, and bonds and banks have higher levels of liquidity even after conditioning

on market capitalization.10 The excluded industry category from the regression is “other.”

3.2 Liquidity Pricing Tests

We test for a liquidity effect using the method of Fama and MacBeth (1973). We first use

the entire data set to investigate whether estimates of the market return beta, the liquidity
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beta, and the liquidity level can explain cross-sectional security returns. We then examine

the out-of-sample properties of the model by estimating the market return beta, the liquidity

beta, and the liquidity level over a sub-sample of the data. We then use those estimates to

explain the cross-sections of security returns over the remainder of the data set. As we use

individual security returns, rather than portfolios, our results will suffer from the well known

problem of errors-in-variables. The advantage of using individual security returns is that this

maximizes the number of return observations we observe. Finally, we rank securities based

on their estimated liquidity level, market return beta, and liquidity beta and form high,

medium, and low portfolios and compute portfolio returns. However, due to the illiquid

nature of the markets we study, portfolios consist of relatively few securities.

3.2.1 In-Sample Tests

We run multivariate Fama and MacBeth (1973) regressions to test for a liquidity effect. We

regress individual security returns on the market return beta, the market liquidity beta, and

the liquidity level (liquidity measures 1 and 2 for Madrid and measures 1 and 3 for Zürich):11

Ri,t = δ0,t + δ1,tβi + δ2,tβLIQ i + δ3n,tLiquidityn,i + ut (1)

for n = 1, 2, 3 and t = 2, ..., T.

To estimate a security’s market return beta and liquidity beta we use the trade to trade

procedure of Dimson and Marsh (1983). Their method is superior to other methods when

the timing of the last trade within each period is known. The explanatory variables in

Equation (1), βi and βLIQ i, are estimated by:

Ri,ti√
dti
=

αip
dti
+ βi

Rm,tip
dti
+ βLIQ i

ηtip
dti
+ ui,t for t = 2, ..., T (2)

where Rm,ti is the market return (assuming missing at random) over period ti, ηti is the

sum of the shocks to market liquidity over period ti, and dti is the length (in units of 28

days) between trades. The observations are weighted by the inverse of the square root of the

time between trades to obtain an unbiased and efficient estimator (see Dimson and Marsh

(1983, p. 756)). Although we observe individual security returns and the length of time
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between trades exactly for Madrid (the Boletín reports the most recent price as well as the

date of that price in every issue), we do not have daily market return data. We use a linear

interpolation of the two nearest (28 day) market index values to obtain a daily market index

for Madrid. As the three methods of calculating the market index generate similar monthly

returns we calculate a trade to trade beta using the missing at random market index. We

calculate shocks to market liquidity, ηt, by:

MarketLiquidityt = ρ1MarketLiquidityt−1 + ρ2MarketLiquidityt−2 + ηt. (3)

Work by Bessembinder and Kalcheva (2007) shows that the market microstructure may

potentially contaminate empirical asset pricing tests. Observed transactions often occur at

either the bid or the ask price rather than the “true” price of the security (the “true” price is

often assumed to be the midpoint between the bid and the ask quote). A problem of “bid-ask

bounce” may occur because observed prices are either bid or ask prices rather than “true”

prices. They claim that this effect can “lead to upward bias in the estimated return premium

for illiquidity.” Since our Madrid data are of transaction prices our results are vulnerable

to their critique. We use Bessembinder and Kalcheva’s weighted least squares correction, in

addition to ordinary least squares, for the Fama-MacBeth regressions. The weights we use

are the prior period return plus one.

We present our results in Table 4. Madrid securities with higher market return betas

and liquidity betas earn lower returns although the findings are not statistically significant.

Coefficients on the liquidity level (both measures) are of the correct sign and statistically

significant. Overall, the in-sample results present a consistent picture for Madrid. Investors

on the Madrid Bolsa received a higher return to hold securities that were less liquid. In-

vestors received a lower return for holding securities that were more sensitive to market

movements and market liquidity, results inconsistent with theory, although the coefficients

are not statistically significant. Our findings for Spain are not dissimilar to those of Martínez

et al. (2003) who estimate that high beta and high liquidity beta stocks in Spanish secu-

rity markets in the 1990s earn higher returns, although the estimated coefficients are never

statistically significant.

