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Abstract

On the basis of a newly constructed dataset of the natiooalieis of the province of
Holland in the period between 1347 and 1800, we analyze the pattern of grolshregion,
which was one of the most prosperous and dynamic parts of the querrmEuropean
economy. We demonstrate that this economy was characterizatinbgt continuous but
highly unstable economic growth caused mainly by exogenous shoclksl relahternational
trade and shipping, and harvest fluctuations. The causes of this grawytlver time. Yet,
the start of the Golden Age was characterized by the incdas#al factor productivity.
TFP-growth was an important factor behind growth in the period untill8#0s, was
negative during the middle decades of th& &&ntury, and became positive again after the
1660s. This suggests a surge of technological change during the 1540-1640 fo#owed

by much more incremental changes in the next two centuries.
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INTRODUCTION
The debate about the character of economic groetoré the Industrial Revolution of
the late eighteenth century has gone through a auwibstages. In the 1960s and 1970s
the early modern economy of Europe was considerdée basically stagnant, a view that
was most clearly expressed by Wilhelm Abahd by the representatives of the French
Annales schodl.In the 1980s and 1990s this picture came undeckatirom several
sides. Economic historians of the early moderngoetbegan to point out that the
industrialization of the late eighteenth and eailyeteenth centuries was made possible
by structural changes that took place during pnecedenturies. The development of
urbanization and international trade netwotksgricultural productivity, proto-industry,
national patterns of specializatfoand labor marketSthe ‘consumer revolution’ and the
‘industrious revolution® all demonstrated that this was a dynamic peridienthe basis
was laid for the industrialization of Western Eugogfter c. 1780. This ‘revolt of the
early modernists', as Jan de Vries has calfedits resulted in a much more optimistic
interpretation of economic growth during the ceigsibefore the Industrial Revolutidh.
In their book on 'The First Modern Economy. Succé&sslure, and Perseverance of the
Dutch Economy, 1500-1815', Jan de Vries and Ad dan Woude have carried this

'revolt of the early modernists' to its logical ctusion. Their thesis is not only that The

!Abel, Agrarkrisen und Agrarkonjunktur

?| e Roy Ladurie, “L'histoire immobile”, pp. 673-92.

% De Vries,European urbanizatian

* De Vries, The Rural EconomyHoffman,Growth

®> Mendels, “Proto-industrialization”, pp. 241-61.

® KussmaulA general view

" LucassenMigrant Labour

® De Vries, “The industrious revolution”.

°|dem, p. 253.

19 An early example for Holland is Riley, “The Dutehonomy after 1650,” who claims that even in the
18" century, which generally was considered a perfostagnation, there was growth.



Netherlands in this period can be characterizetthasfirst modern economy’, but also
that it went through a process (or rather a cyoefé)nodern economic growth' between
1500 and 1815}

This re-assessment of the early modern periochbiagone unchallenged, however.
The old orthodoxy that the pre 1800 world was kakia Malthusian one in which the
welfare of the population was stagnant in the long has returned to the scene with the
appearance of Greg Clark’s ‘A Farewell to Alms’dahe heated debate to which it gave
rise}? Clark mainly focused on English data and estimatesmost importantly (and
controversially}® estimates of real wages — and did not pay a lattefhtion to what was
happening in the rest of Europe, however.

So far, the answering of the questions about thertr trajectory of the European
economy before industrialization has thus beenrsgveonstrained by data problems.
The optimism of De Vries and Van der Woude is based few scattered data points
concerning possible levels of income in the Dutapublic (or Holland)* whereas the
pessimism by Clark is largely based on his real evagries for Englant. What is
missing, in our opinion, is a consistent set ofnestes of the national accounts of the

European countries in the pre-1800 period, makingpssible to study the process of

1 De Vries and Van der Woudeiyst Modern Economyp. 721.

2 Taken from a long list of reviews for example: Rwamz, “Gregory Clark, Farewell to Alms”; Harley,
“Gregory Clark, Farewell to Alms.”

13 Broadberry, Campbell, and Van Leeuwen, “The setwistribution of the labour force.”

14 Jan de Vries already in his study of the systeinlahd transport in the 7and 18 century developed
an innovative way to estimate income changes sghriod, but also these results were tentativeVibes,
Barges and capitalisnpp. 241-270

15 His GDP estimates are also largely based on tievage series and the assumption of a constant per
capita days worked between 1200 and 1850. Furtherrhis main claim is, contrary to Shaw-Taylor and
Jones, “An industrializing region” and Shaw Taydomd Wrigely, “The occupational structure of Engignd
that the release of labor from agriculture onlytstafter the mid-18century, which again suggest a
stagnationist view until around 1800. Estimatefasfer economic growth between 1270 and 1800 in
which agricultural labor was released already stheel 7' century is brought forward is discussed by
Broadberry, Campbell and Van Leeuwen, “The sectistfibution of the labour force.”



economic growth in detail. A research project whk aim to put together these sets of
estimates of long-term economic growth in Westenrope before the Industrial
Revolution already started in the 1990s (initiabydHerman van der Wee and Angus
Maddison)'®, and is now reaching a stage in which detailedamtlal estimates of GDP
per capita for key regions in Western Europe aregbput together such as for England,
ltaly, and Spairt/ This paper presents the results of such a prégeddolland, the most
populous and wealthy province of the Netherlands,which relatively rich historical
sources are available making it possible to coostamnual estimates of GDP and its
components.

