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This paper empirically investigates interdependence between major companies’ stock prices during the 1720 South Sea boom and bust.   This was one of the first documented major financial crashes in the European market.  Empirical tests are conducted by means of rolling coefficients, multivariate cointegration, rolling cointegration, and causality tests.  Results indicate a substantial interdependence among the stock prices during the boom but not during the bust period.  This result implies the failure of the efficient market hypothesis and the diminishing ability of the investors to reduce portfolio risk via diversification during the boom period.  The causality test results provide ample evidence of short-term interaction between shares during the period of increasing prices.  
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1. Introduction
There is ample evidence that, during periods of financial crisis, interdependence (linkage) between stock prices increases via both cross-country assets and cross-assets (see Guo et al. (2011), Longstaff (2010), Cappiello et al. (2006); Hartmann et al. (2004), Arshanapalli and Doukas (1993), Malliaris and Urrutia (1992), and others).
 When financial crisis affects the real economic activity, it affects the stock market, as profit expectation on financial investments would be lower.  If financial investment is affected by the crisis, then the impact would also be felt on the real investment, as real investment would not increase.  Baillie and Bollerslev (1989) and Hakkio and Rush (1989) claim that, in an efficient market, asset prices cannot have a long-run relationship.
  According to these studies, in an efficient market, change in asset prices cannot be predicted, but deviations of prices from a long-run relationship indicate predictable future changes.  An inefficient market reflects barriers to entry in transaction or in inefficient collection, processing and dissemination of information.  Under such conditions, there might be need for public policy (Choudhry 1994).  The integration and interdependence of stock prices also advocates that investors diversify their investment across assets or markets, if returns to different stocks are less than perfectly correlated with each other (Masih & Masih 1999). Thus, benefits from portfolio diversification diminish across countries and assets when stock prices move closer together.  Hon et al. (2006) suggest that the benefits of cross-countries’ assets and cross-assets diversification during crisis periods are reduced considerably.  The vast literature on this topic involves the investigation of the financial crises of the modern times, such as the global financial crisis of 2007-2011, the Asian flu of 1997, and the stock market crash of 1987, among others.  This paper adds to this literature by investigating stock prices’ interdependence during the South Sea Boom and Bust of 1720.  The South Sea Company share prices along with the prices of other British companies rose dramatically from January to June 1720 and remained flat for most of the summer before falling sharply in September and October of the same year (Frehen et al. 2012).  This event has since been termed the South Sea Bubble.
  The main activity of the South Sea Company during 1720 was handling British government debt.  To the best of our knowledge, this is the first empirical investigation of stock price interdependence during this eighteenth-century speculative boom-and-bust period in European stock markets.  Given that this boom and bust was one of the first major documented financial crashes in European markets before the advent of modern technology and its innovations, it is of historical and academic interest to see if long-run relationships between stock prices were affected by this financial crash. The findings provided may have implications for the efficient market hypothesis (EMH) and portfolio risk diversification during a period before the modern-day financial innovations.
According to Dale (2004), until the end of the seventeenth century the main form of investment was in land and property, but during the 1690s there was a boom in company flotation for general subscription.
  There was a shift from more personal to more interpersonal financial interactions due to the expansion of the stock market (Carlos et al. 2015).  By 1695 there were at least 140 companies with a combined capital of £4.5 million, the majority of which was accounted for by three of the largest companies – East India Company, New East India Company, and the Bank of England.
  By 1720 the stock market became an important tool for commerce, public finance, and savings (Carlos et al. 2015), and   was used by companies for IPOs, debt-for-equity swaps by the government, as a vehicle for savings and personal finance, and shares for collateral by individuals and business.  Carlos et al. (2015) further show that, despite a substantial increase in the number of investors from the 1690s and onwards, the large bulk (80%) of the investors held shares in only one company and failed to properly diversify their portfolios.
 According to Carlos et al. (2015), wealth, financial literacy, or firm governance issues were some of the reasons behind the lack of proper portfolio diversification.   
The standard reasons provided for stock prices and market interdependence usually involve modern-day financial setup.  Reasons usually cited are increasingly rapid flow of capital across international markets due to the deregulation of financial markets, improvements in the flow of information, a reduction in transaction costs, innovations in financial products and services, improvement and development of communications technology, and the potential gains from international diversification.  Stock prices may also have long-run relationships if some underlying economic factors systematically affect all prices and markets (Madura 1992).  According to Frehen et al. (2012), although there were not many technological innovations during 1720, several different important financial innovations were implemented.  The first innovation, in government finance, was converting the national debt into the corporate stock of the South Sea Company.
 The second innovation was a major shift in global trade, particularly British trade with the Americas and South Asia. The third innovation was changes in maritime insurance.  In 1720, Britain charteredd the first joint-stock insurance corporations, allowing them to raise capital by issuing shares.  The fourth innovation was the attempt by corporations in Britain to pursue opportunities beyond their charter.
  As indicated by Frehen et al. (2012), these innovations helped form investor optimism during the boom of the South Sea Company during the first six months of 1720.  Given these financial innovations and the rigorous investor activities in the new stock market, it is of interest to investigate the effect of the stock market boom and bust on the linkage between the share prices of major companies.  