13



The results for Zürich are not as strong. A security with a higher market return beta earns

a lower return although the coefficients are insignificant. Securities that are more sensitive

to liquidity shocks earn higher returns although the coefficients are marginally significant.

Less liquid securities that traded on the Zürich Börse received higher returns, although the

estimated effects are not statistically significant at traditional levels. Modern research on

Swiss security markets finds that high beta and illiquid stocks have lower price-earnings

ratios (see Loderer and Roth (2003)).

We find that the difference between ordinary least squares and weighted least squares is

negligible, therefore our results are little affected by “bid-ask bounce” effects.

3.2.2 Out-of-Sample Tests

Although we find that the liquidity level was important for the determination of security

returns in Madrid, it is not necessarily the case that at a point in time an investor, if he

or she so wanted, could form a portfolio of less liquid stocks and expect to receive a higher

return from holding them than could an investor forming a portfolio of, otherwise identical,

more liquid stocks. An investor would not have known, perfectly, what a security’s liquidity

level would be in the future. It could have been the case that illiquid securities that had

been earning higher returns would not, from that point on, be traded as frequently so that

the low liquidity level may have occurred after the period of high returns. We test if the

information available to investors at a point in time is helpful to explain securities’ returns

from that time onwards.

We calculate each security’s market return beta, market liquidity beta, and liquidity level,

using all information available to investors in 1917, 1919, 1921, and 1923 respectively. We

then use that information to explain the cross-section of security returns over the remainder

of our data set. We jointly estimate the market beta and market liquidity beta for each

security by:

Ri,ti√
dti
=

αyear,ip
dti

+ βyear,i
Rm,tip
dti
+ βLIQ year,i

ηtip
dti
+ ui,t (4)

for each information set 1902...1917, ..., 1902...1923.
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We estimate\β1917,i, ..,\β1923,i, \βLIQ 1917,i, .., and \βLIQ 1923,i and use these estimates as explana-

tory variables in the Fama and Macbeth cross-sectional regressions estimated over the re-

mainder of the data set:

Ri,t = λyear,t + πyear,tβyear,i + κyear,tβLIQ year,i + φyear,tLiquidity1 year,i + ut (5)

for each out of sample period = 1918..1925, ..., 1924..1925.

We present the out-of-sample results in Table 5. These results confirm that the liquidity

level is the most important variable to explain security returns in Madrid. Securities that

are less liquid in the past earn higher returns in the future, ceteris paribus.12 The results for

the liquidity level are qualitatively the same in Zürich as they are in Madrid, although the

coefficients are never statistically significant. For both markets the coefficients on market

risk and market liquidity risk are of low significance and change sign depending on which

out-of-sample period we use. These results suggest that a security’s sensitivity to market

returns and market liquidity shocks are of little use to predict future security returns in both

markets.

3.2.3 Stocks versus Bonds

Most modern liquidity pricing studies only examine stocks (although see Chordia et al.

(2005) for an investigation of liquidity spillovers from stock markets to bond markets and

vice versa). One reason for this is that in the contemporary financial system the two classes

of assets are traded in distinct markets. Stocks are usually traded on an organized exchange

whereas bonds are usually traded off-exchange in a dealer market. In both Madrid and Zürich

in the early 20th century bond trading was conducted on the same exchange as stocks and

the investors’ manuals we collect some of our data from reported financial details of both

stocks and bonds. There is little evidence that contemporary investors considered stocks

and bonds as clearly distinct asset classes (for example see Appendix A of Goetzmann and

Ukhov (2006)).

We now investigate if the results are heavily influenced by combining stocks and bonds

into a single category. This is potentially a concern, since it is possible that the less liquid
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securities (i.e. stocks, see Table 3) earn a higher return due to an equity premium. To test

the robustness of our results we re-estimate Equation (1) separately for bonds and stocks.12

The results in Table 6 suggest that it is unclear if any of the three explanatory variables

we include can explain the cross-section of bond returns. In particular, the results (weakly)

suggest that more liquid bonds earn higher returns. The results for stocks appear in Table 7.