The case of Holland is of obvious importance foe ttebate sketched in the
introduction. It was undoubtedly one of the mostalyic parts of Europe in the centuries
before 1800 and had, as demonstrated by De VridsVam der Woude, already a
relatively modern institutional framewotR Their hypothesis of ‘a first round of modern
economic growth’ is largely based on the case i3f pinovince. A reconstruction of the
national accounts of the province should make #sgile to answer the question if (and
when) this region generated such a process. Oitsvdsvelopment a typical example of
‘Smithian’ growth, driven by the expansion of imtational trade and resulting from
increased specialization and improved allocationesburces? Was it another example

of the wave-like character of an ‘efflorescencgpital of the pre industrial economy,

16 E.g. Blomme and Van der Wee, ‘the Belgian econgmglanima, ‘Italian economic performance’;

Yun, ‘Proposals to Quantify Long Term Performantéhie Kingdom of

Castile’; Van Zanden, ‘Early modern economic grawithis work has been completely ignored by Clark,
however

1" See for exampleBroadberry et al, “British Econof@iowth,” Prados de la Escosura and Alvarez Nogal,
“The rise and decline of Spain,” and Malanima, [{&ta GDP.”

18 De Vries and Van der Woud&he First Modern Economypp. 693-699.

19 See MokyrThe Enlightened Economg.5.



which in the long run did not lead to a (much) kigtevel of GDP per capitd?How
important were ‘modern’ drivers of economic grovetich as technological change and
the accumulation of human and physical capital?,AAsduming that De Vries and Van
der Woude are correct that institutions in thist pérthe world were indeed remarkably
modern already in the T@and 17" century, why did this ‘first modern economy’ cease
generate growth and structural change after 16506@0? Or did it continue to grow
after 16707?

The focus on the province of Holland has big adwvges: it was the most
urbanized, dynamic and richest province of the DuRepublic, and is therefore typical
for the pattern of change that can be found in rtieest developed parts of Western
Europe in this perio&: Studying this case inform us about the growth esees that
were possible in this part of the European econowhich were not limited by the
decreasing returns of the agricultural sector (beeahis sector was so small in this
region). Moreover, we were also able to reconsttbet basic outlines of the growth
trajectory of the Holland economy in the late Medieperiod (between 1347 and 1500),
which makes it possible to study a period in wistiuctural transformation was dramatic
and an important source of economic growth. By rmgldhese 150 years to the growth
record, we can also put the experience of this @ognduring its ‘Golden Age’ in

perspective.

2 Goldstone, ‘Efflorescences’.

21 Growth in Holland was probably faster between 1800 1650, but after 1650 the ‘periphery’ of the
country started to catch up, and it was probablyentynamic in the late 7and 18' century, as a result of
which the overall performance between 1500 and 1889 have been very similar; it requires another
research project to reconstruct and analyze thaserns in detail; see also the discussion albheset
issues in; De Vries and Van der WouB&st Modern Economy].72-179.



Finally, our intention is to chart the most impaoitéeatures of long term growth
in Holland in this paper, focusing on its ‘proxiraatauses’; we do not intend to test ideas

about its ‘ultimate causes’ from new institutioeabnomics or unified growth theory.

THE DATASET

We think we are now closer to answering above quest because we have built a
detailed dataset of the national accounts of Hdlleatween 1510 and 1807, and also
developed a likely ‘scenario’ for the pace and ahter of economic growth during the
late Medieval period. As a result, we can presstitrates of the development of GDP
per capita for the whole 1347-1807 period; thi® ateludes estimates of the structure of
the economy (the share of agriculture in GDP, faneple). In the appendices we give
the details about this project; it describes thg wawhich the estimates of the national
income for Holland before 1807 have been put tagethhe aim of the project was, for
the period between 1510 and 1807, to produce arestimhates of gross value added of
the main industries of the Holland economy in botirent and constant prices, which
could then be used to produce estimates of totd? GInd GDP per capita). The starting
point consisted of two benchmark estimates, forO1B54 and for 1807, the result of
previous research into the structure of the Hollaoonomy at the beginning of the™.6
century”? and into the national accounts of the Netherlaimghe 19" century”
Moreover, we used previous research into the dpwedmt of Holland in the late

medieval period, to produce tentative estimatethefgrowth performance of that period

22\7an Zanden, “Taking the measure of the early mo@geonomy.”

2 Smits, Horlings, and Van Zanddbutch GNP and its components, 1800-1911% two studies by
Horlings, The Economic Development of the Dutch ServiceSaatthe services sector and by Jangen,
industriéle ontwikkeling in Nederlandn the industrial sector in the first half of th@" century were
important as models for estimating output and valdeed in different parts of the economy.



as well, but these pre 1510 estimates are duetéocgastraints based on a much smaller
body of evidence. We applied the standard SystemNational Accounts (SNA)
methodology, concentrating on - as in previous wdhe output side of the economy.

We will first briefly explain the estimates concery the 1510-1807 period. The
challenge of this part of the project was to findirges that reflect the annual variation in
output or value added in different industries betwel510 and 1807 in order to
‘interpolate’ between the two benchmark estimatesi510/14 and 1807. In the process
of working with the data, we sometimes were ablertprove on the estimates made for
1510/14 and for the 1807-1913 period, as a redulwloch the resulting estimates of
GDP growth between these two benchmarks is slighigher than we previously
estimated (these, relatively small, discrepancets/éen earlier studies and the estimates
presented here are discussed in appendix 1). Merethe 1807 estimates related to the
Netherlands as a whole, and in order to link thdlaAd estimates to those of the
Netherlands, we had to estimate its share in DGIDIF, which also lead to a number of
(generally small) modifications of the originaliesttes (appendix 1).

