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Abstract

This paper challenges the North and Weingast (1989) view that attributes Britain’s ascendancy to economic supremacy to institutions that provided protection of property rights starting in the late seventeenth century. We show that for much of the eighteenth century, interest rates in Britain remained fairly high, and fluctuated considerably in response to political instability. We also show that the volume of British government debt remained low for nearly a century after the institutional changes described by North and Weingast. Finally, we show that British interest rates moved in tandem with Dutch interest rates, suggesting that Britain did not embark on a different path following the institutional changes of the late seventeenth century. We conclude that, in the short run, institutional reforms do not lead to higher growth by lowering the cost of capital. For emerging markets today, this result implies that the immediate financial rewards for internal stability and peace are likely to exceed the short-term benefits from institutional reforms, which will only be rewarded in the long-run.



* We wish to thank Wantje Fritschy for her comments and advice regarding the Dutch data. We are also grateful to Jacob Metzer, Joel Mokyr and Peter Temin for helpful suggestions. This paper was written while Yishay Yafeh was visiting the Berglas School of Economics, Tel Aviv University, and the Institute of Economic Research, Hitotsubashi University, whose hospitality is gratefully acknowledged.

I. Introduction


In a famous article, Nobel Laureate Douglas North and Barry Weingast (North and Weingast, 1989) provide a powerful answer to the old question why was Britain the first country to undergo an industrial revolution and embark on modern economic growth. The explanation offered by North and Weingast focuses on the power sharing institutions that evolved in Britain at the end of the seventeenth century and in the early eighteenth century, following the Glorious Revolution. North and Weingast argue that these institutions made the government (and the Crown) credibly committed not to renege on its debt and to uphold the property rights of individual creditors to which the government owed money. North and Weingast also argue that, following these institutional changes, the cost of capital to the British government declined substantially, a phenomenon, which they interpret as a fall in the required risk premium. They claim that this decline in interest rates prompted the development of financial markets in Britain and lowered the cost of capital to private entrepreneurs. As a result, economic development in Britain far exceeded the relatively slow economic progress experienced by France and the Netherlands in the eighteenth century, two countries that had been as developed as Britain up to the seventeenth century. 

The idea that the protection of property rights is of utmost importance for the economic and financial development of nations has become extremely influential in economics in recent years. In a series of studies that have dramatically changed the academic discourse in financial economics, La Porta et al. (e.g., 1997, 1998) argue that countries whose legal system is of the British common law tradition offer better protection to outside investors. As result, financial markets in common law countries tend to be more developed financial markets and entrepreneurs enjoy better access to external finance. Other authors, e.g. Levine and Zervos (1998) have emphasized the empirical relation between financial development and economic growth. It is therefore both of importance and of relevance to contemporary economic literature to revisit the empirical foundations for the North and Weingast view of Britain’s financial development, and the relation between institutions, financial systems, and economic growth.     


North and Weingast’s claim on the importance of property rights in seventeenth century Britain is backed by empirical evidence of three types. First, they provide some evidence on a decline in interest rates on British government debt in the late seventeenth century. This evidence is based on an incomplete interest rate time series, with observations for several years in the late seventeenth and early eighteenth centuries. Second, North and Weingast offer evidence on an increase in the volume of British government debt around the same time period. Finally, they also provide a general description of the development of the London Stock Exchange in the eighteenth century.


In this paper we attempt to contribute in two ways to the discussion of the hypothesis that institutional change promotes economic growth by reducing the risk premium on government bonds, both generally and specifically in the context of Britain in the seventeenth and eighteenth centuries. Our first contribution is an investigation of trends and structural breaks in British interest rates starting in the late seventeenth century and continuing throughout the eighteenth century, a much longer period of observation than North and Weingast’s. The main conclusion that emerges from this investigation is that interest rates in Britain continued to be fairly high throughout most of the eighteenth century, and even increased in response to instability and wars. Similarly, major increases in the volume of British government debt took place only fairly late in the eighteenth century, much later than the period identified by North and Weingast.  

Our second contribution is a comparison of interest rates in Britain and in the Netherlands between the late-seventeenth century and the late eighteenth century. This comparison shows that some of the trends in interest rates in Britain starting in the late seventeenth century were actually shared by the Netherlands as well, during a period in which no dramatic institutional changes took place in that country. Furthermore, on a per-capita basis, the Netherlands continued to be a larger borrower than Britain for the entire eighteenth century. Finally, some of our statistical tests suggest that interest rates in Britain were influenced, to a large extent, by Dutch borrowing and interest rates, not by domestic institutional changes.
 When British capital markets finally became important (in the second half of the eighteenth century), the industrial revolution had already started, suggesting the possibility that much of the development of financial markets in Britain was in response to economic development rather than the other way around. 

We conclude that, while institutional changes and the protection of property rights have probably contributed in the long run to Britain’s ascendancy to economic supremacy, the effect of these changes was much slower and took place much later than the North and Weingast view suggests. The effect of institutional changes on both government borrowing and on financial markets more generally appears to have been protracted. Much like what Sussman and Yafeh (2000) describe for Japan in the nineteenth century, interest rate fluctuations in eighteenth century Britain appear to have been mostly in response to wars and instability, rather than in response to the constitution and commitment that are so well described by North and Weingast. 

Another interpretation of our results is that the difference between Britain and Continental Europe lies in the British common law legal system, which has provided a more adequate environment for financial and economic activity. The origin of this difference, however, is not necessarily related to the institutional changes of the seventeenth century (see Glazer and Shleifer, 2002). Thus, while it is plausible that some institutions promote economic growth more than others, evidence from both eighteenth century Britain and nineteenth century Japan suggest that the establishment of the “right” institutions is not “rewarded” by a swift reduction in the cost of capital. 

The rest of the paper is organized as follows. The next section surveys some of the related literature. Section III describes the data used in this study, Section IV presents our econometric approach and results, and Section V concludes.

II. A Literature Survey

The present paper is related to several previous studies of the North and Weingast hypothesis and of the changes in Britain’s financial markets starting in the late seventeenth century. Writing long before North and Weingast, McCulloch (1837) describes the determinants of interest rates in Britain as follows: “In the beginning of the funding system, the term fund meant that the taxes or funds appropriated to the discharge of the principal and interest of loans…. Owing perhaps, to the scarcity of disposable capital, but far more owing to the supposed insecurity of the Revolutionary establishment, the rate of interest paid by the government in the early part of the funding system was, comparatively high. But, as the country became richer, and the confidence of the public in the stability of the government was increased, ministers were enabled to take measures for reducing the interest, first in 1716 and then in 1749” (p. 585). This view, dating back to 1837, suggests that the decline in interest rates in 1716 and 1749 followed the high interest rates caused by the instability of the Glorious Revolution (not by the Stuart regime). It also suggests that initially, the British funding system started out by assigning specific tax receipts to pay for interest and principal, a measure that was common among problematic sovereign borrowers of the nineteenth century, such as the Ottoman Empire – hardly the forebear of institutional reform. 

Moving to more recent studies, Clark (1996) examines whether or not private (real) rents on agricultural land declined following the decline in interest rates on government debt in Britain, finding little support for this conjecture. Quinn (2001) also examines the conjecture that private interest rates declined in response to the decline in the government cost of capital. Using archival bank interest rates he rejects this conjecture, and provides a number of explanations why increased government borrowing did not lower private interest rates, as North and Weingast suggest. Wells and Wills (2000) use Bank of England stock price information to examine the impact of threats to the institutional changes of the seventeenth century. Their analysis ends in 1714, but up to that period they find that stock prices declined in periods of threats to the newly established institutions, such as the Jacobite rebellion of 1708. Our analysis adds a long-term view to Wells and Wills’ (2000) study, casting some doubt on institutions as the main cause of interest rate fluctuations in eighteenth century Britain. 

In addition to these attempts to provide evidence based on British interest rates, several other studies cast some doubt on the relative importance of changes in the protection of property rights, in comparison with other institutional changes in seventeenth and eighteenth century England. Brewer (1990), for example, attributes England’s economic and military success to the emergence of a strong government, which he views as the most important transformation that took place in England at the time. O’Brien (2001) attributes Britain’s success to the administrative foundations for a fiscal state, which were put in place in the seventeenth century, and made the British government far more able to collect taxes than her European rival governments.   

The present study is also closely related to several studies of the relation between the cost of capital, institutional changes, and political events. Barro (1987) and Wright (1999) document the relationship between long-term interest rates and wars for the eighteenth and nineteenth centuries. Ferguson (2001) studies long-run fluctuations in British interest rates, and reaches the conclusion that political events were the most important determinant of these fluctuations. Epstein (2000, chapter 2) argues that differences in formal constitutional arrangements do not account for differences in interest rates across Europe between 1300 and 1750. Sussman and Yafeh (2000) investigate the importance of institutional changes and political events in determining the cost of Japanese government debt traded in London between 1870 and 1914, an era of dramatic institutional change in Japan. They find that, institutional change, reforms, a constitution and other similar factors had little impact on yields on bonds issued by the Japanese government at that time. By contrast, political developments such as wars (e.g. with Russia), and economic changes (e.g. the Gold Standard) were far more important factors affecting Japan’s cost of (foreign) capital. The main conclusion that emerges from their analysis is that a country’s cost of capital does not respond immediately to institutional reforms, in contrast with what the North and Weingast view implies, and very much like our findings here. 

Finally, methodologically, the present study applies some of the search for structural breaks techniques applied in Sussman and Yafeh (2000) and in Mauro, Sussman, and Yafeh (2002) to identify important turning points in the series of British interest rates.

III. Interest Rates and Political Changes in Eighteenth Century Britain

Data and Methodological issues

While the North-Weingast argument is very appealing and has won many advocates, its empirical foundations are less than perfectly convincing. The main obstacle is the absence of a high frequency time series of government borrowing rates or government bonds yields for the period following the Glorious Revolution (1688) up until 1753, when British Consol prices become available for the first time.
 This lacuna is critical for any empirical test of the North and Weingast thesis. 

Attempts to bridge this gap have generally followed two different routes. The first is based on examinations of interest rates on private loans, and attempts to infer from them whether or not interest rates declined starting in the late seventeenth century (Clark, 1996, Quinn, 2001). These studies essentially test the conjecture that the (assumed) reduction in the government’s cost of capital led to a decline in the private cost of capital, but do not examine directly if, indeed, interest rates on government bonds experienced a significant change in the late seventeenth century. Moreover, this conjecture is based on the assumption that British capital markets were integrated, an assumption which contradicts Buchinsky and Polak (1993), who show that British capital markets were segmented up until the late eighteenth century.