If we measure the liquidity level as the proportion of days on which a stock trades (measure

1), we find that less liquid stocks receive higher returns. In addition, the estimated coefficient

is statistically significant for Madrid, although not for Zürich. If we measure the liquidity

level as the average bid-ask spread (measure 3) then less liquid stocks earn a higher return

in Zürich. However, if we measure the liquidity level as the average daily trading volume

(measure 2) then the results reverse for Madrid.

In summary, the influence of the market return beta and the liquidity beta on both

stock and bond returns appears weak. It is statistically easier to discern an influence of the

liquidity level on stock returns rather than bond returns. With the exception of measure 2

for Madrid, we find that less liquid stocks earn a higher return.

3.2.4 Portfolios

When we perform single-stock analysis, as we have until now, the problem of errors in

variables arises. The standard way to mitigate this problem is to form portfolios (see e.g.

Amihud (2002) and Pastor and Stambaugh (2003)). The formation of portfolios in relatively

small, illiquid markets, such as Madrid and Zürich poses serious issues, therefore we need to

proceed with caution.

The illiquidity of many securities means that many price (and hence return) observations

are missing. These limitations are most binding in earlier years, but continue to be important

in the latter years. For example, of the 35 (Madrid) and 100 (Zürich) prices observed on

January 9, 1920, on February 6, 1920 14% (Madrid) and 14% (Zürich) of those securities’

prices that appeared on January 9 did not appear on February 6. After 6 months we have

lost 40% (Madrid) and 49% (Zürich) of the original 35 and 100 securities, due to at least

one missing observation, and after one year 49% (Madrid) and 68% (Zürich). Portfolios can
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be formed, but the illiquidity (missing data) problems mean that we need to proceed in a

non-standard way.

Every year, starting in January 1905, we calculate each security’s liquidity level, beta, and

liquidity beta using the previous 3 years of data. We exclude securities (from the calculation

of the liquidity level) which were not listed for the previous 3 years. We exclude securities

(from the calculation of beta and the liquidity beta) for which we do not observe at least

10 return observations over the previous 3 years. Finally, we exclude securities for which

it is not possible to calculate a 12-month return (e.g. a price is missing in either January

1905 or January 1906). We then (in 3 separate rankings) rank securities based on their

estimated liquidity level, beta, and liquidity beta and form low, medium and high portfolios.

We calculate equally-weighted 12-month portfolio returns for the high, medium and low

portfolios. We form new low, medium, and high portfolios, following the same procedure,

each year. Table 8 illustrates the (arithmetic) average portfolio returns, standard deviations

of the portfolio returns, and the average value of the sorting variable (e.g. liquidity level,

beta, liquidity beta) for each portfolio. We also report the average number of securities that

are included in each portfolio.

Given our inclusion criteria, and the generally illiquid nature of the Madrid and Zürich

markets, portfolio sizes are modest. As the Zürich market has bid-ask quotes we are able to

calculate many more 12-month returns for Zürich than we are able to for Madrid. With only

21 years of portfolio returns we can only estimate portfolio mean returns with imprecision.

t-tests of differences in portfolio mean returns are never statistically significant at traditional

levels of significance. However, the low liquidity portfolios in both Madrid and Zürich receive

roughly double the return of the high liquidity portfolios. Consistent with the bulk of our

single-stock regression analysis low beta and low liquidity beta portfolios earn higher returns

than do high beta and high liquidity beta portfolios.

Although our portfolio analysis is subject to serious caveats, it presents a consistent

picture with our regression results - illiquidity is associated with markedly higher returns.
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3.3 The Economic Importance of Liquidity

We demonstrate that the liquidity level of a Madrid security is statistically important in the

determination of its return and somewhat important for securities in Zürich, although not at

traditional levels of significance. Equally important questions are did a security’s liquidity

level explain, to an economically important magnitude, its expected return and secondly, did

the liquidity premiums we find affect the growth of the Madrid and Zürich market?

We quantify the effect of the liquidity level on returns by asking: if a security were to

become more liquid, all else equal, by how much would its expected return fall? We consider

a modest increase in the liquidity level (measure 1) of 0.1 (for example: we consider that a

security would trade not on 50% of all days but on 60% of all days on which it was listed).