The economy has been broken down into three sefgareary, secondary and
tertiary). The primary sector includes agricultumad fishing (herring fishing and
whaling); the main branch we miss here is freshewdisheries which were quite
important in the 18 century, but declined afterwartfsThe secondary sector consists of
textiles (wool and linen), clothing, constructiqmeat digging, food (bakeries, brewing,
gin — jenever — distilling, and other foodstuffs), paper, shiping, printing, soap
production and sugar refining. The tertiary seetas covered by international shipping,

international trade, domestic trade, inland transjgaia inland waterways), banking,

%4 See De Vries and Van der Wouddége First Modern Economyp. 237-239.



education, government services (military sector @edrest), housing, domestic services,
and professional services, which were approximdtgdotaries and book traders. In
sum, we have annual estimates of the value addecli{rent and constant prices) of 27
branches of national income, many of which are taoged on the basis of several
underlying time series; for example, the outputsbipping sector is based on data on
shipping to the Baltic, Asia, the Americas (inclglithe slave trade), and ‘the rest’, the
other trades which had to be estimated on the leddise nhumber of ships entering the
Netherlands in these years. A lot of the underlydagta relate to yields of various taxes,
such as the famous Soundtoll registers and the nradiyect excises levied by the
government? In addition, the detailed accounts of the DutclstHadies Company, the
central government of Holland, the Amsterdam ExgeaBank (Wisselbank) and the
University of Leiden have also been used for thient®® Moreover, thanks to the work
by Posthumus, Noordegraaf, De Vries and otherse tisea wealth of information on the
development of prices and wages, which is also wifdémental importance for
reconstructing the national accoufitdhe weakest part of the project are the estinaftes
technical coefficients and cost structures, forclihive often have only very tentative
estimates, related to one or two years (for the sodustry, for example, we know for
only one year, 1699, what the share of value adsl@d gross output). We were mainly
interested in the long term changes in the econointyolland; for lack of sources, gaps

in series sometimes had to be interpolated, batpiobably does not affect the long term

% Bang and KorsfTabeller over Skibsvart og Varetranspamd Fritschy and LieskeGewestelijke
Financién.

% De Korte,De Jaarlijkse financiele verantwoording in #©C; Fritschy and LieskeGewestelijke
Financién;Van Dillen, Mensen en achtergronde8luijter, Tot ciraet, vermeerderinge ende
heerlyckmaekinge der universiteyt'.

27 posthumusiNederlandsche prijsgeschiedenioordegraafPaglonen in AlkmaarDe Vries and Van der
Woude The First Modern Econompp. 609-614; for a recent overview see Van Zantiathat happened
to the standard of living before the Industrial Bletion?”



picture that we get. Thinformacie the very extensive and detailed census of 1514,
which is probably the richest source for the staflthe national accounts in the pre 1800
period, to some extent compensates for the datalgms of the 18 century. From the
1580s onwards, when the newly independent DutchuBRepexpands and starts to raise
many new taxes, the data flow increases steadily, the quality of our estimates
increases as well.

These estimates show, as has been pointed outebdfwat already at the
beginning of the 18 century the structure of the economy of Holland wary modern,
with, for example, almost half the population ligim cities and less than a quarter of the
labour force active in the agricultural sec®iThis of course raises the question whether
the roots of ‘modern economic growth’ should notsbeght in the period before 1560.
To address this question, we have also tried tot ¢ha development of GDP per capita
for the late medieval period, going back to the7,33 just before the population decline
caused by the Black Death. Unfortunately, we ordyéhrelatively good information on
the performance of the agricultural sector (maanigble agriculture), via the availability
of a number of more or less representative seriethe yields of tithes, and on the
development of the urban population (and in paldicthe population of Leiden) in this
period. This was used to develop a tentative seeimhmwhat happened to GDP between
1347 and 1510 (the details are explained in appezidi

The estimates of the national accounts of Hollarel & our view, the best
summary of the information that is available abthé long term development of the

economy of this region in that period. The beautyhe system of national accounts is

% See Van Zanden, “Taking the measure of the eanlyam economy”, p. 134, 148.
# See the discussion in Van Zanden, “The revolhefdarly modernists: an assessment.”



that it allows for a consolidation of all availaltgormation, from many different sources
and studies, which individually all have their ltations and are subject to certain
margins of error, into one consistent frameworle 8NA, which ‘takes care’ of the
selection and the weighting of all the data. Theultels a set of estimates of GDP and its
components that is, in our view, the state of tihes@mmary of our knowledge about this
topic.

The estimated series obviously have their wealase$3ne weakness mentioned
already is that in particular for the16entury we often do not have annual observations
of the variables measured. This can be quantiffedthe first period (1510-1580) we
have annual observations for only 35% of the econ(the rest is therefore based on
intrapolations); after 1580 (when the Dutch repaikblinerges as an independent state and
starts to produce large amount of data), this tisedmost 60% (59.1% in 1580-1650 and
59.5% in 1650-1750), to decline a bit (to 54.6%bhea 1750-1807 period.

It is also possible to address the issue of tigeedeof reliability of our estimates.

In order to assess this it is necessary to estisrabe margins. We applied a method to
do this, developed by Feinstein and Thomas, whe éaktheir starting point subjective
estimates of the margins of error of the underhgages, made by the authors of the
series. Their argument for doing this is that ‘fugwver problematical such subjective
assessments of unknown errors may be, they are macghinformative than general
statements formed from some favoured permutatictaak phrases (these estimates are
very: ‘approximate’, ‘imperfect’, ‘unreliable’, ‘tgative’, ‘uncertain’, ‘fragile’; they are:

‘a best guess’, ‘a rough guide’, ‘an order of magghe’, ‘a crude indication’; or, very

occasionally, they are: ‘reasonably reliable’, ‘dadty acceptable’; and so on).’ In



calculating the error margins of the estimatedesetthey follow Chapman and attach
margins of error to each component series, whenedategories of error margins are
distinguished: 3% for “firm estimates”, 10% fordgd estimates”, 20% for “rough
estimates”, and 35% for conjectur@sSince these error margins were based on 95%
probability, they are equivalent with two standarcbrs.