The second route is based on substitute financial assets from which inference is made about government borrowing rates. Thus, Wells and Wills (2000) use the Bank of England shares as a proxy for government bonds. This approach requires that the Bank of England stock be correlated with British government bonds. This, however, need not be the case because at the time the Bank of England was a private lending institution that made out loans to the government. With the exception of a very severe threat to the existence of the London capital market, the Bank’s profit could increase with the rate of interest charged to the government, so that Bank of England stock prices may well have been inversely related to government bond prices. In fact, during the Seven years’ war (1756-1763), when, for the first time, both Bank of England stock prices and Consol daily yields are available, we find that the correlation between the yields on the two assets is close to zero (-0.07). Furthermore, for the period 1730 to 1753, we find that the 3 percent annuities and the Bank of England stock prices are not co-integrated at all, and that the R-squared of the first differences equation is quite low (0.18). 

Instead of following the existing two routes, we apply a more direct test of the North-Weingast hypothesis, using an implied measure of the government’s borrowing cost based on the ratio between debt service payments and total government debt (taken from Mitchell, 1988). This measure accounts for the long-term average cost of government borrowing. For the initial years following the Glorious Revolution this measure may be an upward bias of the government’s cost of capital, because most of the loans contracted were of short duration and debt service charges included not only interest payments but also debt retirement. To adjust for this factor we also compute debt charges minus terminable loans.
 

An important feature of borrowing in the eighteenth century was that once a “permanent” debt level was established at a given interest rate, 3 percent, additional borrowing was made by issuing similar bonds with the same coupon. Variations in the risk premium were typically not reflected in new Consols with different interest rates, but rather in discounts on the purchasing price of new bond issues.
 Therefore, drawing conclusions from the fact that that the coupon on British Consols declined in 1731 (3 percent coal duties) or 1739 (introduction of 3 percent annuities) as reported by North and Weingast does not necessarily imply that from then on the British government borrowed at these rates.
 To address this point, we use, in addition to average fiscal measures of the government’s cost of capital, data on actual (not coupon) marginal borrowing rates taken from Sinclair (1803). Measures of the government’s cost of capital are combined with data on population, total government expenditure, output, and the Schumpeter-Gilboy price index, drawn from Mitchell (1988). 

In addition to providing new estimates of the cost of capital to the British government, we also compare British government borrowing rates with those of the Province of Holland, the largest and wealthiest in the Netherlands.
 Provincial government borrowing for Holland and the exchange rate between London and Amsterdam are based the European State Finance Database, data on prices are from Mitchell (1998), and data on population are from de Vries and van der Woude (1996). 

IV. Empirical Approach and Results

Institutional Change and Interest Rates in Eighteenth Century Britain 
Figure 1 describes three measures of interest rates on British government debt; two based on the ratio of debt service to total debt, and one on marginal interest drawn from Sinclair (1803). The picture that emerges using the debt service to debt ratio is that interest rates rose until 1709, and then declined to a plateau until 1717. From then on there is a slow decline until interest rates reach a minimum in the late 1750s, which is followed by a very gradual rise until the end of the century. Using the ratio of debt service to debt minus terminable annuities (i.e. using interest payments only), we observe that interest rates reached the 4 percent level in 1714. We also observe an increase in interest rates in the 1720s. These developments coincide with the following historical events. The initial years following the Glorious Revolution were associated with high levels of interest rates. With the coronation of Queen Anne in 1702, interest rates declined, perhaps due to the successful passing of the throne without Stuart intervention. However, Britain became involved in the War of the Spanish Succession (1701-1713), and interest rates began to rise, at least in the initial war years, and then declined. In 1715 Britain faced a Jacobite rebellion, and interest rates rose, until after the Pretender’s defeat in December of that year. In 1717 Britain was again at war with Spain (the War of the Quadruple Alliance, 1717-1720), and interest rates increased, a trend which was reversed following Britain’s decisive victories in 1718, when the Spanish fleet was destroyed. The rising interest rates in 1720s appear to have ended with the accession of George II to the throne and the signing of the treaty of Seville, which brought peace to Britain until 1739, when the War of Austrian Succession broke out, causing a (small) increase in interest rates. Following British victories in 1743, interest rates declined steadily, reaching a low point in 1759, but moderately rose again in the later stages of the Seven Years’ War. Slowly increasing interest rates characterize the rest of the eighteenth century, with a (small) peak during the American War of Independence. 

It is interesting to note that the reforms during the period 1695 to 1707 (the Act of Union with Scotland and securing the passage of the Crown to the house of Hanover), were not associated with a decline in interest rates. We conclude that, at least according to calculations of the British government’s cost of capital derived from fiscal accounts, major wars seem to have had a larger impact on the cost of government borrowing than the reforms, much like what Sussman and Yafeh (2000) find for nineteenth century Japan. 

Using Sinclair’s interest rate series, we observe average rates of interest during the reigns of different monarchs and during major wars. Because the data used by Sinclair are based on aggregated interest payments by reign, interest rates within regimes are “smoothed,” whereas changes between regimes are accentuated. This series exhibits a gradual decline, more in line with the North and Weingast view, between 1695 and the mid eighteenth century, with an increase around the time of the War of Austrian Succession. However, borrowing rates increased substantially during the American War of Independence.
 At their peak in 1779, the marginal borrowing rate reached 6.75 percent, a return to a level which prevailed only during the formative years of the reign of William, following the Glorious Revolution. Thus, according to this series, the war in America reversed the entire path of declining interest rates, casting doubt on the credibility and stability of reforms and institutions.

Before concluding, we observe that the various Jacobite rebellions and pretension towards the British throne in the last decade of the seventeenth century and in the first decade of the eighteenth century produced no discernable effect on any of the series of British interest rates we use. This supports our general impression that, in a long run perspective, these events seem to have been merely “blips,” especially when compared to major wars and international conflicts.

Search for Structural Breaks 

We now turn to an iterative search for structural breaks in the interest rate series, identified by repeatedly estimating the following equation:

log (Risk Premium)t =(0 + (1 log (Risk Premium)t-1+(2∆log (Risk Premium)t-1 +(3EVENTlong+(4EVENTshort,






 (1) 

where EVENTlong is a dummy variable that takes the value zero at all times prior to the proposed break and the value one from the time of the break onwards, and EVENTshort takes the value one at the time of the event, and zero at all other times. If an event had a long-term impact on yields then the “long” dummy variable will be different from zero (assuming the series in not unit root). This method of search for breaks involves repeated estimation of Equation (1) while moving the break date and the corresponding EVENT dummy variables one observation at a time and recording their statistical significance. The break date is at the point where the statistical significance of the EVENTlong dummy is highest (the process can then be repeated within each half of the sample to detect additional break points in sub-periods).

Using this procedure and interest rates calculated as the ratio of debt service to total debt, we identify 1718, the year when the Spanish fleet is defeated, as the year in which the most significant long-term decline in interest rates takes place. We conclude that interest rates in Britain remained high and fluctuated considerably, even after the completion of the institutional changes of the seventeenth century. Only after the end of domestic and international instability did rates go down to a long-term lower level. This result is, again, in line with Sussman and Yafeh (2000), who find that in Meiji Japan too, institutional reforms did not generate an immediate response in the risk premium on government debt (traded abroad), and structural breaks were associated with other events, such as the victory over Russia.

A Comparison of Interest Rates and Debt Levels in Britain and Holland


We now turn to a comparison of government debt in Britain and in the Province of Holland during the eighteenth century. Figures 2 and 3 portray absolute and per capita debt levels in the two countries. It is evident that the government of Holland could (and did) borrow relatively more than her British counterpart. Even in absolute terms, Britain’s debt exceeded that of Holland only around 1715, several decades after the completion of the institutional and constitutional reforms described by North and Weingast (Britain’s population at the time was more than ten times that of Holland). In per capita terms, Britain’s debt remained relatively small until the 1760s, and did not exceed that of Holland during the entire eighteenth century. Our reading of Figures 2 and 3 is therefore that, even without major institutional changes, the government of Holland appears to have been able access financial markets and raise money more easily than its British counterpart.


Figures 4, 5, and 6 portray the cost of debt for the two governments, measured as the ratio of debt services to government expenditures and the (nominal and real) ratios of debt service to debt. All our measures of the cost of capital of the two governments portray a similar picture. Evidently, interest rates in the two countries moved together, so that Britain did not embark onto a different “path” in the eighteenth century (see also Neal, 1990, on financial integration of the two countries starting in the eighteenth century). Figure 4 describes fiscal cycles (debt service to government expenditures), which were related to European wars, and seem to have been quite similar in the two countries, with British cycles being somewhat more volatile. Figures 5 and 6 show that, despite its larger (per capita) volume of debt, interest rates in Holland were lower in the early decades of the eighteenth century than British interest rates, which appear to have been high due to the political instability in Britain described above. 


We now proceed to a more formal analysis. Table 1 presents the long-run determinants of the “spread” (interest rate differential) between the Britain and Holland, based on co-integration tests, and measuring interest rates as the debt service to debt ratio.
 Much like modern “spreads,” the British-Dutch interest rate differential in the eighteenth century was related to Britain’s ability to pay (debt per capita and exports), as well as to the volume of debt in Holland, as measured by the ratio of (absolute) Dutch to British debt. The relative debt of the two countries is used as a proxy for liquidity constraints in the London capital market, caused by demand for capital in Holland. Up until the middle of the eighteenth century, an increase in Dutch debt above that of Britain’s led to “crowding out” (higher cost) of the latter. By contrast, an increase in British debt not accompanied by a commensurate increase in the Dutch debt was associated with a lower interest rate differential, controlling for the effects of Britain’s debt per capita and exports on the risk premium, presumably because of a flow of Dutch capital to Britain. This conclusion is also supported by the vector error correction analysis, which describes short-term dynamics based on the long-term relationship reported in Table 1. The results, displayed in Table 2, indicate that the co-integration relationship generates a plausible short run dynamic relationship, whereby deviations from the long run relationship are corrected within approximately two to three years. The significance of the 1718 break is also evident. Finally, Table 2 suggests the existence of short-term capital movements: the uncovered interest rate parity relationship, which suggests that interest rate differentials should be positively related to the expected change in the exchange rate, holds here.