The standard deviation of measure 1 is 0.35 in Madrid, and 0.28 in Zürich, so to consider

an increase of 0.1 is modest. Using the in-sample results of Table 4, we calculate that if a

security’s liquidity level increased by 0.1 its expected return would fall by 0.7 percentage

points per annum in Madrid, and 0.4 percentage points in Zürich. In both markets this

magnitude is economically important.

Figure 5 presents the growth of market capitalization, measured in pounds sterling, in

both Madrid and Zürich. Over the 24 year period market capitalization grew by approxi-

mately the same amount in both markets. The compound annual growth rate between av-

erage 1902 and average 1925 market capitalization was 5.9% in Madrid and 5.2% in Zürich.

To look only at the growth of market capitalization can be misleading because market cap-

italization will increase due to some combination of initial public offerings, seasoned issues,

and increases in the market price of listed securities.

Table 1 presents the growth in the number of listed securities on the Madrid and Zürich

exchanges. All securities that were included in the official price lists of these exchanges are

present in this table i.e. we do not exclude very illiquid securities nor corporate bonds as

we have for the regression results. The table indicates that there was much faster growth of

government bonds in Zürich, partly due to the decentralized nature of the Swiss Federation

and the rapid issue of Cantonal bonds. In both markets the number of corporate bonds
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roughly tripled. The number of stocks in Madrid increased by roughly two and a half times,

compared to roughly one and a half times for Zürich.

Figure 5 appears to suggest that, despite a larger liquidity premium in Madrid, the

market managed to grow faster than that of Zürich. The explanation is that although there

was faster growth in the number of listed stocks in Madrid, the Zürich market was more

effective at raising capital. To reach this conclusion we examine those stocks that we use

in our liquidity pricing tests, 76 Madrid stocks and 209 Zürich stocks. We first calculate

their market capitalization in January 1902. We then calculate the capital raised on the

stock exchange by seasoned equity issues and initial public offerings month-by-month until

December 1925.13 We calculate the present value of these monthly capital raisings using an

annual discount rate of 5%. Finally, we calculate the ratio of the present value of capital

raisings to initial market capitalization. This ratio is 0.86 for Madrid, but 0.97 for Zürich,

which indicates that the Swiss market was better able to raise equity finance, although there

was substantially faster growth in the number of listed (but very illiquid) companies in

Madrid. The larger liquidity premium in Madrid may have discouraged the raising of equity

capital there.

4 Conclusions

Our data set of securities that traded on the Madrid Bolsa and Zürich Börse between 1902

and 1925 yield qualified support for the theory of liquidity as a determinant of security

returns. A security’s liquidity level is very important to explain returns in Madrid, although

less so in Zürich, whereas a security’s market return beta and liquidity beta do not appear

to be important to explain returns.

We consider different measures of the liquidity level and although the results differ quan-

titatively, qualitatively they are similar across liquidity measures. Less liquid securities earn

a higher return than more liquid securities, all else equal. Given the nature of the Madrid

Bolsa, with its high number of infrequently traded securities, it is plausible to conclude that

the primary concern of Spanish investors in allocating wealth between securities, was whether
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or not they could buy or sell a certain security within a reasonably short period of time. In-

vestors on the Zürich Börse also appear to have been influenced by liquidity levels, although

the evidence for Zürich is less definitive. A possible explanation is that Swiss investors had

more investment possibilities with which to diversify their holdings of low liquidity securities.

There were more securities listed in Zürich than there were in Madrid. In addition, Swiss

investors had access to the large internal stock exchanges of Geneva and Basel, as well as to

the nearby exchanges in France, Germany, and Austria. For both exchanges the sensitivity of

a security to market returns and market liquidity appears to have been a secondary concern

for investors. These finding are consistent with theoretical predictions about the relation of

liquidity to idiosyncratic risk.
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1We calculate market capitalization figures as the market value of all stocks and federal

government bonds. Madrid and Zürich in 1914 were around 7% of the size of the NYSE. In

2007 the Bolsa de Madrid is around 7% of the size of the NYSE, and the Swiss Exchange

(SWX) is around 5.5% of the NYSE’s size.