The empirical analysis is conducted using daily stock prices from five British companies and a French company during a one-year period, from December 1719 to January 1721.  The analysis is conducted for the total sample period and for the boom (December 1719 to September 1720) and the bust (October 1720 to January 1721) periods.  The empirical investigation is conducted by means of rolling correlations, multivariate cointegration, rolling cointegration and ‘general-to-specific’ causality tests.  When analyzing interdependence among assets, it is of interest to determine if there are any common forces driving the long-run movement of the stock prices or whether each individual stock price is driven solely by its own fundamentals. Multivariate and rolling cointegration analysis can capture this relationship. Test of cointegration between stock prices can also be a direct test of the efficient market hypothesis.  In an efficient market different stock prices cannot be cointegrated (be interdependent); however, when stock markets prices are cointegrated and driven by common shocks with permanent effect, these assets will provide limited possibilities of gaining abnormal profits by diversifying investment portfolios, since they will be arbitraged away in the long term.  If, however, there are persistent deviations from the common trend, then investors might make short-term speculative investments based on the forecast that all prices will revert to a long-term relationship with each other.  Thus, according to Kasa (1992) and Manning (2002), in the case of cointegration between stock prices, it is possible that gains from diversification occur in the short term but not in the long term.  Of course, lack of cointegration between the stock markets’ prices may allow investors to minimize portfolio risk by diversification in the long run and provide evidence of EMH. Thus, if the individual company shares in the British Stock market were integrated during the 1720 boom-and-bust periods, this may shed some light on the EMH and portfolio risk diversification probability.  The rolling cointegration test further allows for the emergence of a clearer picture of the possible dynamic linkages among these stock prices and is also very useful in accounting for multiple structural changes in the underlying relationship.   ‘General-to-specific’ causality tests are then conducted to check for the direction of causality between the stocks.  This test will indicate the direction of the influence between the stocks in both the long term and the short term.
In summary, our results indicate there is a substantial stock prices interdependence and linkage during the boom period (before October 1720) when compared to the bust period (after September 1720).  This result differs from results presented in the literature regarding the financial boom and crash of the modern periods, and indicates the failure of efficient market and diminishing ability of diversification to reduce risk during the bust period.  Rolling cointegration tests further indicate linkage between the stock prices only during the narrow periods of rising (during the height of the boom) and falling prices (during the height of the bust).  Causality tests evince only causality between the prices in the short term.   
We apply the following approach in the paper. Section 2 provides a brief historical discussion of the South Sea boom and bust of 1720.  Section 3 describes the data, the empirical methods applied and results of the test methods.  Section 4 concludes the paper. 
2. South Sea Boom and Bust
The South Sea Company was founded in 1711 in order to help restructure part of the British national debt and exchange debts of soldiers, sailors and other government creditors with shares in the company (Paul 2009; Frehen et al. 2012).
 The South Sea Company outbid the Bank of England to win the right to buy all outstanding English government long annuities, short annuities, and redeemable debts in exchange for its own shares (Dale et al. 2005).
  The government in Britain was exploring different means of managing its outstanding debt, and decided to follow a successful scheme similar to that implemented by the Scotsman, John Law, in France, in 1719.  Law’s Mississippi Operations introduced in France involved the financial innovation of shares for government debt conversion.
According to Garber (1990) Law’s Mississippi Company was financed by taking subscriptions on shares to be paid partly in cash but mostly in government debt.  Under Law’s scheme, the French government privatized the treasury and then simply waited for the commercial expansion of the company to support the rising market prices of the Mississippi Company’s shares (Garber 1990).  The rising prices of the company’s shares during 1719 is directly associated with the expanding activity of the company.   The Mississippi Company share prices rose by a factor of 10 in 1719 and early 1720 (Frehen et al. 2012).  During the spring of 1720 the Mississippi bubble burst when Law set a high exchange ratio between equity shares and bank notes.    
As explained by Dale et al. (2005), the British government applied its own version of John Law’s scheme.  The first major venture by the South Sea Company took place in 1719 when it exchanged over a million pounds of debt for newly issued shares and received annual interest payment from government (Temin & Voth 2004).  This exchange resulted in a substantial decrease in the government debt, increase in the value of shares, and a considerable profit for the company.  Given the success of the 1719 operation, the South Sea Company proposed the conversion of a large bulk of the remaining national debt into its own shares, paying the British Treasury for the privilege (Temin & Voth 2004). The South Sea scheme was implemented in six stages between mid-April and mid-October 1720, comprising two conversion offers and four money subscriptions (Dale 2004).  The company employed several devices to issue more shares, while maximizing the prices.  First, four successive share issues were launched. Second, the partly paid script was designed to attract investors. Third, the South Sea Company encouraged investors to borrow from the company against the security of its shares or subscription receipts.  Fourth, the Company bought its own stocks to support its share prices. Fifth, the Company carefully planned the announcement of dividends to raise the expectations of investors. Lastly, the Company delayed the issue of shares to those who had converted their annuities, and failed to issue receipts for the third and fourth subscriptions.
Against this background, the South Sea share prices and the share prices of other leading British companies increased dramatically from January to June of 1720.  Table 1 shows the five (under study) major British companies’ share prices movement during the first six months of 1720.
Table 1. Company Share Prices 1 January to 22 June 1720
	