Table 3 displays VAR results shedding light on changes in the relation between British and Dutch interest rates during our period of observation. Much like the results in Table 1, this analysis suggests that the volume and cost of Dutch government debt affected the cost of debt of the British government. During the first half of the eighteenth century, the effect of interest rates in Holland on the cost of British debt was particularly pronounced. British interest rates were very sensitive to Dutch interest rates, and a high volume of debt in Holland would raise the costs of borrowing in Britain, again, in line with the results in Table 1. However, the financial relationship between the two countries changed in the second half of the eighteenth century, as the London capital market gradually grew in importance. After 1750 the two markets seem to have been fairly integrated. The impact of interest rates in Amsterdam on London rates became lower, and, for the first time, British rates had some effect on Amsterdam rates as well (according to the VAR results of Table 3, prior to 1750 Dutch interest rates were not “caused” by interest rates in Britain).
 Both Table 1 and Table 3 show that, during the second half of the eighteenth century, the relative borrowing needs of the two governments affected both markets in a similar way (with an increase in debt raising interest rates). Thus, there is no longer evidence of “crowding out” of British debt by Dutch debt in this period.

Taken together, the empirical evidence we present suggests that the fruits of the institutional reforms of the seventeenth century did not immediately affect the London financial market.
 Until at least 1750, the London capital market could not supply sufficient liquidity to meet the borrowing needs of the government, which relied heavily on capital inflows from Amsterdam. Had the institutional reforms created sufficient liquidity on the London market, interest rates in Britain would have probably declined much faster than they did. It appears that only with the gradual growth of the British economy (and of exports) did sufficient liquidity become available in London so that government borrowing rates in Britain were no longer subject to liquidity constraints imposed by the Dutch capital market. (Nevertheless, on a per-capita basis Britain still remained behind the Netherlands). The financial “ranking” of Britain and the Netherlands was reversed only in the second half of the eighteenth century, after the onset of the industrial revolution, several significant British military victories, and about a century after the completion of the institutional reforms that followed the Glorious Revolution.

IV. Concluding Remarks

The main conclusion that emerges from the present study is that financial markets do not “reward” countries for institutional reforms in the short run. While institutions matter for long run growth, the mechanism through which they make a difference is apparently not through an immediate reaction of financial markets and a reduction in the cost of capital. By contrast, financial markets do respond immediately to domestic instability and to major wars. This was the case in eighteenth century Britain, and this was the case a century and a half later in Meiji Japan. In both cases, it was not a constitution that made a big impact on the cost of government debt. Instead, it was a decisive military victory (over the Spanish fleet in the case of Britain, and over a major European power, Russia, in the case of Japan), that brought about a dramatic “break” in the interest rate series. In the future, we intend to examine the impact of institutional changes on the cost of sovereign debt of other countries in other time periods, using information on both contemporary and on nineteenth century emerging markets. 
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Table 1

The Long-term Determinants of the British Risk Premium:

Co-integration Analysis
	Dependent variable
	British to Dutch “spread” (interest rate differential) 1699-1790
	British to Dutch “spread” (interest rate differential) 1699-1749
	British to Dutch “spread” (interest rate differential) 1750-1790

	British exports (million pounds)
	-0.133

(-0.077)
	-0.75

(-0.267)
	-0.070

(-0.022)

	
	
	
	

	British debt per capita
	0.093

(0.028)
	0.536

(0.183)
	0.013

(0.007)

	
	
	
	

	Dutch to British debt ratio
	3.392

(0.242)
	4.156

(0.546)
	-0.371

(-0.312)

	N
	92
	51
	41

	Likelihood ratio
	70.3
	57.0
	54.2

	1% critical value
	45.6
	45.6
	45.6


Note: Interest rates are measured as the ratio of debt service to debt. Estimation includes a dummy variable for 1718, when a structural break is identified in the series (except for the period 1750-1790). Standard errors are in parentheses. 

Table 2

Short-run Dynamics of the British Risk Premium:

Vector Error Correction Analysis

	Dependent variable
	D(interest rate differential)

1699-1790
	D(interest rate differential)

1699-1749
	D(interest rate differential)

1750-1790

	Error correction term
	-0.520

(-0.072)
	-0.459

(-0.094)
	-0.378

(-0.121)

	
	
	
	

	Change  in exchange rate

	2.376

(2.216)
	3.716

(4.574)
	0.870

(0.714)

	Dummy for 1718
	-1.062

(0.156)
	-1.335

(0.286)
	N/A

	N
	92
	51
	41

	Adjusted R-square
	0.36
	0.32
	0.200


Notes: based on the co-integration relationship of Table 1.

Forward exchange rate based on a two-year forward-looking variable.

Standard errors are in parenthesis.

Table 3

Cross-effects of the London and Amsterdam Capital Markets:

VAR analysis

	Period
	1698-1790
	1698-1749
	1750-1790

	Dependent variable
	British borrowing rate
	Dutch borrowing rate
	British borrowing rate
	Dutch borrowing rate
	British borrowing rate
	Dutch borrowing rate

	
	
	
	
	
	
	

	British borrowing rate(-1)
	0.476

(0.076)
	0.007

(0.011)
	0.449

(0.104)
	0.005

(0.013)
	0.671

(0.110)
	0.187

(0.062)



	
	
	
	
	
	
	

	Dutch borrowing rate(-1)
	0.722

(0.140)
	0.992

(0.020)
	0.675

(0.202)
	0.993

(0.026)
	0.300

(0.097)
	0.832
(0.055)

	
	
	
	
	
	
	

	Dutch to British debt ratio
	0.010

(0.003)
	insignificant
	0.014

(0.005)
	insignificant
	-0.003

(-0.002)
	0.001

(0.001)

	
	
	
	
	
	
	

	1718 dummy
	-0.015

(-004)
	insignificant
	-0.015

(-0.005)
	insignificant
	
	

	N
	92
	92
	51
	51
	41
	41

	Adjusted r-square
	0.92
	0.86
	0.88
	0.71
	0.30
	0.37


Note: Interest rates are measured as the ratio of debt service to debt. Standard errors are in parentheses.

Figure 1

Borrowing Rates for the British Government: 1692-1799

Sources: Mitchell (1988) and Sinclair (1803)
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Figure 2

Total Government Debt in Million Pounds in Britain and the Province of Holland: 1698-1795

Sources: Mitchell (1988) and European State Finance Database 
Figure 3


Government Debt per Capita in Britain and the Province of Holland: 1698-1799 (in Million Pounds)

Sources: Mitchell (1988) and European State Finance Database

Figure 4

Government Debt Service to Expenditures in Britain and the Province of Holland: 1692-1799

Sources: Mitchell (1988) and European State Finance Database
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Figure 5

Government Debt Service to Debt in Britain and the Province of Holland: 1692-1795

Sources: Mitchell (1988) and European State Finance Database
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Figure 6

Government Debt Service to Debt in Britain and the Province of Holland in Real Terms: 1697-1795

Sources: Mitchell (1988) and European State Finance Database
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� Oppers (1993) shows, using a different methodology, that Dutch lending was important in keeping British borrowing rates low until the 1770s.


� Data on 3 percent annuities are available from as early as 1729; see Sinclair (1803). 


� Implicitly, the analysis assumes that the risk premium required by investors is constant, so that changes in the average interest rate trace marginal changes (up to a constant). This assumption could hold if investors have a CARA utility function.  


� According to McCulloch (1837), this form of borrowing became a feature of British debt management during the reign of George II (starting 1727). It continued into the twentieth century. 


� North and Weingast (1989), pp. 823-824. The discussion on p. 823 suggests that with the issue of 3 percent bonds, Britain achieved a permanent decline in government borrowing rates. 


� Although precise data are not available, in the eighteenth century the Province of Holland accounted for about 60-70 percent of total Dutch debt, and its population, around 800,000, constituted about 40 percent of the total population in the Netherlands (based on private communication with W. Fritschy).


� Sinclair provides annual figures for this period, rather than averages by reign.


� For further details on this methodology, see Sussman and Yafeh (2000).


� The hypothesis that the series are unit root cannot be rejected, and we therefore use the Johansen co-integration procedure.


� Other possible error correction model specifications do not generate plausible results and are not shown.


� There is some evidence that integration was hindered by the American War of Independence in which Britain and Holland took opposite sides.


� This is consistent with Allen’s (2001) findings regarding the standards of living in London and on the Continent.
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Debt service to expense Chart
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Debt per capita Chart
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		1740		0.0450966098		0.0394679325		0.0541021097