We attached these error margins to all seriegiareperiods in our estimates;
give the quality of the underlying data, we thihktthe estimates for the agricultural
sector are weakest, and that those of the sersesger have on average the lowest
margins of error. The next step is to aggregateanterror margin for the total national
income. Since some errors will be above, and dib&w the true value of the
component series, it follows that, as long as #rees are derived independently, the
errors may offset each other. Therefore, FeingtethThomas (2001, 17) proposed the

following equation:

g, = "qll o; + o7+ 2r,,0,.0,
, Wwhere the standard error of the over-all sere¥i€ equal to the square root of the sum
of the variances of series X and Y, as well adgrnterdependence component of the two
seriesr,,,, i.e the correlation coefficient of the two seriEsllowing a multiplicative
procedure of doing this for all 27 series in outadat and all time periods, we arrived at

estimates for the error margins as given in belawld@ 1. The estimated error margins

are considerable (10-12% for the period before La5@ decline over time (until the

30 Chapmanyages and Salaries in the United Kingdom 1920—19B8r categories have been adopted by
Feinstein and Thomas 2001 (and by Smits, Horlimgs\éan Zanden 2000)



middle of the 18 century). We did not apply the same method toptieel 510 estimates,
because the number of underlying series is vergdamestimates are based on indirect
evidence and therefore the margins of error are ewech higher for that period — our
subjective estimate is that those margins for oltel GDP series for 1347-1510 are at

least two to four times the level of the post 19&0od (and therefore vary between 20

and 40%). However, as shown in Figure 1, these arewgins do not change the trend in

the data.

Table 1

Margin of error in GDP and its components (95% prolability)

Agriculture Industry Services GDP
% margin of % margin of % margin of % margin of
Mean GDP  error (95%) Mean GDP  error (95%) Mean GDP  error (95%) Mean GDP  error (95%)

1510-1580 16,226.4 30.2% 17,907.3 15.1% 44,631.0 9.7% 78,764.7 11.6%

1580-1650 23,105.0 27.8% 39,3624 17.2% 102,173.8 7.3% 164,641.2 10.8%

1650-1750 29,954.4 21.2% 58,754.7 6.3% 120,201.3 5.0% 208,910.3 4.1%

1750-1807 35,286.8 31.4% 60,809.4 8.4% 128,160.1 3.7% 224,256.3 7.0%

Figure 1.
PER CAPITA GDP (1800 CONSTANT GUILDERS, INCLUDINGRROR
MARGINS)
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Figure 2

GDP (million 1990 GK dollars), POPULATION (*1000) HOLLAND, 1347-1807
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Source:Appendix 1 and 2.

The ‘big picture’ that emerges from putting togethtiee estimates for population and
GDP for the late medieval and early modern persoprésented in Figures 1 and 2. Three
periods can be distinguished. During the late Meaieperiod GDP growth and
population growth was rather slow; there was angtriocrease in GDP per capita in the
decades after the Black Death of 1348, stabilitgvean some decline between the 1370s
and the 1420s, a resumption of growth in the midi#eades of the f5century, and
stability or even some decline towards the enchaf tenturyf’ More importantly, the
underlying trend was clearly upward, in spite @& fact (for example) that already during
the middle decades of the "™ Bentury population levels surpassed the pre-13%&,p

implying that per capita growth was not simply ada population decline. Margins of

%1 De Boer,Graaf, 211-333; Van Bavel and Van Zanden, ‘Jump-start’.



error are large for this period, however, so wencarbe too confident about the exact
rate of economic growth.

The second period — of rapid GDP combined withd-gppulation growth — starts
during the first decades of the™L6entury and ends during the middle decades of ffle
century (Figure 2). This is the classical ‘firsumal of economic growth’ as analysed by
De Vries and Van der Woude. It is after about 164@wed by a third period of stable
population levels (or even a slight decline), comebli with a slow increase in total GDP.
The picture of per capita growth is more nuancexydver. Again the trend is clearly
upward between 1500 and 1620, but per capita grsaghly marginally more rapid than
before 1500, and appears to end already in thesl6&en the per capita series shows a
number of strong peaks. The 1620-1670 period isobmapid GDP growth, but stability
— perhaps even some decline — in the per capitass@recause population growth is so
rapid in these years, partially due to massive ignation from the neighbouring
countries). The eighteenth century performancehefHolland economy is better than
expected on the basis of current literature: GDPcpgita recovers to the level of the
peak years before 1650, and income levels in tl®dand 1770s are even higher than
ever before (and even the 1790s are in terms of @ddRapita not bad at all).

Perhaps the most striking result is the almosticootis growth of GDP per
capita at on average 0.19 percent per year duheglB47-1807 period. Growth is
already quite strong in the late medieval periobdemduring the second half of the™5
century per capita GDP increased at a slightly dngtate of 0.25 percent per year.
Surprisingly, between 1500 and 1800 the familiatgua of growth before ca 1670 and

stagnation or even decline afterwards, is not tiatious in the per capita estimates.



What is perhaps most striking of the estimates gmtesl in Figures 1 and 2 is the
continued increase in GDP per capita in th& &&ntury, in particular in its second half.
Seen in the very long run, per capita growth in]tBtEcentury is not very dissimilar, and
not (much) lower, than in the preceding three aeegu This is in sharp contrast with the
usual view that growth came to a complete stadstiwas even negative, in the century
and a half after 1678.

It appears that trend growth of per capita GDP weasarkably stable in the very
long run; in all periods - during the late Middleés, the period of expansion between
1500 and 1670 and the period of relative stagnadfter 1670 - we witness an ongoing
growth of per capita income. Between 1510/14 ara7 BB GDP per capita increased by
about 60%, somewhat more than was expected oralie df the comparison of the two
benchmark (1510/14 and 1806/7), which pointed ténarease of about 5098.During
the period of more than 450 years (1347-1807) ppita GDP more or less doubled.