2The data were entered by research assistants and checked by the authors for accuracy.

3Some of the Zürich bid and ask quotes appear to be “stale” (i.e. infrequently updated)

as several securities’ quotes are unchanged for several months at a time.

4The richer Madrid data set allows us to construct, in addition to the measures reported

in the paper, the proportion of months in which a security was traded, the probability a

security would trade on a given day, and the average daily turnover as a proportion of

market capitalization. The additional Madrid results (unreported) vary little with different

measures of the liquidity level.

5It is difficult to say whether measures one and three present a contradictory story for

Zürich. The data used to calculate measure three, the average bid-ask spread as a percentage

of the price, are often missing. The absence of bid and ask quotes on certain days may reflect

either little interest in a security on that day or it may represent such large differences

between the (unobserved) bid and ask quotes, that brokers failed to make a market in a

security at that time.

6The data in Figure 3 are smoothed by taking a 7 period moving average of the raw data.

Regression results have been obtained with unsmoothed data.

7This is conceptually the same as treating daily closing prices as having occurred at the

end of the day, even though the reported closing price may refer to a trade that occurred

earlier in the day.

8Investors would not have been able to exactly replicate returns using any of these meth-

ods. The first method requires that investors know in advance which securities will trade

next period. Methods two and three assume that an investor can reweight all of the securities

in his or her portfolio every period (even those that we know did not trade in a particular

period). Ideally, we would like to construct a market index along the lines of the S&P 500
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or the Wilshire 5000. The Wilshire 5000, claimed to be the best measure of the entire U.S.

stock market, drops any security that does not trade for ten consecutive days. If we were to

adopt this procedure it would decimate our data set.

9The exchange rate of pesetas for pounds fluctuated between 25 and 35 during the period

of this study. The Swiss Franc exchanged at 25 per pound sterling until the start of World

War I after which it appreciated to 18.7 per pound in 1918. The Swiss Franc regained gold

standard parity at 25 per pound sterling by 1925.

10Grouping the bonds listed in Zürich into Swiss government bonds and foreign govern-

ment bonds yields coefficients of 0.145 for Swiss bonds and -0.059 for foreign bonds.

11We convert individual security returns to a 28-day basis (i.e. the average return since

the previous observed price) to avoid spurious correlation. If we were not to adjust returns,

but instead to use the total return from the previous observed price to the price observed at

time t, then less liquid securities would tend to have returns measured over a longer duration

(and hence tend to be higher). This would bias the results towards finding that less liquid

securities earn higher returns.

12We still estimate market return betas and market liquidity betas in (2) using both

stocks and bonds as “the market”.

13We exclude the very illiquid stocks that appear in Table 1 due to poor or non-existent

data.
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Government
Bonds

Corporate
Bonds Stocks Government

Bonds
Corporate

Bonds Stocks

1902 36 63 83 50 72 81
1903 35 70 95 64 72 85
1904 35 74 105 70 74 87
1905 33 74 106 66 79 93
1906 37 83 110 69 73 100
1907 40 79 119 71 87 106
1908 44 74 115 76 97 112
1909 48 86 131 85 117 119
1910 50 87 128 94 135 125
1911 55 104 130 106 141 131
1912 55 108 134 114 176 130
1913 55 117 151 123 190 127
1914 52 116 141 138 203 129
1915 53 123 145
1916 57 125 137
1917 62 128 135 157 219 120
1918 59 135 135 161 223 124
1919 54 132 125 167 226 125
1920 55 125 121 176 231 126
1921 57 133 124 180 230 127
1922 64 145 142 201 210 123
1923 80 154 172 213 202 118
1924 79 175 189 214 203 123
1925 80 187 193 217 201 122

Table I
Market Size: Number of listed securities

We present the number of listed securities in each market in January of each year. We separate
the securities into government bonds (both domestic and foreign), corporate bonds, and stocks
(both domestic and foreign).