	1 January 1720
	23 June 1720
	Percentage Increase

	South Sea Company
	128
	765
	498

	Bank of England
	150
	240
	60

	East Indian Company
	200
	340
	70

	Million Bank
	127
	440
	246

	Royal African Company
	24
	140
	483


Table source: Dale (2004, p. 107)
Table 1 clearly shows the massive increase in the prices during the first six months of 1720.  The biggest jumps are for the South Sea and Royal African companies and this is understandable given that both companies were involved in similar business and trade with the Spanish Americas. On 23 June the South Sea Company closed its books for two months in order to process the mid-summer dividend (Dale 2004).  During these two months the forward prices for the opening of the books were employed as the quoted prices for the shares.  The spot price had fallen dramatically when the books reopened mid-August and, thereafter, the South Sea stock weakened (Dale et al. 2005).  The bubble had burst by mid-October when the share prices fell to £170.
Table 2. Company Share Prices 24 August to 14 October 1720
	
	24 August 1720
	14 October 1720
	Percentage Decrease

	South Sea Company
	820
	170
	79

	Bank of England
	224
	135
	40

	East Indian Company
	315
	145
	54

	Million Bank
	400
	180
	55

	Royal African Company
	122
	36
	67


Table source: Dale (2004, p. 137)

Table 2 presents the share price changes that occurred during the crash from August to October 1720.  All companies show substantial drop in the prices.  The South Sea Company and the Royal African Company show the largest drop just as they experienced the highest jump during the boom.
According to Giusti et al. (2014), many idiosyncratic features of stock trading during 1720 contributed to the bubble and the crash.  These features included the provision of shares to individuals of influence in the form of bribes, providing misleading information about the trade and activities of the company, and contagion from concurrent bubbles in Amsterdam and Paris.  Based on their experiments, Giusti et al. (2014) provide evidence of bubbles’ models emphasizing investor heterogeneity for the South Sea bubble.  According to their experiments, the debt-equity swap of 1720 led to a jump in fundamental value which ignited a major speculative frenzy.  Frehen at al. (2012) conclude that one of the main reasons for the bubble was the difference between the stock price behavior of British companies trading with the East versus the case with the West. This difference was based on the higher expectations about the Atlantic trade.  Price movement during the bubble period presented in Table 1 clearly shows the differences in the behavior of share prices of companies involved in trade with the West (South Sea and Royal Africa) compared to the company (East India) trading with the East.  Furthermore, another factor contributing to the bubble was the speculation in insurance companies.  The chartering and incorporation of insurance companies extended the features of limited liability and access to public capital markets to firms that dealt in risk (Frehen et al. 2012). 
    After the crash of the share prices and extensive investor outrage, in December 1720 the British parliament opened an investigation into the crash.  The report submitted by Parliament revealed extensive fraud as well as corruption among the members of the cabinet.  A series of new measures were implemented to restore confidence, and the estates of the company directors were confiscated in an attempt to remunerate South Sea Company investors.  The remaining South Sea Company shares were allocated to the East India Company and the Bank of England (Temin & Voth 2004).
3. The Data, Methodology and Results 
The daily data applied are obtained from Yale University Management School website.
 As explained by Frehen et al. (2012), the share prices were collected from the Leydse Courant.  These prices were then added to the ones collected by Neal (1990). Leydse Courant prices are not quoted in currency but expressed as a percentage of par-value of paid-in capital (Frehen et al. 2012).
  The prices were quoted as a daily range and the price taken is the average of the range.  Prices for some companies are quoted in more than one city and thus prices from the market with the most liquidity are applied.

The analysis is conducted using prices from five British companies and a French company during a one-year period, from 8 December 1719 to 6 January 1721.  The companies under study are South Sea (SS), Bank of England (BE), Royal Africa (RA), East India (EI), Million Bank (MB) and the French company Mississippi (MS).  These companies are selected because of their size, relevance during the bubble and the crash, and availability of the daily data.  The analysis is conducted for the total sample period, and for the boom (8 December 1719 to 30 September 1720) and the bust (1 October 1720 to 6 January 1721) periods. 
  Investigation of the boom and the bust periods separately will provide insight of the potential changes in the long-run relationships and causalities between the two regimes.  
Figure 1 compares the log of the six share prices during the whole sample and the prices are normalized to 1 at the start of each series. The difference in the price movement between the shares of South Sea, Royal Africa and East India companies may be due to the importance given to the trade with the West compared to the East.  The growth of the two banks and the Mississippi Company is also quite low.  The Mississippi boom had long ended by mid-1720.  Figure 2 shows the stock returns for the six companies.
 The figure clearly shows that all returns are spikier and more volatile during the bust period (beyond September). Higher volatility of returns during modern-day financial crises has been indicated by Schwert (1990, 2011).  

Table 3 present the basic statistics of the returns during the three periods.  There is a notable decrease (as expected) in return from the boom to the bust period.  As expected and seen in other research involving modern-day data, most returns are found to be non-normal by the Jarque-Bera test. All series are found to have thicker tails than a normal distribution (positive kurtosis) during all three periods. The large majority of the series indicates positive skewness.  These are standard results involving stock returns.
We initially study the interdependence between the six share prices by means of realized and rolling correlation coefficients.  According to Baig and Goldfajn (1999), if stock markets or prices are historically correlated, then a sharp change in one market or price will bring an expected change in given magnitude in the other markets or prices.  If there is no significant change in correlations during the crisis period, then the markets or prices are simply reacting to each other, as dictated by their traditional relationship. The scenario is quite different if the correlations change substantially subsequent to the onset of the crisis, in which case one can indeed make the case for interdependence among prices.   