Another, equally striking feature of the reconested series is the high instability
of the economy. The second striking feature of éeémated national accounts is the
instability of the pre-1800 economy. From the middiecades of the Y6century
onwards (when the number of series with annualrebtiens increases), trend growth is

almost overshadowed by enormous swings in all seabthe economy. There is rapid

%2 There are reasons to be even more optimistic abeugrowth performance during the™&entury. The
Netherlands exported a lot of capital during thesigd, which led to strongly increasing flows ofame to
Dutch citizens. This means that the growth of reabme was faster than the development of realymtpd
measured here. On the basis what is known abose fiheestments and income flows, it can be estinate
that at the end of the T8&entury Dutch GNP was perhaps five percent highan GDP, a difference
which was close to zero at the start of the cenfuan Zanden and Van Rielhe Strictures of Inheritance,
p. 21). Holland was contributing disproportionaltythis, and may have received about 70 to 80 pewfe
the income from abroad, increasing its income [8#&-Real incomes therefore grew more than the GDP
estimates suggest, and much of this increase waentrated in the second half of thé"t@ntury.

% van Zanden, “Early modern economic growth”; Vamdan, “Taking the measure of the early modern
economy”, pp. 153-154; the explanation is thatestimates differ sometimes from the benchmarks
established for 1510/1514 and 1807 ; see the ddtdiscussion in appendix 1, Table 1.



growth during the middle decades of thd" b@ntury (when Holland is closely linked to
the Antwerp economy), followed by almost completdlapse during the first years of
Revolt against Philip Il (between 1566 and 1573)em from peak to through, income
per capita almost halved. It was probably the wdegtression in early modern Dutch
history. The period between the mid 1570s and 1638 one of very rapid growth,
initially in spite of the war with Spain, but theute with Spain between 1609-1621 lead
to a further acceleration of economic expansione Hext phase, the renewed war
between 1621 and 1648, is again a period of coatirgrowth (although the peak of the
early 1620s is not surpassed). The peace with Spali648 was followed by a sharp
contraction of the economy, however, partially tbgult of the “peace dividend”, because
expenditure on the army and the navy contractecobhan these years (Figure 4). The
rest of the economy also did not fare very welthese years. The sharp decline after
1713 has the same explanation: a massive redusftipablic spending on defense. If we
ignore the expenditure on navy and army the groefthGDP per capita becomes
smoother, but the growth retardation of the seduaifiof the 1 century still seems to
be there®

What are the causes of these huge swings in tied d&8\GDP? We can start the
decomposition of the variance by, for simplicitkeaassuming that we have the variance
of two series:

Xy, o)

¥ \{‘[i}'. ﬂ'};]

34 In the submitted version of the paper this sedscsummarized as follows: In the working papeisi@r
of this paper we have analyzed the causes of higthhility in detail and compare it with the muchrm
stable growth path of the Netherlands after 18tl&olild be demonstrated that the sector of intemnak
services was the main cause of high instabilitydustrial and agricultural output was fluctuatingah
less violently.



, wherer and 2denote the mean and the variance of the sEra=lY respectively and
sandz are their variances. Now, if add the total of tive variables together, we get:
I=X+Y

Where the new serigghas a meann, + mand, if they are uncorrelated, the variance is

simply the sum of their individual variances. Irsedhe series are correlatdtill has
the same mean as before but the variance becomes:
of=cf+of+ 2 -0y
, Wheredxy is the covariance of X and Y. In other words, & series are positively
correlated, the variance of the sum of the seridgwup. We can generalize this
equation foN variables as follows:
Var{Z) = z Var{¥;)+ 2 z Cov(X;, X;)
i=1 ff

The results of the decomposition of the variarreepaesented in Table 2. It
appears that the services sector is the main cdus@atility; especially (international)
trade fluctuates enormously, largely due to exogersthocks such as wars (Jonathan
Israel gives a detailed overview of these develapg)é® The openness of the Dutch
Republic therefore contributed significantly to thetability of its economic
development, a factor that declined after 1670.

The same method can be used to analyse why tleearof GDP and its
components was so much smaller during tHedentury (Table 3). We concentrate on
the three main sectors here. The services secttifl e most important source of

instability although declining after 1807. Howevenge has to keep in mind that after

% |srael,Dutch Primacy in World Trade, 1585-1740.



1807 the data refer to the Netherlands insteadotiahid. More interesting is a relative
decline in volatility in industry. Even though weeaagain confronted with a change to
the Netherlands in 1807, the decline in industradatility is still part of a trend that
already started after 1670 and picks up again aftéy ca 1850 (see Table 3). This
suggests that the decline in growth in the HollAletlherlands economy was largely
caused by a decline in dynamism of the industgat@ and, to a smaller extent of the
trade sector. It is noteworthy that not only thieetf of industry on volatility declined
between 1670 and 1850, but also that also the gko®efficient of variance declined
between 1670 and 1850, possibly caused by the sld®@® growth during this period,
which reduced the variance and decreased th&°CV.

Table 2

. DECOMPOSITION OF THE VARIANCE OF GDP PER SUBSECHIN
HOLLAND, 1510-1807

#
$ %
&
o
o |
& (
# %
)+

3 For a description of the effect of the presenca wénd on the coefficient of variance see Félidaad
Van Leeuwen, “What can price volatility tell us albonarket related institutions?”



Table 3
DECOMPOSITION OF THE VARIANCE IN GDP, 1510-1913

We can test whether growth is continues over theeeperiod between 1347 and 1800.
Since we do not want to impose breakpoints in tloeleh we use the Quandt Andrews
unknown breakpoint tedf. The model takes the first and last 15% of obs@matin the

sample and then tests for all in-between years lvenehcluding a breakpoint improves
the fit of the model. The 0-hypothesis is that nmeafpoints exist. The results are
reported in Table 4. This shows the possible FRssieg which indicate if the O-

hypothesis is rejected. As one can see, in allscse p-value is 1, indicating that the

hypothesis of no breakpoints cannot be rejected.

37 Quandt, “Tests of the hypothesis that a linegrassion system obeys two separate regimes.” and
Andrews, “Tests for Parameter Instability.”