Madrid Zürich

closed during WW1
closed during WW1



Market Bonds Stocks Market Bonds Stocks
Missing at Random 5.1 4.9 5.7 3.6 3.1 4.7
Interpolated 4.8 4.8 4.9 2.9 2.7 3.8
Last Price 4.7 5.0 4.5 2.6 2.7 2.9

Table II
Average Annual Market Returns

Madrid Zürich

Annual average percentage returns, measured in British pounds, to holding the market portfolio,
a portfolio of only government bonds, and a portfolio of only stocks, respectively. We calculate
the portfolio returns by value weighting the individual security returns. We construct the
missing at random index by using only those securities for which we observe a price in period t 
and t+1 . The interpolated index replaces missing prices by a linear interpolation of the two
closest observed prices. The last price index replaces missing prices by the most recent observed
price. The sample consists of 103 securities listed in Madrid and 287 securities listed in Zürich,
over the period 1902 to 1925.



Madrid Zürich

Market Capitalization (£, millions) 0.016
(5.93)

0.075
(9.82)

Government Bond 0.398
(4.97)

-0.004
(-0.09)

Bank 0.110
(1.47)

0.098
(2.60)

Mining -0.102
(-0.92)

0.466
(3.48)

Utilities -0.31
(-0.44)

0.119
(2.16)

Transport 0.052
(0.66)

-0.024
(0.312)

R2 0.609 0.312
n 103 287

Table III
Determinants of Liquidity Levels

Multivariate, cross-sectional regression of the security liquidity levels on the average market
capitalization (measured in millions of British pounds), and dummy variables for industry
categories in each market. We measure the liquidity level as the proportion of days on which a
security was listed and it traded. Each security's liquidity level is constant through time. The
industry categories are government bonds, banks, mining companies, utility companies, transport
companies, and industrial companies (the excluded category). t-statistics appear in parentheses
below the coefficient estimates.



Variable Madrid
Madrid

(bid-ask bounce) Zürich

Market Return Beta -0.0003
(-0.18)

-0.0002
(-0.16)

-0.0008
(-0.49)

Market Liquidity Beta -0.0273
(-1.14)

-0.0279
(-1.15)

0.0099
(1.84)

Liquidity Level 1 -0.0052
(-2.97)

-0.0051
(-2.90)

-0.0030
(-1.67)

average R2 0.275 0.274 0.107

Market Return Beta 0.0006
(0.26)

0.0006
(0.27)

-0.0016
(-0.98)

Market Liquidity Beta -0.0236
(-1.03)

-0.0241
(-1.05)

0.0081
(1.50)

Liquidity Level 2 -0.00003
(-2.29)

-0.00003
(-2.21) n.a.

Liquidity Level 3 n.a. n.a. 0.0002
(1.60)

average R2 0.272 0.271 0.121

Table IV
Multivariate Regressions - Stocks and Government Bonds

We estimate regressions using the method of Fama and MacBeth (1973). We regress security returns on
their market return beta, market liquidity beta, and liquidity level. We report the average coefficients,
the associated t-statistics, and the average R-squared. To correct for bid-ask bounce we use the
weighted least squares method of Bessembinder and Kalcheva (2007) for Madrid. The weights are the
previous periods' return plus one. We calculate liquidity level 1 as the proportion of days on which a
security was listed and it traded, liquidity level 2 as the average daily trading volume (number of units
traded), and liquidity level 3 as the average bid-ask spread as a percentage of the security's price. Each
security's liquidity level is constant through time. We jointly estimate the market return beta and the
market liquidity beta from a regression of "trade to trade" security returns on market returns and market
liquidity innovations, where innovations come from an AR(2) model. The sample consists of 103
securities listed in Madrid and 287 securities listed in Zürich measured at 28-day frequency over the
period 1902 to 1925.