Table 4 presents the realized correlation coefficients between the stock returns during all three periods.
 Realized correlations generate mixed results regarding the change in the correlations from pre-crisis to crisis periods.  Correlation of the South Sea with the Bank of England and East India Company does decrease from the pre-crisis to crisis periods.  All three companies were heavily involved in the debt-for-equity swap scheme.         
We conduct further investigation of interdependence by using rolling correlation coefficients.  The rolling correlation coefficients between the South Sea Company and the other six companies are estimated over a period of three months at a time – for example from December 1719 to February 1720 – and then the correlations are estimated for the next three months, avoiding the first month of the last estimation; thus, the next estimation is from January 1720 to March 1720, and so on.  In this manner, rolling the estimations monthly may give us an indication of the changing correlation (per month) between the prices during and after the bubble.  Figure 3 presents the monthly rolling correlation between the South Sea Company and the other companies.
  It is interesting to note that, across the total period, the bulk of the correlations are between 0.2 and -0.2 and the variation is higher during the boom period. Throughout the period, the highest correlation is with the East India Company and the lowest is with the French Mississippi Company.  The British government and the South Sea Company may have followed a similar scheme to the Mississippi Company scheme in France but the share price of South Sea did not follow the share price of Mississippi.
 The correlation with the East India Company is the only correlation that remains positive throughout the period.  The constant positive correlation may be due to similar debt-for-equity swap activities that both companies were heavily involved in.  Both the Bank of England and Million Bank correlations with South Sea start quite high (above 0.5) but drop sharply and remain low through the period.  The variation in the correlation between South Sea and Million Bank is high.  The variation in the correlation with Mississippi is quite low.  The correlation with the Royal African Company diminishes considerably during the first four months from 0.2 to less than zero.  It remains at less than zero for the next few months before becoming positive and rising after the eighth month and then falling back to less than zero during the eleventh month.  This low correlation between South Sea and Royal Africa may be since Royal Africa was not involved in the debt-for-equity swap scheme.  The point to note is that after the eighth month, except for the East India Company, the other four companies are correlated (in absolute value) similarly with the South Sea Company.  This is the period when the bubble burst and prices were falling fast.  The five correlations are much tighter during this period compared to when the bubble was being formed, but the correlations are not the highest during this period of falling prices.  During the eleventh and twelfth months, except for the East India Company, all other companies are negatively correlated with the South Sea Company with a small magnitude in absolute value.    As indicated by Moon (2001), an increase or decrease in cross-market correlations does not necessarily mean an increase or decrease in the financial market integration, because it can be a transitory phenomenon only observed in periods of high turbulence.  Further investigation of the relationship (and interdependence) between the six share prices is undertaken by means of the Johansen multivariate cointegration test, rolling cointegration test, and the causality test.
Two or more non-stationary time series are cointegrated if a linear combination of these is stationary (converges to equilibrium over time).
Tests of cointegration between different stock prices may also be applied as a test of the Efficient Market Hypothesis (EMH).   In its fundamental formation, the EMH states that the price of an actively traded asset is an optimal forecast of the asset’s fundamental value.  Thus, in an EMH, change in asset prices cannot be predicted.  As noted above, Baillie and Bollerslev (1989) and Hakkio and Rush (1989) claim that, in an efficient market, asset prices cannot have a long-run relationship.
Two reasons are provided for the lack of long-run relationships between asset prices in efficient markets. First, in efficient markets, changes in asset prices cannot be predicted and second, deviations of prices from a long-run relationship indicate predictable future changes.  Thus, the cointegration test in this paper also directly tests for EMH during the South Sea boom and bust.  
Cointegration tests in this paper are conducted by means of the Johansen (1988) and Johansen and Juselius (1990) procedure.
  This method makes it possible to estimate all cointegrating vectors when there are more than two variables.  The Johansen method applies the maximum likelihood procedure to determine the presence of cointegrating vectors in non-stationary time series.  This method detects the number of cointegrating vectors and allows for tests of hypotheses regarding elements of the cointegrating vector.  If a non-zero vector(s) is indicated by these tests, a stationary long-run relationship is implied.
The Johansen maximum likelihood approach sets up the non-stationary time series as the vector autoregressive (VAR), 
ΔXt  =  C  +  
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where Xt is a vector of non-stationary (in level’s) variables, Δ implies first difference, and C is the constant term.  The information on the coefficient matrix between the levels of the series Π is decomposed as Π=αβ', where the relevant elements of the α matrix are the adjustment coefficients, and the β matrix contains the cointegrating vectors.  The constant term is included in order to capture the trending characteristics of the time series involved.
   The Johansen tests are called the maximum eigenvalue test and the trace test; but in the case of a small sample (as in this paper), the trace test are clearly superior in terms of power.  Lutkepohl et al. (2005) advocate the application of the trace test when the sample size is small.  The Akaike Information Criterion (AIC) is used to select the number of lags required in the cointegration test.

Table 5 presents the Johansen cointegration test results for the total sample period (Dec 1719-Jan 1721), the boom period (Dec 1719-Sep 1720), and the bust period (Oct1719-Jan 1721).
  All price series are applied in logarithm.  Results indicate a long-run stationary relationship between the share prices during the total sample period and during the boom period.  During both tests we find one significant vector at the 5% level, implying one stationary relationship during both periods.  We fail to find a significant relationship during the bust era.  This result contradicts results presented in the literature regarding modern-day financial crises;
  Choudhry (1996) however shows that, after the crash of 1929, interdependence between stock markets decreased substantially.    The total sample result may be dictated by the boom period result.  The cointegration results provide evidence of EMH during the bust period but not during the boom period.  This result also implies that portfolio risk may be minimized during the bust period by means of diversification but not during the boom period.    These results also have strong implications for investors of that period regarding investment strategies.
   