Table 4
QUANDT-ANDREWS UNKNOWN BREAKPOINT TEST FOR PER CAPA GDP

GROWTH

Quandt-Andrews unknown breakpoint test

Null Hypothesis: No breakpoints within trimmed data
Equation Sample: 1357 1850

Test Sample: 1429 1763

Number of breaks compared: 335

Coefficient Coefficient

(without (with Baxter-

Statistic smoother) King smoother)
Maximum LR F-statistic

(without smoother: 1579) 5.124096 6.014991

(with smoother: 1635) (0.9226) (0.1597)

0.757583 1.070419

Exp LR F-statistic (0.9964) (0.1775)

1.145506 1.549063

Ave LR F-statistic (1.0000) (0.1806)

Note: probabilities ( in parentheses) calculated using Hansen's (1997)

method

Warning: estimation sample is non-continuous (probabilities
calculated assuming a continuous sample)

One might argue that above results have low pbeeause either more
breakpoints are present, or because of strongiMylat the series caused by wars and
plagues making the breakpoints turn out insignificedlowever, we tried this test also on
sub periods which did not alter the results. Furtizee, the volatility present in the data
consists largely of changes in the level of GDPqagiita, while during the inbetween
periods growth seems to have continued. This ilsdang that has also been found for
present day developing economies: countries witidgostitutions know long periods of

stable growth while countries with sub-optimal ingtons experience relatively fast



growth inbetween periods of stagnatiiSince this seems to apply to Holland as well,
we presented in the second regression in Table 4ame coefficient after using a
Baxter-King filter to remove volatility. In the srathed and non-smoothed series the
coefficients are insignificant, suggesting thatneakpoint can be determined. Table 4,
however, does show that, if a breakpoint is presestould be around either 1579

(acceleration) or 1635 (slowing dowt).

STRUCTURAL CHANGE AND GROWTH BETWEEN 1347 AND 1510
Although per capita growth seemed to have takeoepdmost during the whole period,
this does not imply that the character and sousEger capita growth remained the same
over the entire period. Before we analyze the ‘prate causes’ of growth in the period
after 1500 in some detall, first a few words abthg late Medieval period. This was
without doubt a period of very rapid structural ga. In the 1340s, between 50 and 55%
of GDP originated in agriculture, and probably &erelarger share of the labor force was
employed in the primary sector. This changed inftilewing 150 years. At about 1490
the share of agriculture had already declined ¢ than 20%, after which the process of
structural change proceeded much more slowly (Ei@)r At the same time the share of
the population living in urban areas increased 280 just before the Black Death to
45% in 1514, making Holland the most urbanized aegn Europé?® This dramatic

restructuring of Holland’s economy was induced kRggenous shocks that undermined

38 Pritchett, “Understanding patterns,” Jerzmanowl&ipirics of hills, Mountains, plateaus and plains
39 We checked these results also via the CUSUM aegtaph showing the one-step recursive forecast
errors. If the model at the start of the periodairs the same for the entire period, e.g. a cohptm
capita growth rate, the recursive forecast errostmot be significantly different from 0; such agh also
shows no breakpoints during the 1347-1807 periodfioning the results of table 2.

“0van Bavel and Van Zanden, “The jump start ofttedland economy”, p. 505.



the agricultural basis of the region; a rising wdevel, storm surges (such as the St.
Elisabeth flood of 1421) and the gradual subsideridbe peat lands on which most of
the arable farming was taking place sharply reduassble output from the 1370s
onwards*

In the long run, the economy of Holland was ableespond well to this crisis,
however. Within the agricultural sector there waswatch towards livestock farming;
exports of cheese, butter and livestock increasgiich was accompanied by a rapid
commercialization of this sector. On the countrgsmw ‘proto-industrial’ activities also
spread quickly: spinning for the urban wool indystor example. During part of the year
the rural population became active as wage workerghe herring fleet and on the
merchant fleet, in dike building and maintenance ianpeat digging? Finally, the urban
sector also expanded in this same period, stimdilpgghaps by immigration from the
countrysideé’®> Two major export industries, woolen textiles an@éwing, developed
rapidly, and Holland also acquired a strong intgamal position in international
shipping (long distance trade was still concentratethe southern Netherlands).

In short, the crisis in agriculture led to a rigemarket-oriented activities in which
the Holland economy specialized. This was, howerede possible by the relatively
efficient market institutions that had emerged liageding centuries. As a result of these
changes, in 1514 only about half the rural popaolatvas active in agriculture — other

rural activities had became equally important.

“1 De Boer,Graaf en Grafiekpp. 218-224.
“2van Bavel, “Early proto-industrialization in thew countries?”
3 De Boer,Graaf en Grafiekpp. 142-164.



Figure 3
THE SHARE OF AGRICULTURE IN TOTAL GDP IN HOLLAND, 348-1807

Share of Agriculture in GDP of Holland, 1348-1807
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Sourcessee Appendix 2.

Structural change obviously was a very importantre® of growth in the late
medieval period. The benchmark estimates for 13abIé 5) demonstrate that the level
of labor productivity in industry and in serviceasvmuch higher than in the primary
sector. Switching 30-40% percent of the labor fdroen low productive agriculture to
high productivity activities in the secondary aredtiary sector could therefore easily
account for an increase of 15-20% of GDP per cafitdal growth was much more,
however, almost 60% in per capita terms. A firgt gagita growth spurt is related to the
effect of the sudden decline of the population raft847. The return to pre-Plague
population levels does not result, however, in eide in income levels; growth in fact

continues in the % century, when population growth also picks up ag#&iuring a



period of high nominal and real wages, the Hollandnomy was able to acquire a strong
international position in the production of texsiléwoolens and linen), beer, herring,
peat, and shippintf. This suggests that growth was to a large extesu dtiven by
technological change making possible increasestal factor productivity, which were
probably also linked to the economies of scale tlesulted from urbanization and

specialization.

Table 5
STRUCTURE OF THE ECONOMY AND RELATIVE LABOR PRODUGYITY,
1510 AND 1807

Primary* Industry Services

1510 GDP 27.2% 35.1% 39.7%

Occupational

structure 39.4% 38.4% 22.2%

Labor productivity 0.64 0.91 1.79
1807 GDP 18.2% 31,3% 50.5%

Occupational

structure 23.0% 42.0%  35.0%

Labor productivity 0.79 0.74 1.45

* includes agriculture, fisheries, and peat digging
Source:see Appendix 1.