		1741		0.0504046367		0.0385549484		0.047037037

		1742		0.0527944813		0.0434024455		0.0490286884

		1743		0.0525219047		0.0416748857		0.0513569298

		1744		0.0466606306		0.0426845134		0.0553990493

		1745		0.0451022504		0.0371451502		0.0539489087

		1746		0.0427320194		0.0326159352		0.0468134599

		1747		0.0466621831		0.0404399616		0.0530502722

		1748		0.0505567554		0.0357564235		0.0484698185

		1749		0.0461096836		0.0375179413		0.0486934983

		1750		0.0477401564		0.0416906883		0.0529819163

		1751		0.0438862168		0.0402489686		0.0516881491

		1752		0.0491766225		0.0370485339		0.050221346

		1753		0.0547180853		0.0380542222		0.0499205926

		1754		0.0488883476		0.039099723		0.0530018467

		1755		0.043636086		0.036850075		0.0499523238

		1756		0.0416547615		0.0370107239		0.0490794382

		1757		0.0417264454		0.0304308861		0.0403540011

		1758		0.0476261159		0.0362598534		0.040584423

		1759		0.0499574388		0.0342148959		0.0393794085

		1760		0.046967229		0.0338330022		0.0412762627

		1761		0.0407883479		0.0349008831		0.0434480382

		1762		0.0445429747		0.0347867299		0.0451487345

		1763		0.0459198351		0.0330772247		0.0429300151

		1764		0.0491731875		0.0357017621		0.0435561497

		1765		0.0446840963		0.0347740368		0.0415924754

		1766		0.0409973726		0.0348252484		0.0400818896

		1767		0.0452284529		0.0368027626		0.0419620284

		1768		0.043943743		0.0373791269		0.0418371879

		1769		0.0432041814		0.040212098		0.0454247773

		1770		0.0369324718		0.0366588055		0.0451754977

		1771		0.0360120059		0.0334316974		0.0407866708

		1772		0.0387285205		0.0332982687		0.0379662503

		1773		0.0415208952		0.0354605551		0.0369759634

		1774		0.0421700223		0.0370499284		0.0379839603

		1775		0.041819911		0.0376911901		0.0396407344

		1776		0.0401982721		0.0349951861		0.0377824134

		1777		0.042821103		0.0363880755		0.0389416246

		1778		0.0444074488		0.0324463796		0.0366523918

		1779		0.0428158216		0.0386028401		0.0402525342

		1780		0.0393325995		0.0361812201		0.0397667464

		1781		0.0370662381		0.0347492693		0.0385400986

		1782		0.04008264		0.0340668093		0.0361404412

		1783		0.0402352829		0.0312439887		0.0328600571

		1784		0.0401261262		0.0365814856		0.0345964438

		1785		0.0371662825		0.0394723014		0.0382192125

		1786		0.0388259014		0.0388329499		0.0394801657

		1787		0.0381719673		0.0384492986		0.0394186087

		1788		0.0385363544		0.0371114843		0.0386974451

		1789		0.0398306918		0.0398985764		0.0402283167

		1790		0.0414859124		0.0362338049		0.0377822581

		1791		0.0407719758		0.0397360265		0.0390951229

		1792		0.0377253092		0.0382189095		0.0385347682

		1793		0.0261160262		0.0356218305		0.0356218305

		1794		0.028115184		0.0372305395		0.0352102776

						0.0362248714		0.0324958405

						0.0356785965		0.029610808

						0.0393794769		0.0311967285

						0.0409739264		0.0337758042

						0.036548992		0.0301282232

						0.0291476903		0.0222251139

						0.0341452128		0.0196496036

						0.052298159		0.0279841026

						0.0440624441		0.0308943574

						0.0376447876		0.0294401544

						0.0330280303		0.0250274515

						0.040155186		0.026197501

						0.0393595226		0.0260970748

						0.0366987993		0.0240712554

						0.0371090182		0.0221926481

						0.0408043152		0.0234817286

						0.0402205489		0.0237048646

						0.0341569944		0.0202288996

						0.0394728624		0.0203193638

						0.0437507213		0.0219653827

						0.0440693048		0.0257246659

						0.0459424088		0.0293454129

						0.0390820268		0.0277209725

						0.0363905423		0.0234901913

						0.0374582988		0.0235562498

						0.0438748474		0.0278788093

						0.0444888036		0.0335039138

						0.0426817471		0.0374616773

						0.0366751136		0.0357949109





debt service to expenditure rat

		Debt service to expnse ratio

				Holland		Gronigen		Overijssel		UK

		1600		0.072		.		.

		1601		0.09		.		.

		1602		0.102		.		.

		1603		0.117		.		.

		1604		0.142		.		0.052

		1605		0.134		.		.

		1606		0.138		.		.

		1607		0.15		.		.

		1608		0.157		.		.

		1609		0.177		.		.

		1610		0.206		.		.

		1611		0.185		.		.

		1612		0.195		.		.

		1613		0.184		.		.

		1614		0.194		.		.

		1615		0.189		.		.

		1616		0.169		.		.

		1617		0.181		0.007		0.013

		1618		0.194		0.011		.

		1619		0.193		0.02		.

		1620		0.175		0.007		.

		1621		0.157		0.029		0.005

		1622		0.141		0.007		.

		1623		0.152		0.071		.

		1624		0.167		0.004		.

		1625		0.154		0.069		.

		1626		0.174		0.015		0.012

		1627		0.18		0.014		0.012

		1628		0.165		0.011		0.015

		1629		0.168		0.029		0.013

		1630		0.183		0.086		0.061

		1631		0.203		0.032		0.06

		1632		0.212		0.011		0.071

		1633		0.218		0.016		0.065

		1634		0.242		0.028		.

		1635		0.252		0.019		0.066

		1636		0.262		0.019		.

		1637		0.291		0.024		.

		1638		0.314		0.018		.

		1639		0.305		0.018		.

		1640		0.319		0.019		.

		1641		0.283		0.024		.

		1642		0.299		0.02		.

		1643		0.319		0.016		.

		1644		0.297		0.01		.

		1645		0.282		0.017		.

		1646		0.33		0.014		.

		1647		0.345		0.022		.

		1648		0.342		0.009		.

		1649		0.436		0.019		.

		1650		0.473		0.017		.

		1651		0.438		0.017		.

		1652		0.383		0.018		.

		1653		0.391		0.015		.

		1654		0.417		0.016		.

		1655		0.474		0.03		.

		1656		0.458		0.032		.

		1657		0.454		0.039		.

		1658		0.398		0.027		0.16

		1659		0.327		0.04		.

		1660		0.437		0.031		0.147

		1661		0.454		0.06		0.182

		1662		0.458		0.035		0.288

		1663		0.451		0.075		0.179

		1664		0.351		0.048		0.127

		1665		0.182		0.047		0.12

		1666		0.321		0.042		0.084

		1667		0.252		0.04		0.181

		1668		0.289		0.151		0.195

		1669		0.474		0.086		.

		1670		0.467		0.372		.

		1671		0.376		0.179		0.113

		1672		0.234		0.117		.

		1673		0.214		0.059		.

		1674		0.21		0.075		.

		1675		0.295		0.061		.

		1676		0.304		0.121		0.144

		1677		0.312		0.123		.

		1678		0.355		0.127		.

		1679		0.51		0.167		.

		1680		0.476		0.159		.

		1681		0.496		0.165		.

		1682		0.451		0.184		0.179

		1683		0.426		0.146		0.288

		1684		0.44		0.188		.

		1685		0.476		0.195		0.194

		1686		0.473		0.179		.

		1687		0.472		0.149		.

		1688		0.353		0.14		.

		1689		0.267		0.113		0.134

		1690		0.263		0.15		.

		1691		0.261		0.146		.