The significant cointegration vector is conferred economic meaning using normalization on the log of the South Sea Company price index.
The normalized vectors present the implied long-run elasticities obtained from these normalized equations.  Normalization is only conducted if a non-zero vector is indicated by the cointegration tests; thus, no normalized coefficients are presented for the boom period.  The coefficients are tested for significance by means of the chi-square statistics.  Table 6 presents the normalized coefficients and the chi-square statistics.  The normalized coefficients’ size and sign represent the magnitude and the direction of the relationship between the prices, respectively.  Using the total sample period, only the Bank of England and East India Company prices are significant.  In absolute value, the East India Company imposes a greater effect on the South Sea Company prices.  The relationship is a direct one with East India and an inverse one with the Bank of England. This was also confirmed by the rolling correlation in Figure 3.   The rolling correlation between the East India Company and the South Sea Company stayed positive throughout the sample period while the correlation between the Bank of England and the South Sea Company is mostly negative.  During the boom period, the result is similar.  Once again only the Bank of England and East India Company are significant in the normalized equation and, once again, in absolute value, East India has the largest effect on the South Sea.  The direct influence of the East India Company on the South Sea Company is substantial during both periods.  During the total sample period, a 1% increase in the East India prices results in an almost 9% jump in the South Sea share prices.  Similarly, during the crash period, a 1% jump in the East India prices causes around a 7% increase in the South Sea prices.  
Further the dynamic convergence between these stock prices across the period is investigated by means of rolling cointegration analysis.  This procedure provides information about linkage at every stage reflecting the variation in the interrelationship among the stock prices due to new information (Mylonidis & Kollias 2010).  In the rolling tests, the sample size is kept the same, but the sample period can change.  When the sample period changes with each rolling estimation, the observed trace test statistics at every stage reflects the variation in the degree of cointegration relationship due to new information.  Thus, using this procedure, one may assess whether the linkage between these stock prices becomes stronger as the process of the South Sea crisis deepens.  Additionally, rolling cointegration analysis is very useful in accounting for multiple structural changes in the underlying relationship (Mylonidis & Kollias 2010).   The continuous plot of trace test statistics for a rolling, fixed-length window provides important information about the time-varying pattern of the number of cointegration vectors.  In this paper the test statistics are calculated for rolling 66 observations (approximately three months) time window by adding one observation to the end and removing the first observation, and so on.  That is, starting with observations 1-66, the first trace statistic is estimated, and then the trace statistics for 2-67, 3-68, etc, are estimated.   Reinsel and Ahn (1992) suggest that, because of the small sample, the critical value of the Johansen trace test should be adjusted by the factor T/(T – nk) where T is the effective number of observations and n is the number of variables.  The trace statistics obtained from the rolling cointegration tests are scaled by the adjusted critical values at the 5% significance level and plotted in Figure 4.  Cointegration between these stock prices is indicated when this series is greater than one.
  
Figure 4 shows that trace test statistics do not display any clear pattern throughout the whole sample.  During late spring and early summer there is an upward trend in the trace statistics resulting in strong cointegration during this period before South Sea closed its books for two months.  Before July there was a massive increase in most of the prices.  This strong result may have dictated the significant multivariate cointegration during the pre-crisis period.  On 23 June South Sea closed its books for two months, and the sharp drop in the trace statistics is clearly visible.  There is another upward trend during September and October 1720 when all prices were rapidly decreasing the combined effect of which resulted in the South Sea crash.  There is evidence of cointegration during this period.  Thus, rolling cointegration tests only show cointegration between the stock prices during the periods of rising and falling prices. After October there is no evidence of linkage between the stock prices.  This may explain the lack of evidence of linkage during the crisis period by means of the multivariate cointegration.  
Cointegration also implies that the transitory components of the series can be given a dynamic error correction representation – i.e. a constrained error correction model can be applied that captures the short-run dynamic adjustment of cointegration variables.
  The constrained error correction model allows for a causal linkage between two or more variables stemming from a common trend or equilibrium relationship.  If two or more variables share a common trend, causality in the sense of Granger (1988) must exist in at least one direction (Maddala & Kim 1999).  The methodology applied in this paper follows the Hendry (1987) ‘general-to-specific’ paradigm.  The causality tests are only conducted for periods where cointegration is confirmed – total sample and boom periods.  
Within a constrained error correction model, causality may arise from two sources (Granger 1988).  The short-term dynamic interaction between the share prices and the conventional tests of causality may be based on the significance of these terms.  The disequilibrium adjustment of each variable towards its long-run equilibrium value is then captured by the error correction term, with the coefficient of this term in each individual equation depending on the speed of adjustment of the variable towards its long-run equilibrium value.  In these models, a variable is exogenous only if the lagged changes in the dependent variables provide explanatory power.   

The maximum number of lags applied in these tests is four.
  Then, as required by the general-to-specific method, the dimensions of the parameter space are reduced to final parsimonious specifications by eliminating insignificant coefficients or imposing statistically insignificant coefficients.  Under the general-to-specific approach, diagnostic tests of the statistical adequacy of the model come first, with an examination of inferences for the theory drawn from the model delayed until after a statistically adequate model has been found (Brooks 2002).
Table 7 summarizes the short-term causality results.
  We only present cointegration-oriented causality results between the prices during both the total sample and the boom periods.  The error term is insignificant in both tests thus indicating lack of evidence of long-term causality between the prices.  During the total sample period, East India Granger-causes most firms’ share prices, thereby indicating the importance of this company.  The boom period provides mixed results as all firms Granger-cause each other to some extent.  During the boom period, South Sea, Bank of England and East India dominate the causality influence.  Results indicate each share causing other share prices with Mississippi imposing the least.  All results including the causality results seem to indicate that the Mississippi Company did not play a major role during the boom of the South Sea bubble; but the Mississippi Company did cause the South Sea and the Bank of England prices. This result also implies the failure of the efficient market hypothesis and the ability to reduce portfolio risk by means of diversification during the boom period. 
   