Market 
Return

Liquidity
Beta

Liquidity
Level average R2 Market 

Return
Liquidity

Beta
Liquidity

Level average R2

1917 -0.0013
(-0.85)

0.0027
(0.37)

-0.0062
(-2.65) 0.158 0.0009

(0.15)
-0.0256
(-1.12)

-0.0011
(-0.14) 0.217

1919 -0.0007
(-0.57)

0.0021
(0.90)

-0.0088
(-4.12) 0.114 0.0146

(1.63)
-0.0831
(-2.32)

-0.0084
(-0.86) 0.164

1921 0.0001
(0.07)

0.0010
(0.12)

-0.0111
(-3.44) 0.109 -0.0016

(-0.27)
0.0196
(0.51)

-0.0151
(-1.89) 0.189

1923 -0.0012
(-1.06)

0.0236
(1.00)

-0.0101
(-2.50) 0.123 0.0029

(0.41)
0.0033
(0.37)

-0.0102
(-1.05) 0.181

Madrid Zürich

Table V
Out of Sample Results: Multivariate Model, Stocks and Government Bonds

We calculate each security's market return beta, market liquidity beta, and liquidity level, using all
information available to investors in 1917, 1919, 1921, and 1923 respectively. We then estimate
regressions using the method of Fama and MacBeth (1973) over the remainder of the data set. We
regress security returns on their market return beta, market liquidity beta, and liquidity level. We
report the average coefficients, the associated t-statistics, and the average R-squared.We calculate the
liquidity level as the proportion of days on which a security was listed and it traded (measure 1). Each
security's liquidity level is constant through time. We jointly estimate the market return beta and the
market liquidity beta from a regression of "trade to trade" security returns on market returns and
market liquidity innovations, where innovations come from an AR(2) model.



Independent Variable Madrid Zürich

Market Return Beta 0.0038
(0.31)

-0.0049
(-1.11)

Market Liquidity Beta -0.0397
(-0.34)

-0.0148
(-1.53)

Liquidity Level 1 0.0063
(0.42)

0.0034
(0.68)

average R2 0.780 0.357

Market Return Beta -0.0038
(-0.68)

-0.0032
(-0.97)

Market Liquidity Beta 0.0240
(0.61)

-0.0017
(-0.17)

Liquidity Level 2 0.00001
(0.54) n.a.

Liquidity Level 3 n.a. 0.0012
(0.99)

average R2 0.772 0.375

Table VI
Multivariate Regressions - Government Bonds

We estimate regressions using the method of Fama and MacBeth (1973). We regress
government bond returns on their market return beta, market liquidity beta, and liquidity
level. We report the average coefficients, the associated t-statistics, and the average R-
squared. To correct for bid-ask bounce we use the weighted least squares method of
Bessembinder and Kalcheva (2007) for Madrid. The weights are the previous periods' return
plus one. We calculate liquidity level 1 as the proportion of days on which a bond was listed
and it traded, liquidity level 2 as the average daily trading volume (number of bonds traded),
and liquidity level 3 as the average bid-ask spread as a percentage of the bond's price. Each
bond's liquidity level is constant through time. We jointly estimate the market return beta
and the market liquidity beta from a regression of "trade to trade" bond returns on market
returns and market liquidity innovations, where innovations come from an AR(2) model.
The sample consists of 27 bonds listed in Madrid and 78 bonds listed in Zürich measured at
28-day frequency over the period 1902 to 1925.



Independent Variable Madrid Zürich

Market Return Beta 0.0012
(0.67)

-0.0007
(-0.44)

Market Liquidity Beta -0.0077
(-0.32)

0.0127
(2.08)

Liquidity Level 1 -0.0063
(-2.49)

-0.0030
(-1.36)

average R2 0.297 0.108

Market Return Beta -0.0529
(-1.66)

-0.0012
(-0.74)

Market Liquidity Beta 0.0400
(0.95)

0.0118
(1.98)

Liquidity Level 2 0.0020
(1.69) n.a.

Liquidity Level 3 n.a. 0.0002
(1.34)

average R2 0.312 0.121

Table VII
Multivariate Regressions - Stocks

We estimate regressions using the method of Fama and MacBeth (1973). We regress stock
returns on their market return beta, market liquidity beta, and liquidity level. We report the
average coefficients, the associated t-statistics, and the average R-squared. We calculate
liquidity level 1 as the proportion of days on which a stock was listed and it traded, liquidity
level 2 as the average daily trading volume (number of units traded), and liquidity level 3 as
the average bid-ask spread as a percentage of the stock's price. Each stock's liquidity level is
constant through time. We jointly estimate the market return beta and the market liquidity
beta from a regression of "trade to trade" stock returns on market returns and market
liquidity innovations, where innovations come from an AR(2) model. The sample consists
of 76 stocks listed in Madrid and 209 stocks listed in Zürich measured at 28-day frequency
over the period 1902 to 1925.