		1692		0.257		0.145		.		0.0467685076

		1693		0.235		0.147		.		0.0398134864

		1694		0.224		0.099		0.111		0.0789003927

		1695		0.226		0.103		0.122		0.0934083601

		1696		0.238		0.119		.		0.0813953488

		1697		0.236		0.146		0.138		0.1319014529

		1698		0.423		0.113		0.262		0.3554640174

		1699		0.473		0.171		0.293		0.3163504583

		1700		0.481		0.195		0.328		0.3908153702

		1701		0.249		0.121		0.17		0.3486345148

		1702		0.259		0.081		0.179		0.2343313373

		1703		0.235		0.111		0.241		0.1961227179

		1704		0.249		0.133		0.236		0.1767685906

		1705		0.246		0.121		0.231		0.1764004768

		1706		0.265		0.153		0.24		0.1610878661

		1707		0.262		0.142		0.202		0.2110437864

		1708		0.262		0.207		0.253		0.2114440713

		1709		0.255		0.131		0.251		0.2198689956

		1710		0.269		0.184		0.248		0.1794924273

		1711		0.274		0.184		0.271		0.1805237479

		1712		0.258		0.183		0.274		0.3001017294

		1713		0.335		0.226		0.374		0.4539453002

		1714		0.507		0.284		0.445		0.4884397736

		1715		0.57		0.219		0.51		0.5260115607

		1716		0.587		0.237		0.489		0.4277840588

		1717		0.571		0.323		0.448		0.5845369584

		1718		0.584		0.159		0.473		0.4468051621

		1719		0.579		0.165		0.449		0.4398569571

		1720		0.597		0.292		0.502		0.4613462179

		1721		0.597		0.3		0.503		0.5642772007

		1722		0.49		0.305		0.499		0.4316423044

		1723		0.49		0.294		0.446		0.5147240346

		1724		0.484		0.317		0.45		0.5266642148

		1725		0.482		0.309		0.464		0.50688905

		1726		0.519		0.322		0.403		0.4811473931

		1727		0.525		0.29		0.435		0.4749146758

		1728		0.504		0.258		0.416		0.3590098401

		1729		0.483		0.306		0.396		0.3999299597

		1730		0.484		0.279		0.364		0.4090419806

		1731		0.491		0.283		0.372		0.3964840097

		1732		0.489		0.255		0.348		0.4457177322

		1733		0.483		0.313		0.36		0.4663764962

		1734		0.481		0.301		0.331		0.3226415094

		1735		0.486		0.31		0.329		0.3714969241

		1736		0.467		0.269		0.27		0.3671672708

		1737		0.468		0.27		0.344		0.4104113862

		1738		0.474		0.282		0.373		0.4357671958

		1739		0.499		0.276		0.338		0.3928982726

		1740		0.478		0.273		0.336		0.3411783801

		1741		0.453		0.234		0.33		0.2750406064

		1742		0.393		0.213		0.286		0.2391890308

		1743		0.423		0.205		0.277		0.2357723577

		1744		0.393		0.185		0.274		0.2317514365

		1745		0.34		0.181		0.22		0.2532511211

		1746		0.305		0.19		0.231		0.2362301102

		1747		0.253		0.207		0.22		0.2371431066

		1748		0.241		0.193		0.167		0.2381431205

		1749		0.362		0.174		0.247		0.3146506228

		1750		0.375		0.142		0.306		0.4478775226

		1751		0.425		0.123		0.314		0.4635019455

		1752		0.304		0.329		0.322		0.4183600966

		1753		0.372		0.286		0.337		0.4640456989

		1754		0.444		0.236		0.331		0.468159204

		1755		0.471		0.233		0.324		0.3793582442

		1756		0.481		0.232		0.46		0.2879340911

		1757		0.482		0.241		0.321		0.2501337614

		1758		0.457		0.228		0.303		0.2193181818

		1759		0.464		0.209		0.263		0.1915875699

		1760		0.463		0.254		0.436		0.1874062135

		1761		0.459		0.268		0.329		0.1810818492

		1762		0.456		0.235		0.296		0.219760479

		1763		0.452		0.247		0.481		0.3395183002

		1764		0.442		0.267		0.441		0.4573273442

		1765		0.279		0.241		0.457		0.4718991301

		1766		0.459		0.202		0.265		0.4543339151

		1767		0.454		0.218		0.233		0.5208549492

		1768		0.4		0.224		0.425		0.5369560464

		1769		0.399		0.224		0.277		0.5019333264

		1770		0.353		0.214		0.422		0.4595210946

		1771		0.41		0.277		0.334		0.4562636058

		1772		0.401		0.223		0.259		0.4369230769

		1773		0.399		0.225		0.266		0.465971735

		1774		0.403		0.347		0.269		0.4821241898

		1775		0.398		0.199		0.403		0.4509406657

		1776		0.377		0.197		0.258		0.3297970808

		1777		0.347		0.269		0.219		0.3086047578

		1778		0.374		0.191		0.236		0.2803790412

		1779		0.395		0.201		0.232		0.2849751446

		1780		0.4		0.198		0.21		0.2652068127

		1781		0.278		0.169		0.172		0.2679969004

		1782		0.263		0.116		0.186		0.2518984744

		1783		0.302		0.111		0.2		0.3425776265

		1784		0.328		0.074		0.185		0.4094833687

		1785		0.317		0.118		0.187		0.3870088481

		1786		0.351		0.133		0.255		0.5584285546

		1787		0.348		0.128		0.285		0.6001033325

		1788		0.282		0.126		0.254		0.5757742686

		1789		0.254		0.129		0.276		0.5884005494

		1790		0.237		0.132		0.27		0.5578045005

		1791		0.425		0.142		0.268		0.5240053345

		1792		0.41		0.174		0.308		0.5491653395

		1793		0.331		0.12		0.191		0.4662385976

		1794		0.258		0.097		0.145		0.4001061831

		1795		0.258		0.084		0.119		0.3392631477

		1796								0.3307203329

		1797								0.2976896967

		1798								0.3380076758

		1799								0.3554693266





Debt

				X_rate		Holland debt		Holland debt in pounds		Britain debt

		1698		35.4167		189462		106.9902051857		17.3

		1699		35.6667		191479		107.3713015221		15.4

		1700		35.5833		193319		108.6571509669		14.2

		1701		36.5833		200165		109.4297124644		14.1

		1702		34.6667		207016		119.4321928537		14.1

		1703		34.1667		213873		125.1938290792		13.6

		1704		34.5		220734		127.9617391304		13.4

		1705		34.6667		227601		131.3081429729		13

		1706		34.8333		234472		134.6252005983		13

		1707		34.4167		241348		140.2505179172		14.5

		1708		34.3333		248229		144.5995578636		15.2

		1709		33.75		256476		151.9857777778		19.1

		1710		34.9167		265684		152.181620829		21.4

		1711		34.6667		282536		163.0013817294		22.4

		1712		35.3333		295164		167.0741198812		34.9

		1713		36.0833		309989		171.8185420957		34.7

		1714		36.75		310865		169.1782312925		36.2

		1715		36.1667		310455		171.6800261014		37.4

		1716		35		310847		177.6268571429		37.9

		1717		34.25		310985		181.597080292		39.3

		1718		34.9167		310228		177.6960594787		39.7

		1719		35.5		309588		174.4157746479		41.6

		1720		33.75		307526		182.2376296296		54

		1721		35.4167		306206		172.9161666671		54.9

		1722		35.4167		304943		172.202943809		52.7

		1723		35.1667		306755		174.4576545425		53.6

		1724		34.9167		304955		174.6757282332		53.8

		1725		34.9167		303198		173.6693330126		52.7

		1726		35.3333		303793		171.9584641118		52.9

		1727		34.75		302469		174.0828776978		53

		1728		34.3333		302409		176.1607535541		52.7

		1729		34.3333		301620		175.7011414574		52.1

		1730		34.8333		297857		171.0185368598		51.4

		1731		35.0833		296547		169.0530822357		51.7

		1732		35		295447		168.8268571429		50.1

		1733		35.8333		296291		165.3718747645		50

		1734		35.75		298369		166.9197202797		49.1

		1735		35.8333		299021		166.8955971122		49.3

		1736		35.3333		298593		169.0150651086		49.7

		1737		35		297821		170.1834285714		48.5

		1738		35.5		297022		167.3363380282		47.5

		1739		35.6667		296194		166.0899382337		46.9

		1740		34.8333		295254		169.5239899751		47.4

		1741		34.9167		300248		171.9795971555		48.8

		1742		35		300552		171.744		51.3

		1743		34.9167		303213		173.6779248898		53.5

		1744		34.75		306250		176.2589928058		57.1

		1745		37.0833		312950		168.7821741862		60.1

		1746		35.8333		313071		174.7374648721		64.9

		1747		35.5833		313350		176.1219448449		69.4

		1748		36.25		331528		182.912		76.1

		1749		35.25		327495		185.8127659574		77.8

		1750		35.25		347643		197.2442553191		78

		1751		35.5		352032		198.3278873239		78.1

		1752		35		362549		207.1708571429		76.9

		1753		35.25		356567		202.3075177305		75

		1754		36		355927		197.7372222222		72.2

		1755		36		354967		197.2038888889		72.5

		1756		36.5833		354356		193.7255523695		74.6

		1757		35.25		354364		201.0575886525		77.8

		1758		34.6667		353030		203.6709580087		82.1

		1759		36		352477		195.8205555556		91.3

		1760		34.6667		350768		202.3659592635		101.7

		1761		34.9167		350035		200.4971832962		114.2

		1762		35.0833		349351		199.1551535916		126.6

		1763		35.8333		348731		194.6407392007		132.6

		1764		36.6667		346912		189.2245552504		134.2

		1765		35.1667		344343		195.8346958913		133.6

		1766		34.9167		343533		196.7728909089		133.3

		1767		35.1667		343306		195.2449334171		133.9

		1768		34.8333		341913		196.3138720707		132.6

		1769		34.3333		337799		196.7763075498		130.3

		1770		35		336323		192.1845714286		130.6

		1771		34.1667		333039		194.949468342		128.9

		1772		36.0833		331081		183.5092688307		128.7

		1773		36.4167		329559		180.9933354752		128.9

		1774		35.6667		328117		183.9906691676		127.7

		1775		35.4167		326664		184.4689087351		127.3

		1776		35		325047		185.7411428571		131.2

		1777		34.1667		323361		189.2843031373		136.6

		1778		37.1667		322259		173.4127592711		143.1

		1779		35.8333		321883		179.6557950286		153.4

		1780		35.3333		320967		181.6796053581		167.2

		1781		33.8333		331737		196.100882858		190.4

		1782		35.8333		337511		188.3784077939		214.3

		1783		35.6667		342639		192.1338391273		231.8

		1784		37.25		343932		184.6614765101		242.9

		1785		37		349434		188.8832432432		245.5

		1786		36.75		353784		192.5355102041		246.2

		1787		37.4167		359403		192.1083366518		245.8

		1788		38.3333		360707		188.1951201697		245.1

		1789		38.5		360651		187.3511688312		244.3

		1790		39.25		405890		206.8229299363		244

		1791		37.75		402440		213.2132450331		243.2

		1792		38		405106		213.2136842105		241.6

		1793		39.4167		401986		203.9673539388		242.9

		1794		40.1667		400089		199.214274511		249.6





Debt per capita

				X_rate		Holland Debt per Capita		Holland Debt per Capita in pounds		Britain Debt per Capita