4. Conclusion
The South Sea bubble and crash of 1720 was one of the first documented financial crashes of the European stock market.  Share prices of South Sea and other British companies started to rise in early 1720 and continued to do so during the summer.  The bubble burst by October and prices fast declined.  The South Sea Company’s main business activities during this period were swapping British government debt for equity in the company and trading with Spanish America.   This paper undertakes an empirical investigation of the effect of this stock market boom and bust on the interdependence (linkage) of the share prices of a few major companies.  Study and results of interdependence of the share prices will have implications for the efficient market hypothesis (EMH) and ability of the investors to reduce portfolio risk by means of diversification.  There is ample evidence that, during periods of financial crises of the modern era, interdependence between stock prices increases via both cross-country assets and cross-assets.  The literature involving the South Sea crash is vast but lacks a direct study of the effect of the crash on the relationship between share prices during that period.  The late 1690s and early 1700s was also a period of several new financial innovations and a booming new stock market.  Given the new financial innovations, the rigorous investor activities in the stock market, and the lack of previous studies, it is of academic interest to investigate the effect of the 1720 stock market boom and bust on the linkage between the share prices.  This is the contribution of this paper.  
The empirical analysis is conducted using daily stock prices from five British companies and a French company during a one-year period, from December 1719 to January 1721.  The analysis is conducted for the total sample period and for the boom (December 1719 to September 1720) and the bust (October 1720 to January 1721) periods.  Empirical investigation of the two regimes separately can potentially indicate the changes in the share price interdependence due to the crash.  The empirical investigation is conducted by means of rolling correlations, multivariate cointegration, rolling cointegration, and ‘general-to-specific’ causality tests.  The multivariate cointegration tests indicate that, during the falling prices (bust) period, interdependence (linkage) between the share prices decreases substantially.  There is no evidence of a long-run relationship between the prices during the bust period.    Presence of a significant long-run relationship during the boom period also implies a failure of the efficient market hypothesis and diminishing ability to reduce portfolio risk by diversification.  Investors of that period faced the same investment strategy problems as the investors of today face during boom and bust.  Results from the rolling cointegration tests indicate that significant linkage between the stock prices is only during periods of rising and falling prices; this result may have dictated the multivariate cointegration results, which are stronger during the boom period.   Further linkages between prices are investigated by the general-to-specific causality test.  There is more evidence of short-term causality between the prices during the boom period.  This increase in interaction between the share prices is expected because of the stronger cointegration test results found during this period.  Finally, we have shown that the influence of the South Sea, East India and the Bank of England is quite prominent during the boom period.  
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 Figure 1. Log of Stock prices
 Note:  BE = Bank of England, RA= Royal African, EI = East India, MS = Mississippi and MB = Million Bank.
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Figure 3. Monthly Rolling Coefficients between South Sea and other Companies
Note:  BE = Bank of England, RA= Royal African, EI = East India, MS = Mississippi and MB = Million Bank.
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Figure 4. Rolling Trace test of cointegration.  
Note: A value of one and above implies rejection of the null hypothesis of cointegration at the 5% level.  
Table 3. Basic Statistics of stock returns
	Returns
	Mean
	Variance
	Skewness
	Kurtosis
	J-B

	Total Sample (Dec 1719-Jan 1721)

	Bank of England
	0.0024a
	0.0005
	2.281a
	14.929a
	1827.62a

	Royal African
	0.0087a
	0.0029
	2.307a
	12.460a
	1397.43a

	East India
	0.0010
	0.0004
	1.128a
	7.500a
	488.24a

	Mississippi
	-0.0015a
	0.0027
	-0.703a
	14.974a
	1753.06a

	South Sea
	0.0065a
	0.0012
	2.842a
	16.723a
	2483.07a

	Million Bank
	0.0064a
	0.0005
	3.991a
	19.813a
	3593.32a

	Boom Period (Dec 1719-Sep 1720)

	Bank of England
	0.0033c 
	0.0006
	-2.162a
	14.08a
	1347.7a

	Royal African
	0.0105b
	0.0032
	2.258a
	11.28a
	990.5a

	East India
	0.002
	0.0003
	1.911
	10.55a
	849.7a

	Mississippi
	-0.002
	0.003
	-0.748
	14.19a
	1383a

	South Sea
	0.007b
	0.0011
	2.842a
	16.72a
	2483a

	Million Bank
	0.007a
	0.0004
	4.19a
	19.78a
	3088a

	Bust Period (Oct 1720-Jan 1721)

	Bank of England
	-0.003
	0.0002
	2.73a
	10.69a
	191.99a

	Royal African
	-0.001
	0.0009
	-0.56
	5.95a
	45.76a

	East India
	-0.004
	0.0007
	-0.422b
	0.15
	0.890

	Mississippi
	0.002
	0.001
	2.01a
	7.95a
	79.46a

	South Sea
	-0.005
	0.0003
	-2.86a
	11.12a
	189.01a

	Million Bank
	0.001
	0.0003
	2.63a
	11.57a
	181.9a


Note: a, b and c imply significantly different from zero at 1%, 5% and 10% levels, respectively.

Table 4.  Realized Correlations between Stock Returns
Total Sample Period (Dec 1719-Jan 1721)

	
	BE
	RA
	EI
	MS
	SS
	MB

	BE
	1.00
	
	
	
	
	

	RA
	0.316a
	1.00
	
	
	
	

	EI
	0.26a
	0.22a
	1.00
	
	
	

	MS
	-0.028a
	-0.07a
	-0.024b
	1.00
	
	

	SS
	0.056a
	0.05a
	0.18a
	-0.08a
	1.00
	

	MB
	0.208a
	0.12a
	0.14a
	0.07a
	0.01b
	1.00


Boom Period (Dec 1719-Sep 1720)

	
	BE
	RA
	EI
	MS
	SS
	MB

	BE
	1.00
	
	
	
	
	

	RA
	0.26a
	1.00
	
	
	
	

	EI
	0.227a
	0.17a
	1.00
	
	
	

	MS
	-0.027b
	-0.084a
	-0.024b
	1.00
	
	

	SS
	0.06a
	0.037a
	0.27a
	-0.08a
	1.00
	

	MB
	0.31b
	0.20a
	0.12a
	0.10a
	0.06b
	1.00


Bust Period (Oct 1720-Jan 1721)

	
	BE
	RA
	EI
	MS
	SS
	MB

	BE
	1.00
	
	
	
	
	

	RA
	0.42a
	1.00
	
	
	
	