THE PROXIMATE CAUSES OF GROWTH BETWEEN 1510 AND 180
As a result of the dramatic decline of agriculturehe late medieval period, structural
change in the next three centuries was ratherdanitVhat happened between 1510 and
1807 — to make a long story short — was that tlaeesbf services in the labor force and in
GDP increased strongly, which is what may be exgaeduring economic development.

Moreover, its relative productivity remained highttian in industry and agriculture,

“4van Bavel and Van Zanden, The Jump-Start”, pp.-526.



implying that this shift contributed to income grilnAt the same time, the share of the

primary sector in GDP (and employment) declinednfr27% to 18%); the share of

industry in employment increased somewhat, butDPG fell, indicating a relative fall

in its productivity (but the 1800-1812 period waseptional, with very high agricultural

prices, inflating the relative productivity of aguiture).

indeed growing relatively rapidly, as Table 6 destoates, but this was almost matched

Consistent with these changes in relative shasediors, the services sector was

by industrial growth (0.53 percent annually of isttial value added, compared with 0.56

percent of services); agriculture was in fact teast dynamic from this point of view

(0.28% annually). Within industry, textiles is theost dynamic industry, while within

services, banking, government (including army), drahsport are the three fastest

growing sectors.

Table 6

ANNUAL GROWTH RATES BY ECONOMIC SECTOR(%)

Growth rates by economic sector (%)

Agriculture Industry Of which Services  Of which
Food & Other Other
Drink Textiles Building Industry Transport Trade Government Banking  Services
1512-1565 0.37 0.88 0.80 0.05 1.60 0.88 2.07 2.19 2.46 0.66 0.84
1665-1620 0.86 1.48 1.42 2.46 1.33 0.55 1.11 1.77 0.79 3.17 1.15
1620-1665 -0.02 0.50 0.65 0.79 0.16 -0.18 -0.45 0.21 -1.18 -0.10 2.22 0.85
1665-1720 -0.11 0.02 0.18 -0.09 -0.33 0.27 0.06 -0.47 0.38 -0.25 1.77 -0.07
1720-1800 0.28 0.00 -0.40 0.64 -0.03 -0.44 0.14 0.11 -0.13 1.15 1.40 -0.07
1512-1800 0.28 0.53 0.44 0.76 0.50 0.16 0.56 0.71 0.44 0.98 0.47
Average
share of
sector in
GDP (%) 0.17 0.27 0.12 0.07 0.04 0.04 0.56 0.09 0.31 0.07 0.003 0.1

Source:see Appendix 1.
NB 1512 is the average of 1510/14, 1565 is 1563 6&tera



For the period after 1540 it is possible to do xreise in growth accounting and
analyze the sources of economic growth: increasgas of labor, capital and human
capital, and total productivity growth. Because oput of the capital goods sector
consisting of shipbuilding and the constructionusigly is known, it is possible to make
tentative estimates of the capital stock from 16d®Wards using the Perpetual Inventory
Model (to turn estimates of the flow of capital dsanto stock estimates we assumed a
asset life of ships of 10 years, and of other ehgibods — mainly buildings - of 20
years). In addition, we have estimates of the patpni, of the annual years of schooling
of the population (via the ‘output’ of the educat®ystem), and of the cultivated land
used in agriculture. Their weights, derived fromyientative estimates of the income
side of the economy, are assumed to be 40% for (@deere the share of the labor force
in total population is assumed constant over tif8@%p (capital stock), 20% (human
capital stock) and 10% (land) (for a further dgstton, see appendix 1). For example, in
the base period 1540, agriculture has a shareaft@®% in GDP (Figure 3), about half
of which is the rent of the land used, which brittys share of land in GDP to 10%. The
share of human capital (measured as the average geaducation of the labor foré@)
to GDP can only be estimated in a very tentativg (@a the basis of data on the skill
premium and the salaries earned by skilled empk)ydeerefore also estimates
excluding human capital (and raising the sharéefiabor force to 60%) have been

presented.

> See Figure 4 of Appendix 1; average years of gthrcincreases from about one in the 1550s to aBout
in the 1790s.



Table 7

THE ESTIMATED SOURCES OF ECONOMIC GROWTH, 1540-1800

Human Capital Weighted
Population Capital  Stock Land Inputs GDP TFP (1) TFP (2)

1540-1620 1.05 1.17 156 0.17 1.14 1.92 0.65 0.81
1620-1665 0.68 1.28 0.75 0.17 0.77 -0.18 -1.00 -0.83
1665-1720 -0.04 0.56 -0.26 0.03 0.02 0.08 0.08 0.18
1720-1800 -0.30 -0.10 0.22 0.07 -0.07 0.04 0.09 0.15
Note:

TFP (1) shares of inputs: population 40%, capitadls 30%, land 10%, human capital 20%;
TFP (2) shares of inputs: population 60%, capitatls 30%, land 10%
1540 is 1538/1542, etc.

Human capital is population corrected for changabé average years of education.

The results, presented in Table 7, show that TF®witr was contributing
significantly to growth between 1540 and 1620 agdira— but at a lower rate of change
— between 1665 and 1800. TFP-growth was strongettd final decades of the Y16
century, when in a way the economic basis for tieimg ‘Golden Age’ was laid. It then
slowed down during the first half of the™ gentury, and even declined from the 1620s
onwards. For the 1660s onwards, however, it stauliand even began to play a now
much more modest role in economic growth. The waeecharacter of technological
development during the ‘long’ Golden Age is confinby studies of the number of
patents granted by Dutch authorities, which peakh# 1620s and 1630s, and slowly
decline afterward$, and by the qualitative information on the risel aecline of Dutch
technological leadership collected and analyzedDayids?’ There clearly was an
‘explosion’ of innovation in the 1540-1620 peridd]lowed by a long period in which

technological change continued, albeit at a mucbwesdt pace. Moreover, the

“6 van Zanden and Van Riélhe Strictures of Inheritancp, 27.
" Davids, The rise and decline of Dutch technological leatigys



development of TFP of the economy as a whole i3 alsiost identical to the estimates
of the growth of TFP in the shipping sector, présery Van Zanden and Van TielH6f,
which show a strong increase in TFP until the 16264 decline afterwards.