		1698		35.4167		220.6701032355		124.6135880732		3.2099718362

		1699		35.6667		223.3892979866		125.2649098383		2.8235489888

		1700		35.5833		225.9100670712		126.9753322886		2.5726602614

		1701		36.5833		234.2982352021		128.0902680743		2.5469022289

		1702		34.6667		242.7194734173		140.0303307885		2.5392843758

		1703		34.1667		251.1750524877		147.0291555741		2.4419130913

		1704		34.5		259.662722141		150.5291142846		2.3988061861

		1705		34.6667		268.1849300052		154.7219262319		2.3202393133

		1706		34.8333		276.7394185065		158.8935980837		2.3132994151

		1707		34.4167		285.3274613469		165.8075651337		2.5725010751

		1708		34.3333		293.9491561151		171.2326843706		2.6886249075

		1709		33.75		304.2189504956		180.27789659		3.368364363

		1710		34.9167		315.6637889037		180.809634876		3.7626908473

		1711		34.6667		336.2427958577		193.9860418544		3.9345829394

		1712		35.3333		351.8539370716		199.162793779		6.1240966438

		1713		36.0833		370.1392518434		205.1582044012		6.0829186155

		1714		36.75		371.8009709631		202.3406644697		6.3395294585

		1715		36.1667		371.9265505722		205.6734789584		6.5431364698

		1716		35		373.013917297		213.150809884		6.6239875687

		1717		34.25		373.7985645307		218.2765340325		6.861811314

		1718		34.9167		373.5072295444		213.9418842814		6.9247269058

		1719		35.5		373.3549983134		210.3408441202		7.2488881215

		1720		33.75		371.4834948065		220.1383672928		9.4002141743

		1721		35.4167		370.5025585883		209.2247773442		9.5473370735

		1722		35.4167		369.5864288414		208.7074339741		9.1555923816

		1723		35.1667		372.3992771524		211.7908573466		9.3026470997

		1724		34.9167		370.8282138727		212.4073660298		9.328030439

		1725		34.9167		369.3032886724		211.5339013551		9.1281804466

		1726		35.3333		370.7301110831		209.8474306578		9.1536688288

		1727		34.75		369.8147466364		212.8430196469		9.1618107399

		1728		34.3333		370.4429400496		215.7922134194		9.1008505832

		1729		34.3333		370.1774860375		215.6375798642		8.9882473387

		1730		34.8333		366.2527825773		210.2888802252		8.8586253135

		1731		35.0833		365.3338491173		208.2665251657		8.8925442638

		1732		35		364.6693122319		208.3824641325		8.6001395201

		1733		35.8333		366.404964217		204.5052865446		8.5658418891

		1734		35.75		369.6747976584		206.8110756131		8.3948670011

		1735		35.8333		371.1855750921		207.173536957		8.4122375037

		1736		35.3333		371.3575679803		210.2025952743		8.4635638244

		1737		35		371.1002355796		212.057277474		8.2427267293

		1738		35.5		370.8068824721		208.9052858998		8.0566602803

		1739		35.6667		370.4748073668		207.7426884835		7.9390139121

		1740		34.8333		369.9997834742		212.4402703586		8.0076363144

		1741		34.9167		376.9719697799		215.9264591327		8.2113035652

		1742		35		378.0696487555		216.0397992889		8.5975743112

		1743		34.9167		382.140673503		218.8870503243		8.9305589659

		1744		34.75		386.7005595577		222.5614731267		9.493519696

		1745		37.0833		395.9104042136		213.5249043173		9.9524935936

		1746		35.8333		396.8149768257		221.4783326267		10.7045500896

		1747		35.5833		397.9222005003		223.6567156505		11.4011715268

		1748		36.25		421.8052103098		232.720116033		12.4520527858

		1749		35.25		417.4646016528		236.8593484555		12.6795015305

		1750		35.25		443.9885057471		251.9083720551		12.6614508467

		1751		35.5		449.5938697318		253.2923209757		12.6271747769

		1752		35		463.0255427842		264.5860244481		12.3836247882

		1753		35.25		455.3856960409		258.3748630019		12.0295393085

		1754		36		454.5683269476		252.5379594154		11.5342993104

		1755		36		453.3422733078		251.8568185043		11.5360814361

		1756		36.5833		452.5619412516		247.4144985562		11.8229382488

		1757		35.25		452.5721583653		256.7785295689		12.2809645568

		1758		34.6667		450.8684546616		260.1161660392		12.9081001202

		1759		36		450.1621966794		250.0901092664		14.2973725194

		1760		34.6667		447.9795657727		258.4495009751		15.8625387303

		1761		34.9167		447.0434227331		256.062813916		17.7059757776

		1762		35.0833		446.1698595147		254.3488551617		19.5114473704

		1763		35.8333		445.3780332056		248.5833195411		20.3142748668

		1764		36.6667		443.054916986		241.6660986595		20.4367736801

		1765		35.1667		439.7739463602		250.1081684435		20.2240577671

		1766		34.9167		438.7394636015		251.3063740855		20.0582946956

		1767		35.1667		438.4495530013		249.3549596643		20.0284091381

		1768		34.8333		436.6704980843		250.7201431299		19.7156645765

		1769		34.3333		431.4163473819		251.3107376115		19.2581396561

		1770		35		429.5312899106		245.4464513775		19.1873550645

		1771		34.1667		425.337164751		248.9776096322		18.8433793347

		1772		36.0833		422.8365261814		234.366882287		18.7205394314

		1773		36.4167		420.8927203065		231.1536851535		18.6563494316

		1774		35.6667		419.0510855683		234.9816975321		18.3907137888

		1775		35.4167		417.1954022989		235.5924760347		18.2418983027

		1776		35		415.1302681992		237.2172961138		18.7072262983

		1777		34.1667		412.9770114943		241.7424050284		19.3802869217

		1778		37.1667		411.5696040868		221.4722340627		20.2014747528

		1779		35.8333		411.0893997446		229.4454598067		21.5477902388

		1780		35.3333		409.9195402299		232.0301473284		23.3694015446

		1781		33.8333		423.6743295019		250.4481262554		26.3485601763

		1782		35.8333		431.0485312899		240.5854505669		29.362345275

		1783		35.6667		437.5977011494		245.3816591664		31.4456537507

		1784		37.25		439.2490421456		235.8384118903		32.6252116285

		1785		37		446.275862069		241.230195713		32.6479521573

		1786		36.75		451.8314176245		245.8946490474		32.4168733081

		1787		37.4167		459.0076628352		245.3490889551		32.0437680834

		1788		38.3333		460.6730523627		240.3513667556		31.6361509286

		1789		38.5		460.6015325671		239.2735234115		31.2206845129

		1790		39.25		518.3780332056		264.141672971		30.8736094688

		1791		37.75		513.9719029374		272.3029949337		30.4375712361

		1792		38		517.3767560664		272.3035558244		29.9083324005

		1793		39.4167		513.3920817369		260.4947049027		29.7420998981

		1794		40.1667		510.969348659		254.4243608058		30.22995764

										32.0334124032





debt service to debt ratio

		

				Holland		UK

				debt service/debt exl. Capital levy		debt service/debt		debt service/debt exl. Terminable loans