	EI
	0.33a
	0.29a
	1.00
	
	
	

	MS
	-0.01b
	0.05b
	-0.047b
	1.00
	
	

	SS
	0.006
	0.06b
	0.12a
	-0.035b
	1.00
	

	MB
	0.054b
	0.014b
	0.14a
	-0.041b
	-0.10a
	1.00


Notes:  a and b imply significantly different from zero at the 1% and 5% levels, respectively.
BE = Bank of England, RA = Royal Africa, EI = East India, MS = Mississippi, SS = South Sea and MB = Million Bank.
Table 5. Cointegration Test Results

Total Sample Period (Dec 1719-Jan1721)

	Vectors
	Eigenvalue
	Trace test

	r=0
	0.565
	113.982*

	r  1
	0.271
	46.582

	r  2
	0.173
	20.930

	r  3
	0.037
	5.511

	r  4
	0.028
	2.445

	r  5
	0.001
	0.111


Note:*implies significant vector at the 5% level. Lags = 2, Trace correlation = 0.346, Autocorrelation Test LM(1), χ2(36) = 28.213, Normality Test χ2(12) = 129.36*
Boom Period (Dec 1719-September 1720)

	Vectors
	Eigenvalue
	Trace test

	r=0
	0.649
	114.59*

	r  1
	0.234
	38.15

	r  2
	0.163
	18.66

	r  3
	0.054
	5.66

	r  4
	0.020
	1.62

	r  5
	0.002
	0.113


Note:*implies significant vector at the 5% level. Lags = 2, Trace correlation = 0.346, Autocorrelation Test LM(1), χ2(36) = 36.371, Normality Test χ2(12) = 129.36a
Bust Period (October 1720-Jan 1721)

	Vectors
	Eigenvalue
	Trace test

	r=0
	0.712
	83.19

	r  1
	0.706
	54.55

	r  2
	0.541
	26.37

	r  3
	0.261
	8.46

	r  4
	0.050
	1.49

	r  5
	0.014
	0.31


Note:* implies significant vector at the 5% level. Lags = 2, Trace correlation = 0.381, Autocorrelation Test LM(1), χ2(36) = 22.445, Normality Test χ2(12) = 35.66a
Table 6. Normalized Equation
Total Sample Period

	SS
	BE
	RA
	EI
	MB
	MS

	1.00
	-3.895*
(5.565)
	0.020

(-0.145)
	8.869*
(-8.569)
	-2.168*
(3.729)
	-0.867*
(2.897)


Boom Period

	SS
	BE
	RA
	EI
	MB
	MS

	1.00
	-3.50*
(8.15)
	0.13
(1.60)
	6.53*
(10.91)
	-0.60
(1.64)
	-0.49*
(3.22)


Notes. Chi-square statistics in the parentheses.

*implies significantly different from zero at the 5% level.
BE = Bank of England, RA = Royal Africa, EI = East India, MS = Mississippi, SS = South Sea and MB = Million Bank.
Table 7. Summary of Short-term Causality Tests
	Causality to SS
	Causality to EI
	Causality to BK
	Causality to RA
	Causality to MB
	Causality to MS

	Total Sample Period

	East India


	Bank of England

Million Bank
	East India

Million Bank

Mississippi
	No causality
	Bank of England

South Sea

East India


	No causality

	Boom Period

	East India
Royal Africa

Million Bank

Mississippi
Bank of England
	South Sea

Bank of England
East India
Million Bank

	East India 

Royal Africa

Mississippi
	Million Bank
South Sea

Bank of England

East India
	Bank of England

Royal Africa

East India

South Sea


	Bank of England

East India

South Sea


Note: BE = Bank of England, RA = Royal Africa, EI = East India, MS = Mississippi, SS = South Sea and MB = Million Bank.
�Closer co-movement of stock prices during periods of financial crisis is also known as contagion (Bekaert et al. 2005).  Hartmann et al. (2004) provide a mathematical model of financial asset interdependence during a period of crisis.  They also provide a list of references from studies that investigate the effect of the crisis on asset interdependence.  Researchers of stock markets around the global financial crisis of 2007-2011, Asian flu of 1997 and the October 1987 crash generally conclude that the degree of co-movements among stock prices and markets has increased substantially after the crash and during the crisis period; but Choudhry (1996) shows that interdependence among the European stock markets fell after the crash of 1929.





�Dwyer and Wallace (1992) show that there is no general equivalence between market efficiency and lack of a long-run relationship between assets.  See also Crowder and Wohar (1998) and Masih and Masih (1997, 2002).





�A bubble is created when asset prices systematically deviate from fundamental values.  The South Sea Bubble together with the Tulipmania and the Mississippi Bubbles are the early bubbles that occurred during the seventeenth and eighteenth centuries (Dale 2004).  According to Shea (2007b), during the South Sea Bubble along with the shares market, there was also a financial derivatives market that attracted a large number of investors.





� The new Chartered Bank of England dominated the market activity in the 1690s with its initial subscription in 1694 and its additional capital stock in 1697 (Carlos et al. 2015).





� The East India Company was chartered in 1600, the New East India Company in 1698 (the two merged in 1709), and the Bank of England founded in 1694.





� Roughly 0.5% of the total British population had invested in the stock market (Carlos et al. 2015).





� The Bank of England, the New East India Company and the United East India were also involved in the debt-for-equity scheme (Carlos et al. 2015). The Royal Africa Company was a joint-stock trading company and not a moneyed company; thus it did not engage in the debt-for-equity scheme (Carlos et al. 2002). 





� The legitimacy of these attempts to expand the scope of corporations resulted in the Bubble Act in 1720 by the British government (Frehen et al. 2012).  This anti-speculative law stopped the London boom in IPOs and the expansion of existing firms.