High Medium Low Mean Size High Medium Low Mean Size

Liquidity Level
Mean Portfolio Sorting Value 0.998 0.957 0.675 0.497 0.079 0.003
Portfolio Mean Return (% p.a.) 0.054 0.070 0.090 0.035 0.046 0.074
Portfolio Standard Deviation (% p.a.) 0.056 0.139 0.110 0.100 0.100 0.124

Beta
Mean Portfolio Value 2.723 1.084 0.233 2.354 0.593 -0.428
Portfolio Mean Return (% p.a.) 0.057 0.064 0.087 0.030 0.042 0.046
Portfolio Standard Deviation (% p.a.) 0.159 0.065 0.098 0.097 0.081 0.111

Liquidity Beta
Mean Portfolio Value 0.183 0.023 -0.120 0.470 0.046 -0.348
Portfolio Mean Return (% p.a.) 0.069 0.056 0.080 0.028 0.040 0.050
Portfolio Standard Deviation (% p.a.) 0.116 0.089 0.138 0.083 0.099 0.108

6.1

6.4

6.4

27.0

16.5

16.5

Madrid Zürich

Table VIII
Portfolios: Liquidity Level, Beta, Liquidity Beta

We estimate each security's liquidity level, beta, and liquidity beta using rolling windows of three years (beginning from January 1902 to 
December 1904). We separately sort security's into low, medium, and high portfolios based on their estimates of liquidity, beta, and liquidity 
beta, respectively. We then calculate equally weighted portfolio returns over the subsequent 12 months (beginning January 1905 to January 
1906). We take the arithmetic average of the annual portfolio returns and calculate portfolio standard deviations. We drop securities from the 
liquidity portfolios which were not listed for the whole 3 years, and we drop securities from the beta and liquidity beta portfolios for which 
we do not have at least 10 return observations. We report the average number of securities in a portfolio in the mean size column.



 
 
Figure 1. Security-specific liquidity levels. The top two panels plot the number of securities listed on Madrid and Zürich against the 
proportion of days on which those securities were listed and traded at least once. The bottom left panel plots the number of securities listed 
in Madrid against the average daily turnover of that security (number of units traded). The bottom right panel plots the number of securities 
listed in Zürich against the average bid-ask spread of that security. The average bid-ask spread is calculated as the arithmetic average of (ask 
– bid) / (0.5*(ask + bid)). 



 
Figure 2. Security-specific liquidity levels by type of security. The top two panels plot the number of bonds and stocks listed on the 
Madrid Bolsa against the proportion of days on which those bonds and stocks were listed and traded at least once. The bottom two panels 
plot the number of bonds and stocks listed on the Zürich Börse against the proportion of days on which those bonds and stocks were listed 
and traded at least once. 



  
 
Figure 3. Market Liquidity Levels. The panels present the proportion of listed securities that traded at least once on the day we observe the 
price list for the Madrid Bolsa and Zürich Börse respectively. We take a seven period moving average of the raw proportions. The Zürich 
Börse was closed due to World War One between August, 1914 and May, 1916. 



 

 
Figure 4. Market Indices. The top two panels present value-weighted market indices for Madrid and Zürich measured in British pounds. 
We calculate the missing at random index by using only those securities for which we observe a price in period t and t+1. The interpolated 
index replaces missing prices by a linear interpolation of the two closest observed prices. The last price index replaces missing prices by the 
most recent observed price. The bottom two panels present value-weighted stock and bond indices for Madrid and Zürich. The indices are 
measured in British pounds and use only those securities for which we observe a price in period t and t+1. 



 
Figure 5. Market Capitalization. We present the market capitalization of the Madrid and Zürich markets measured in British pounds. We 
calculate the market capitalization by summing over all listed securities the product of the number of issued securities and the most recent 
observed security price. 
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