		1632		0.0690709691								Wars in Holland; 1702-1713

		1633		0.0686802299								1747-51 Orangist revolution

		1634		0.0682486672

		1635		0.0678753072

		1636		0.0675509275

		1637		0.0672507994

		1638		0.0669978135

		1639		0.066771689

		1640		0.0665583895

		1641		0.0551554362

		1642		0.0549305481

		1643		0.0547165783

		1644		0.0545299328

		1645		0.0543493104

		1646		0.0541913146

		1647		0.0541467462

		1648		0.0540313396

		1649		0.0539173205

		1650		0.0538046642

		1651		0.0536933462

		1652		0.0535773124

		1653		0.0534889077

		1654		0.0534131018

		1655		0.053394551

		1656		0.0440661463

		1657		0.0440523737

		1658		0.0440479442

		1659		0.0440095435

		1660		0.0439575493

		1661		0.0439603508

		1662		0.043959501

		1663		0.0439639821

		1664		0.0438914593

		1665		0.0446986431

		1666		0.0447929991

		1667		0.0448354187

		1668

		1669

		1670		0.0443156772

		1671		0.0442214646

		1672		0.0447467335

		1673		0.0445323115

		1674		0.0442854575

		1675		0.0438821039

		1676		0.0437596594

		1677		0.0436353048

		1678		0.0435121541

		1679		0.0433831842

		1680		0.0432728916

		1681		0.0431534241

		1682		0.0430426947

		1683		0.0429326617

		1684		0.0430224286

		1685		0.0429716315

		1686		0.0429120356

		1687		0.0428613545

		1688		0.0428062727

		1689		0.0438767306

		1690		0.0439202112

		1691		0.0439265866

		1692		0.0441167649		0.0621875		0.0621875

		1693		0.0444797971		0.0482608696		0.0482608696

		1694		0.0446514302		0.0736666667		0.0551666667

		1695		0.0448239361		0.080137931		0.0539310345

		1696		0.0451683049		0.0685263158		0.0409473684

		1697		0.0452658639		0.0764835165		0.0557509158

		1698		0.0456344808		0.0862941176		0.0587058824

		1699		0.0458588148		0.090764526		0.0721100917

		1700		0.0455930353		0.084527027		0.0621621622

		1701		0.0460270277		0.0848056537		0.0633215548

		1702		0.0461800054		0.0832624113		0.0609219858

		1703		0.0462190178		0.075234657		0.0530685921

		1704		0.0463046019		0.0723703704		0.0473333333

		1705		0.0468802861		0.0784848485		0.045530303

		1706		0.0467347914		0.0829230769		0.0483846154

		1707		0.0466711968		0.1342545455		0.0848

		1708		0.0476535779		0.1102356902		0.0607407407

		1709		0.0472090956		0.1174344023		0.0550437318

		1710		0.0470897758		0.086617284		0.0504197531

		1711		0.0465108871		0.0827853881		0.0479452055

		1712		0.0468112642		0.0823734729		0.0446771379

		1713		0.048746891		0.0829885057		0.0423563218

		1714		0.0535570103		0.0852186178		0.0399717913

		1715		0.0506675686		0.0890217391		0.047173913

		1716		0.0514561826		0.0803984064		0.0355378486

		1717		0.049185652		0.089119171		0.0406735751

		1718		0.0485417177		0.0718734177		0.0447088608

		1719		0.0496530873		0.0665682657		0.0418942189

		1720		0.0478040881		0.0579288703		0.0382008368

		1721		0.0478827979		0.0608631772		0.054214876

		1722		0.0474908426		0.0559851301		0.0520446097

		1723		0.0474971883		0.0549200376		0.0498965193

		1724		0.0476791658		0.0533333333		0.0481005587

		1725		0.0478993925		0.0525070423		0.0474741784

		1726		0.0475949084		0.0505113636		0.0462689394

		1727		0.0477205929		0.0525590179		0.0487252125

		1728		0.0461924083		0.0441816462		0.0402459792

		1729		0.0462701412		0.0435877863		0.0400763359

		1730		0.0458911491		0.044057971		0.0404444444

		1731		0.0456521226		0.0411251212		0.0375169738

		1732		0.0454633149		0.0435559921		0.0399803536

		1733		0.0455228137		0.0428171828		0.0391808192

		1734		0.045654877		0.0414127144		0.0377396569

		1735		0.0451306096		0.0441869919		0.0404065041

		1736		0.0452622801		0.042969697		0.0393535354

		1737		0.0452150789		0.0428716904		0.039185336

		1738		0.0451784716		0.0428958333		0.0390625

		1739		0.0451629675		0.0433686441		0.0395338983

		1740		0.0450730557		0.0445811241		0.0406574761

		1741		0.0452625829		0.0422453222		0.0385654886

		1742		0.045309963		0.0407792208		0.0371428571

		1743		0.0450475408		0.0404007634		0.0371564885

		1744		0.0442514286		0.0393851718		0.0366003617

		1745		0.0443233743		0.0385494881		0.0359385666

		1746		0.0443733211		0.037056		0.034304

		1747		0.044502952		0.040446761		0.0373194341

		1748		0.0432874448		0.0390652921		0.0360549828

		1749		0.0435365425		0.0387394412		0.0359194282

		1750		0.0419683411		0.041309371		0.0385622593

		1751		0.0445527679		0.0381550288		0.0354388213

		1752		0.0429376443		0.0379870968		0.0352129032

		1753		0.043442046		0.0363660303		0.0335747202

		1754		0.0446945582		0.0383559783		0.0354891304

		1755		0.0445506202		0.0377470629		0.0348306842

		1756		0.0436820598		0.0375390891		0.0347246771

		1757		0.043926584		0.0368110236		0.0341207349

		1758		0.0437554882		0.0362101313		0.033220763

		1759		0.0436539122		0.0339907728		0.0312226067

		1760		0.0437240569		0.0349430052		0.0324870466

		1761		0.0436727756		0.0354145438		0.0326540065

		1762		0.0437754579		0.0365780731		0.0331063123

		1763		0.0435665312		0.0360030864		0.032345679

		1764		0.0435268887		0.0366341829		0.0330809595

		1765		0.0434189166		0.0360567588		0.0325541449

		1766		0.0430613653		0.035114275		0.0315773698

		1767		0.0428072915		0.0375748503		0.0333607784

		1768		0.0436719282		0.0368555347		0.033380863

		1769		0.0436975835		0.0365386078		0.0329935337

		1770		0.0436693298		0.037071675		0.0335224224

		1771		0.0437816592		0.0355375723		0.0320077071

		1772		0.042539439		0.0363819876		0.032818323

		1773		0.0425174248		0.0360947205		0.0325543478

		1774		0.0424909407		0.0359469992		0.0324395947

		1775		0.0424748365		0.0366588235		0.0331137255

		1776		0.0424492458		0.0358375242		0.0323868472

		1777		0.0424262666		0.0351680358		0.0317699776

		1778		0.0423479251		0.0359671076		0.0323489453

		1779		0.0423259383		0.0378954469		0.032836425

		1780		0.042418691		0.0373986276		0.0313849033

		1781		0.0423106256		0.0386856823		0.0322595078

		1782		0.0431363719		0.0363923894		0.0308920188

		1783		0.0421960139		0.0361084959		0.0305267877

		1784		0.0421711269		0.0365662524		0.0309922056

		1785		0.0422912481		0.0377927928		0.0324733825

		1786		0.0418956199		0.0385641651		0.0332967256

		1787		0.0421087192		0.0377723577		0.0336219512

		1788		0.0419204507		0.0383255245		0.0331635771

		1789		0.042148781		0.0385165509		0.0333469555

		1790		0.0421444234		0.0383780463		0.0331476551

		1791		0.0425752907		0.0387110016		0.0331937603

		1792		0.0424802397		0.0384075908		0.0330693069

		1793		0.0417526979		0.0377667699		0.0325283798

		1794				0.0397847716		0.0346192893

		1795				0.0405029014		0.0352765957

		1796				0.0401592246		0.0351298027

		1797				0.0406033453		0.0361260454

		1798				0.0427212154		0.0386780384

		1799				0.0412227929		0.0374199071





fig 1 Sinclaur vs Implied rate

		1692		0.0621875		0.0621875

		1693		0.0482608696		0.0482608696

		1694		0.0736666667		0.0551666667

		1695		0.080137931		0.0539310345

		1696		0.0685263158		0.0409473684

		1697		0.0764835165		0.0557509158

		1698		0.0862941176		0.0587058824

		1699		0.090764526		0.0721100917

		1700		0.084527027		0.0621621622

		1701		0.0848056537		0.0633215548

		1702		0.0832624113		0.0609219858

		1703		0.075234657		0.0530685921

		1704		0.0723703704		0.0473333333

		1705		0.0784848485		0.045530303

		1706		0.0829230769		0.0483846154

		1707		0.1342545455		0.0848

		1708		0.1102356902		0.0607407407

		1709		0.1174344023		0.0550437318

		1710		0.086617284		0.0504197531

		1711		0.0827853881		0.0479452055

		1712		0.0823734729		0.0446771379

		1713		0.0829885057		0.0423563218

		1714		0.0852186178		0.0399717913

		1715		0.0890217391		0.047173913

		1716		0.0803984064		0.0355378486

		1717		0.089119171		0.0406735751

		1718		0.0718734177		0.0447088608

		1719		0.0665682657		0.0418942189

		1720		0.0579288703		0.0382008368

		1721		0.0608631772		0.054214876

		1722		0.0559851301		0.0520446097

		1723		0.0549200376		0.0498965193

		1724		0.0533333333		0.0481005587

		1725		0.0525070423		0.0474741784

		1726		0.0505113636		0.0462689394

		1727		0.0525590179		0.0487252125

		1728		0.0441816462		0.0402459792

		1729		0.0435877863		0.0400763359

		1730		0.044057971		0.0404444444

		1731		0.0411251212		0.0375169738

		1732		0.0435559921		0.0399803536

		1733		0.0428171828		0.0391808192

		1734		0.0414127144		0.0377396569

		1735		0.0441869919		0.0404065041

		1736		0.042969697		0.0393535354

		1737		0.0428716904		0.039185336

		1738		0.0428958333		0.0390625

		1739		0.0433686441		0.0395338983

		1740		0.0445811241		0.0406574761

		1741		0.0422453222		0.0385654886

		1742		0.0407792208		0.0371428571

		1743		0.0404007634		0.0371564885

		1744		0.0393851718		0.0366003617

		1745		0.0385494881		0.0359385666

		1746		0.037056		0.034304

		1747		0.040446761		0.0373194341

		1748		0.0390652921		0.0360549828

		1749		0.0387394412		0.0359194282

		1750		0.041309371		0.0385622593

		1751		0.0381550288		0.0354388213

		1752		0.0379870968		0.0352129032

		1753		0.0363660303		0.0335747202

		1754		0.0383559783		0.0354891304

		1755		0.0377470629		0.0348306842

		1756		0.0375390891		0.0347246771

		1757		0.0368110236		0.0341207349

		1758		0.0362101313		0.033220763

		1759		0.0339907728		0.0312226067

		1760		0.0349430052		0.0324870466

		1761		0.0354145438		0.0326540065

		1762		0.0365780731		0.0331063123

		1763		0.0360030864		0.032345679

		1764		0.0366341829		0.0330809595

		1765		0.0360567588		0.0325541449

		1766		0.035114275		0.0315773698

		1767		0.0375748503		0.0333607784

		1768		0.0368555347		0.033380863

		1769		0.0365386078		0.0329935337

		1770		0.037071675		0.0335224224

		1771		0.0355375723		0.0320077071

		1772		0.0363819876		0.032818323

		1773		0.0360947205		0.0325543478

		1774		0.0359469992		0.0324395947

		1775		0.0366588235		0.0331137255

		1776		0.0358375242		0.0323868472

		1777		0.0351680358		0.0317699776

		1778		0.0359671076		0.0323489453

		1779		0.0378954469		0.032836425

		1780		0.0373986276		0.0313849033

		1781		0.0386856823		0.0322595078

		1782		0.0363923894		0.0308920188

		1783		0.0361084959		0.0305267877

		1784		0.0365662524		0.0309922056

		1785		0.0377927928		0.0324733825

		1786		0.0385641651		0.0332967256

		1787		0.0377723577		0.0336219512

		1788		0.0383255245		0.0331635771

		1789		0.0385165509		0.0333469555

		1790		0.0383780463		0.0331476551

		1791		0.0387110016		0.0331937603

		1792		0.0384075908		0.0330693069

		1793		0.0377667699		0.0325283798

		1794		0.0397847716		0.0346192893

		1795		0.0405029014		0.0352765957

		1796		0.0401592246		0.0351298027

		1797		0.0406033453		0.0361260454

						0.0386780384

						0.0374199071



Sinclair's marginal interest rates
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avergae and marginal borrowing

		The history of the public revenue of the British empire by John Sincliar London, 1803  Vol II appendix 2. Pp.28-33

		Average and Marginal borrowing rates

		1690_1693		0.0799613192				1692		0.0799613192

		1694		0.14				1693		0.0799613192

		1695		0.0883463309				1694		0.14

		1703_1714		0.0610883978				1695		0.0883463309

		1715_1727		0.0426583649				1696		0.0799613192

		1728_1739		0.0418281497				1697		0.0799613192

		1740_1748		0.035003985				1698		0.0799613192

		1755		0.0324079162				1699		0.0799613192

		1762_1775		0.0338926458				1700		0.0799613192

		1776		0.03225				1701		0.0799613192

		1777		0.045				1702		0.0799613192

		1778		0.055				1703		0.0610883978

		1779		0.0675				1704		0.0610883978

		1780		0.058125				1705		0.0610883978

		1781		0.055				1706		0.0610883978

		1782		0.05875				1707		0.0610883978

		1783		0.0466666667				1708		0.0610883978

		1784		0.05275				1709		0.0610883978

		1785_1792		0.037731913				1710		0.0610883978

		1793		0.0416666667				1711		0.0610883978

		1794		0.0375				1712		0.0610883978

		1795		0.04				1713		0.0610883978

		1796		0.0433647059				1714		0.0610883978

		1797		0.0446767818				1715		0.0426583649

		1800		0.0471				1716		0.0426583649

		1801		0.052725				1717		0.0426583649

								1718		0.0426583649

								1719		0.0426583649
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				Holland Debt		interest rate		interest excl. capital lvey		Population

		1599		3610		.		.

		1600		5000		.		.

		1601		6390		.		.

		1602		7780		.		.

		1603		9170		.		.

		1604		10560		.		.

		1605		11950		.		.

		1606		13340		.		.

		1607		14730		.		.

		1608		16120		.		.

		1609		17500		0.08		.

		1610		17950		.		.

		1611		18400		.		.

		1612		18850		.		.

		1613		19300		.		.

		1614		19750		.		.

		1615		20200		.		.

		1616		20650		.		.

		1617		21100		.		.

		1618		21550		.		.

		1619		22000		.		.

		1620		22495		0.069		.

		1621		23413		.		.

		1622		24754		.		.

		1623		27050		.		.

		1624		28807		.		.

		1625		31393		.		.

		1626		36713		.		.

		1627		37953		.		.

		1628		40849		.		.

		1629		44344		.		.

		1630		47714		.		.

		1631		51206		.		.