�The company also had exclusive rights to trade in Spanish South America and its slave trade activities were undertaken with the assistance of both the Royal African Company and the Royal Navy (Paul 2009).  The Royal Africa Company was founded in 1672 with a legal monopoly of British trade along the west coast of Africa.  According to Hoppit (2001) and Temin and Voth (2004),  trade was always of minor importance to the South Sea Company; as its main purpose was to help the British government organize the national debt and exploit public credit after 20 years of warfare.   It was the largest company in the market from 1711 to 1720 (Carlos et al. 2015).





� Outside of the South Sea Company itself, trade in Bank of England shares was the largest body of trade during the bubble period of 1720 (Mays & Shea 2011).





�John Law opened a conventional note-issuing bank, the Banque General, in June 1716 to support the French government finance.  In August 1717, he started the Compagnied’Occident that took over the monopoly trade with and colonized the territory of Louisiana (Garber 1990).


� Details of the South Sea scheme are provided in Dale (2004) and Frehen et al. (2012).


� Even Sir Isaac Newton lost £20,000 in South Sea Company shares.





� Dale et al. (2005) provide empirical evidence that the South Sea bubble was due to irrational speculative activity.  Shea (2007a) claims that the analyses of Dale et al. (2005) are irretrievably flawed.  Neal (1990) claims that changes in prices during 1720 include a rational bubble and Chancellor (1999) finds that speculative excess drove the market.  Paul (2009) indicates fraudulent behavior of the company directors and gambling mania as the reasons behind the bubble. Kleer (2015) finds little evidence for the standard view of the fraudulent behavior of the company directors.  According to Kleer (2015), the directors acted to support the stock price of the company whenever it came under downward pressure.  Scott (1951) and Dickson (1967) indicate market manipulation and the international transmission of a shock as the reasons for the bubble.





�� HYPERLINK "http://icf.som.yale.edu/south-sea-bubble-1720" �http://icf.som.yale.edu/south-sea-bubble-1720�





� Shares were offered as subscriptions that required an initial payment that secured the subscription rights.





� Liquidity is defined as the market with the largest number of quotes.





� Hu and Oxley (2018) apply the Phillips et al. (2015) approach to test for historical bubbles.  They claim that the South Sea bubble burst late September/early October 1720.   We also apply the Gregory-Hansen test to locate a potential break in the relationship.  Results indicate a potential break mid-July.  This result is available on request.


  


� Stock returns are estimated as the first difference of the log of share prices.





� Realized correlation is equal to realized covariance between the two variables divided by the product of the two standard deviations.  





� In order to save space we only present the graph involving the rolling coefficients between the South Sea Company and the remaining five companies.  Other correlations are similar and are available from the author on request.





� These correlation results do not back the claim by Dickson (1967) and Giusti et al. (2014) that international transmission of shock was one of the reasons for the bubble.


� Since cointegration tests require a certain stochastic structure of the time series involved, the first step in the estimation procedure is to determine if the variables are stationary or non-stationary in levels during the three periods.  All variables are found to be stationary after first difference and non-stationary in levels by means of augmented Dickey-Fuller and Philipps-Perron unit root tests.  These results are quite standard, and thus are not reported, but are available on request.  Individual stock prices that are non-stationary in levels confirm the weak form of the EMH.  A confirmation of non-stationary in levels will imply that, in the long run, these stock prices are not predictable.  Thus, the unit root tests’ results provide evidence of the weak form of EMH during all three periods.





� As stated above, Dwyer and Wallace (1992) show that there is no general equivalence between market efficiency and lack of a long-run relationship between assets.  Dwyer and Wallace base their analysis on zero transaction cost assumption and market efficiency, defined as the lack of arbitrage opportunities.





25 This procedure provides more robust results when there are more than two variables (Gonzalo 1994).  The Johansen procedure reveals, overall, the least size distortion (Haug 1996) and is still more robust than the other methods even when the errors are non-normal (Gonzalo 1994).





26 Cointegrating vectors are obtained from the reduced form of a system where all of the variables are assumed to be jointly endogenous (Dickey et al. 1991).  The cointegrating vectors may be due to constraints that an economic structure imposes on the long-run relationship between the jointly endogenous variables.





 27 As indicated by Harris (1995) and Johansen (1992), the choice of deterministic component in the model has vital consequences for the asymptotic distribution of the rank test statistics.  It is vital in cointegration tests to determine the rank and the specification of the deterministic component of the model.  We checked to determine the components, and results indicated the presence of a deterministic trend.  These results are available on request.


28 According to Gonzalo (1994 p. 220), the cost of over-parametrizing by including more lags is small in terms of efficiency, but this is not true if it is under-parametrized.


� Based on the request by one of the referees, cointegration tests were also conducted for the period before rapid rise of the prices, December 1719 to April 1720.  There is no evidence of cointegration during this period. This result is available on request from the author.





� Guo et al. (2011) and Longstaff (2010).





� Eigenvalue test statistics provide the same conclusion as the trace tests.  These results are available on request.





� Normalization may have been done on the stock index of any of the six companies, but implications of the results would stay the same. 





� Finding cointegration during a large number of contiguous three-month samples will indicate an overall strong result.   





� See Engle and Granger (1987) for a detailed discussion of the error correction modeling strategy based on information provided by cointegrated variables.


� The maximum lags were selected based on the AIC method. These results are available on request.





� Detailed statistical results of causality tests are available from the author on request.


� We also conducted standard Granger causality tests during the bust period (October 1720 to January 1721).  Since no cointegration was found during this period, we only test for causality over the short term, and found ample evidence of short-term causality among the shares.   Interestingly the South Sea Company is the most imposing company, thus, during the bust period; South Sea is the most influencing company.   These results are available on request.
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