		1632		56898		0.069		.				3930		0.0690709691		3930		0.0690709691

		1633		60556		.		.				4159		0.0686802299		4159		0.0686802299

		1634		65276		.		.				4455		0.0682486672		4455		0.0682486672

		1635		69996		.		.				4751		0.0678753072		4751		0.0678753072

		1636		74714		.		.				5047		0.0675509275		5047		0.0675509275

		1637		79434		.		.				5342		0.0672507994		5342		0.0672507994

		1638		84152		.		.				5638		0.0669978135		5638		0.0669978135

		1639		88870		.		.				5934		0.066771689		5934		0.066771689

		1640		93587		.		.				6229		0.0665583895		6229		0.0665583895

		1641		98304		.		.				5422		0.0551554362		5422		0.0551554362

		1642		103021		.		.				5659		0.0549305481		5659		0.0549305481

		1643		107737		.		.				5895		0.0547165783		5895		0.0547165783

		1644		112452		.		.				6132		0.0545299328		6132		0.0545299328

		1645		117168		.		.				6368		0.0543493104		6368		0.0543493104

		1646		121883		.		.				6605		0.0541913146		6605		0.0541913146

		1647		126545		0.054		.				6852		0.0541467462		6852		0.0541467462

		1648		127315		.		.				6879		0.0540313396		6879		0.0540313396

		1649		128085		.		.				6906		0.0539173205		6906		0.0539173205

		1650		128855		.		.				6933		0.0538046642		6933		0.0538046642

		1651		129625		.		.				6960		0.0536933462		6960		0.0536933462

		1652		130503		0.054		.				6992		0.0535773124		6992		0.0535773124

		1653		130270		0.053		.				6968		0.0534889077		6968		0.0534889077

		1654		130043		.		.				6946		0.0534131018		6946		0.0534131018

		1655		128721		.		.				8123		0.0631054762		6873		0.053394551

		1656		127354		.		.				6862		0.0538813072		5612		0.0440661463

		1657		125941		.		.				6798		0.0539776562		5548		0.0440523737

		1658		124478		.		.				6733		0.0540898793		5483		0.0440479442

		1659		124064		.		.				6710		0.0540849884		5460		0.0440095435

		1660		124097		.		.				6705		0.054030315		5455		0.0439575493

		1661		122474		.		.				6634		0.0541665986		5384		0.0439603508

		1662		120793		.		.				6560		0.0543077827		5310		0.043959501

		1663		119052		.		.				6484		0.0544635957		5234		0.0439639821

		1664		119955		.		.				5265		0.0438914593		5265		0.0438914593

		1665		126760		.		.				5666		0.0446986431		5666		0.0446986431

		1666		128212		.		.				5743		0.0447929991		5743		0.0447929991

		1667		129875		0.045		.				5823		0.0448354187		5823		0.0448354187

		1668		.		.		.				5779		0		5779		0

		1669		.		.		.				5734		0		5734		0

		1670		128397		0.045		.				5690		0.0443156772		5690		0.0443156772

		1671		128761		0.043		.				5694		0.0442214646		5694		0.0442214646

		1672		128501		0.043		.				5750		0.0447467335		5750		0.0447467335

		1673		131006		0.045		.				5834		0.0445323115		5834		0.0445323115

		1674		139075		0.045		.				6159		0.0442854575		6159		0.0442854575

		1675		153525		0.044		.				6737		0.0438821039		6737		0.0438821039

		1676		158525		0.044		.				6937		0.0437596594		6937		0.0437596594

		1677		161406		0.044		.				7043		0.0436353048		7043		0.0436353048

		1678		161633		0.044		.				7033		0.0435121541		7033		0.0435121541

		1679		161883		.		.				7323		0.0452363744		7023		0.0433831842

		1680		161533		.		.				7290		0.0451300973		6990		0.0432728916

		1681		161285		.		.				7260		0.0450134854		6960		0.0431534241

		1682		160910		.		.				7226		0.0449070909		6926		0.0430426947

		1683		160414		.		.				7187		0.0448028227		6887		0.0429326617

		1684		160242		.		.				7194		0.0448945969		6894		0.0430224286

		1685		159966		.		.				7174		0.04484703		6874		0.0429716315

		1686		159792		.		.				7157		0.0447894763		6857		0.0429120356

		1687		159421		.		.				7133		0.0447431643		6833		0.0428613545

		1688		159229		.		.				7116		0.0446903516		6816		0.0428062727

		1689		159196		.		.				7285		0.0457612		6985		0.0438767306

		1690		159471		.		.				7004		0.0439202112		7004		0.0439202112

		1691		163022		.		.				7161		0.0439265866		7161		0.0439265866

		1692		166694		.		.				7354		0.0441167649		7354		0.0441167649

		1693		170347		.		.				7577		0.0444797971		7577		0.0444797971

		1694		173925		.		.				7766		0.0446514302		7766		0.0446514302

		1695		177606		.		.				7961		0.0448239361		7961		0.0448239361

		1696		181189		.		.				8184		0.0451683049		8184		0.0451683049

		1697		184775		.		.				8364		0.0452658639		8364		0.0452658639

		1698		189462		.		.				8646		0.0456344808		8646		0.0456344808

		1699		191479		.		.				8781		0.0458588148		8781		0.0458588148

		1700		193319		.		.				8814		0.0455930353		8814		0.0455930353

		1701		200165		.		.				9213		0.0460270277		9213		0.0460270277

		1702		207016		.		.				9560		0.0461800054		9560		0.0461800054

		1703		213873		.		.				9885		0.0462190178		9885		0.0462190178

		1704		220734		.		.				10221		0.0463046019		10221		0.0463046019

		1705		227601		.		.				10670		0.0468802861		10670		0.0468802861

		1706		234472		.		.				10958		0.0467347914		10958		0.0467347914

		1707		241348		.		.				11264		0.0466711968		11264		0.0466711968

		1708		248229		.		.				11829		0.0476535779		11829		0.0476535779

		1709		256476		.		.				12108		0.0472090956		12108		0.0472090956

		1710		265684		.		.				12511		0.0470897758		12511		0.0470897758

		1711		282536		.		.				13141		0.0465108871		13141		0.0465108871

		1712		295164		.		.				13817		0.0468112642		13817		0.0468112642

		1713		309989		0.048		.				15111		0.048746891		15111		0.048746891

		1714		310865		0.048		.				16649		0.0535570103		16649		0.0535570103

		1715		310455		0.048		.				15730		0.0506675686		15730		0.0506675686

		1716		310847		0.048		.				15995		0.0514561826		15995		0.0514561826

		1717		310985		0.045		.				16877		0.0542694985		15296		0.049185652

		1718		310228		0.045		.				16640		0.0536379695		15059		0.0485417177

		1719		309588		0.045		.				16953		0.0547598744		15372		0.0496530873

		1720		307526		0.045		.				16282		0.0529451168		14701		0.0478040881

		1721		306206		0.045		0.045				16243		0.0530459886		14662		0.0478827979

		1722		304943		0.045		0.03				16063		0.052675418		14482		0.0474908426

		1723		306755		0.045		0.029				16151		0.0526511385		14570		0.0474971883

		1724		304955		0.045		0.029				16121		0.0528635372		14540		0.0476791658

		1725		303198		0.045		0.029				16104		0.0531138068		14523		0.0478993925

		1726		303793		0.045		0.029				16040		0.0527991099		14459		0.0475949084

		1727		302469		0.045		0.029				14657		0.0484578585		14434		0.0477205929

		1728		302409		0.043		0.027				14370		0.047518427		13969		0.0461924083

		1729		301620		0.043		0.027				14408		0.0477687156		13956		0.0462701412

		1730		297857		0.043		0.027				13851		0.0465021806		13669		0.0458911491

		1731		296547		0.044		0.027				13726		0.0462860862		13538		0.0456521226

		1732		295447		0.043		0.027				13772		0.0466141135		13432		0.0454633149

		1733		296291		0.043		0.027				14027		0.0473419712		13488		0.0455228137

		1734		298369		0.043		0.026				14012		0.0469619833		13622		0.045654877

		1735		299021		0.042		0.026				13821		0.046220834		13495		0.0451306096

		1736		298593		0.042		0.026				13898		0.0465449625		13515		0.0452622801

		1737		297821		0.042		0.026				13890		0.0466387528		13466		0.0452150789

		1738		297022		0.042		0.025				13911		0.0468349146		13419		0.0451784716

		1739		296194		0.042		0.026				13901		0.0469320783		13377		0.0451629675

		1740		295254		0.043		0.026				13822		0.0468139297		13308		0.0450730557

		1741		300248		0.042		0.026				14083		0.0469045589		13590		0.0452625829

		1742		300552		0.043		0.026				13910		0.0462815087		13618		0.045309963

		1743		303213		0.043		0.026				13736		0.0453014877		13659		0.0450475408

		1744		306250		0.043		0.026				13557		0.0442677551		13552		0.0442514286

		1745		312950		0.042		0.027				13932		0.0445182937		13871		0.0443233743

		1746		313071		0.043		0.022				13892		0.0443733211		13892		0.0443733211

		1747		313350		0.044		0.02				13945		0.044502952		13945		0.044502952

		1748		331528		0.042		0.026				15152		0.0457035303		14351		0.0432874448

		1749		327495		0.042		0.025				14908		0.0455213057		14258		0.0435365425

		1750		347643		0.041		0.026				14958		0.0430268983		14590		0.0419683411

		1751		352032		0.041		0.026				16608		0.0471775293		15684		0.0445527679

		1752		362549		0.041		0.027				20672		0.0570184996		15567		0.0429376443

		1753		356567		0.041		0.026				18884		0.0529605937		15490		0.043442046

		1754		355927		0.043		0.027				17507		0.0491870524		15908		0.0446945582

		1755		354967		0.043		0.027				16466		0.0463874107		15814		0.0445506202

		1756		354356		0.042		0.026				15627		0.0440997189		15479		0.0436820598

		1757		354364		0.042		0.026				15934		0.0449650642		15566		0.043926584

		1758		353030		0.041		0.025				16222		0.0459507691		15447		0.0437554882

		1759		352477		0.041		0.025				15806		0.0448426422		15387		0.0436539122

		1760		350768		0.042		0.026				15965		0.0455144141		15337		0.0437240569

		1761		350035		0.041		0.025				15961		0.0455982973		15287		0.0436727756

		1762		349351		0.042		0.026				15959		0.0456818501		15293		0.0437754579

		1763		348731		0.042		0.026				15878		0.0455307959		15193		0.0435665312

		1764		346912		0.042		0.026				16887		0.0486780509		15100		0.0435268887

		1765		344343		0.041		0.025				22146		0.0643137802		14951		0.0434189166

		1766		343533		0.042		0.025				15806		0.0460101359		14793		0.0430613653

		1767		343306		0.042		0.025				16027		0.0466842991		14696		0.0428072915

		1768		341913		0.043		0.026				17190		0.0502759474		14932		0.0436719282

		1769		337799		0.043		0.026				18176		0.0538071457		14761		0.0436975835

		1770		336323		0.043		0.026				18413		0.0547479655		14687		0.0436693298

		1771		333039		0.043		0.026				16318		0.0489972646		14581		0.0437816592

		1772		331081		0.042		0.025				15587		0.0470791136		14084		0.042539439

		1773		329559		0.042		0.025				15698		0.0476333524		14012		0.0425174248

		1774		328117		0.042		0.025				15586		0.0475013486		13942		0.0424909407

		1775		326664		0.042		0.025				15501		0.0474524282		13875		0.0424748365

		1776		325047		0.042		0.025				15597		0.04798383		13798		0.0424492458

		1777		323361		0.042		0.026				15817		0.0489143712		13719		0.0424262666

		1778		322259		0.041		0.026				14788		0.0458885555		13647		0.0423479251

		1779		321883		0.041		0.026				14134		0.0439103649		13624		0.0423259383

		1780		320967		0.041		0.025				13615		0.042418691		13615		0.042418691

		1781		331737		0.041		0.026				14036		0.0423106256		14036		0.0423106256

		1782		337511		0.041		0.027				14559		0.0431363719		14559		0.0431363719

		1783		342639		0.041		0.026				14458		0.0421960139		14458		0.0421960139

		1784		343932		0.041		0.026				16116		0.0468580999		14504		0.0421711269

		1785		349434		0.042		0.027				15052		0.0430753733		14778		0.0422912481

		1786		353784		0.042		0.027				14996		0.0423874454		14822		0.0418956199

		1787		359403		0.041		0.026				16179		0.0450163187		15134		0.0421087192

		1788		360707		0.04		0.025				16858		0.0467359935		15121		0.0419204507

		1789		360651		0.042		0.026				16105		0.0446553593		15201		0.042148781

		1790		405890		0.042		0.028				26399		0.0650397891		17106		0.0421444234

		1791		402440		0.042		0.027				17507		0.043502137		17134		0.0425752907

		1792		405106		0.041		0.027				18489		0.0456399066		17209		0.0424802397

		1793		401986		0.042		0.027				18896		0.0470066122		16784		0.0417526979

		1794		400089		0.043		0.028				13910		0.0347672643		12213		0.030525708

		1795		400166		.		.

		1796		441909		.		.

		1797		453986		.		.