Figure 5
THE DEVELOPMENT OF TFP BETWEEN 1540 AND 1807 (154@9)

The developmentof TFP betwaen 1540 and 1807 (1540=130)
250

200 l
150 4 -
I ,WM

50

40
1560
1580
1600
1620
1640
1660
1630 -
1700
1720
1740
1760
1780
1800

The Medieval phase of growth was dominated by sirattransformation and a
perhaps rather slow process of technological chamgdch together resulted in
substantial TFP-growth. After 1540 technologicamfpe probably accelerated, and TFP-
growth contributed a lot to per capita increas&DP. A third phase of continuing per
capita growth, after the 1660s, was largely basedactor substitution and a modest
increase in TFP. After 1720 the physical capitalcktincreased in per capita terms
(Table 7). As Adam Smith already noticed, intemagés in the Netherlands were very

low in these years, which contributed to internagiiocompetitiveness, and must also, in

“8 van Zanden and Tielhof, “Roots of Growth and Puiiity Change.”



combination with high wages, have furthered capdakpening. In shipping, for
example, the labor input was reduced relative ¢octipital input, as a result of which the
tonnage per sailor increased strongly, a procesiyzed by Lucassen and Under.

Structural change was a rather limited source ofwtr in this period, because
this economy was already strikingly modern from #tart of the period. The most
significant change in this respect was probablyitfeeease of the banking industry —
based on the low interest rates, the excellennéiah infrastructure, and the availability
of large domestic savings surpluses which were gega@broad’ But even the banking
industry contributed only a few percent to GDP dgrits best years in the 1770s, 1780s
and 1790s.

A source of per capita growth that was becomingeasingly important was
human capital formation. Already in the™.6entury levels of human capital in Holland
were relatively high, as was remarked by contenmgoreitors, who found that not only
men but also women could usually read and write, #uat these skills were not only
concentrated in the cities, but also spread over dbuntryside. We estimated the
development of the average years of education efHblland population at (not more
than, but also not less than) about 1 year in thuglle of the 18 century, increasing to
about 2 years in the second half of th& t@ntury when 84 percent of the males and 64
percent of the females did sign a marriage cestificLevels of literacy were very high

by international standards — much higher, for eXanthan in England or Belgiuri.

*9 Lucassen and Unger, “Labour productivity in ocehipping.”

% Riley, International Government Finance.

*1 Buringh and Van Zanden, “Charting the Rise of\est.” Human capital is measured in the usual way
in studies based on national accounts, as the gvgrears of education of the population; we ackedgt
that for the pre 1800 period in particular othenfe of human capital — such as on the job traibing
apprentices as part of the guild system — weregpsrmore important, we cannot measure this part of



Summing up, we can distinguish three phases ipribeess of economic growth: the first
one, between 1347 and 1500, is characterized by tpuctural transformation and
(modest) technological change; the second one, frenmiddle of the 6century to the

middle of the 1% century, was based on relatively rapid technokllgievelopment, and

is combined with relatively fast growth of poputatj during the third phase, which
begins in the 1660s, population growth comes tceman, technological change slows
down, but changes in relative factor proportiond human capital formation allow for a

further increase in per capita incomes during @f&century.

CONCLUSION
The central question of this article was aboutd@racter of economic growth before the
Industrial Revolution: was there some kind of ffirsund of modern economic growth’, a
sustained increase in income per capita accompéamisttuctural change? Or should we
interpret the Dutch Golden Age as an example ottleéical nature of growth in this
period, of a brief efflorescence of the economgyitably followed by stagnation or even
decline?

The answer to these questions was based on aedietadonstruction of the
national accounts of Holland in the period betw&&h0 and 1807, linking these series to
the available estimates of GDP and its componentdhé Netherlands (for the 1807-
1913 period). Moreover, we also were able to predughly tentative estimates for long-

run growth in the late Medieval period (1347-1510)analyse in more detail the growth

human capital (which is, however, often ignoredtidies on the effects of human capital on growsee-
the discussion in Van Leeuwdduman capital and economic growth.



process during the Dutch Golden Age. On this basisould establish the following
features of economic growth before the Industriedvétution.

1. Growth was relatively slow (by post 1800 standakig)it is difficult to find
an economy which was growing as rapidly as Hollanthe 450 years
between the Black Death and the Napoleonic Wansekample growth in
England only matched the 0.19 per cent per annwwtgrof Holland from
1650 onwards? The trend rate of growth of per capita GDP of (p&8cent
per annum led to a total increase of real inconyasdre than 100% in the
450 years under study, and made Holland into orleeoivealthiest parts of
the world economy by the end of thé™entury.

2. Growth was persistent: the Holland economy showsarkable resilience in
this respect; it goes through a number of crises,td harvest failures and
dramatic decline of arable yields between 137014#0, the Revolt and the
following civil war between 1572 and 1609, and ithereased competition by
its neighbours (from 1650s onwards), but it manageslapt its economic
structure and to resume its growth path after sackessive crisis.

3. GDP was highly unstable — much more unstable tften 5820; this was
mainly due to the importance of international segsiin the economy, which
showed enormous fluctuations in output and incamegre cases doubling or
halving over the course of a year. This is linkedeict that this economy was
first of all dominated by its large services sechyrinternational shipping and
-trade in particular (contributing around 31% to §Dwhich made Holland

an open economy affected by the booms and bustertd trade;

2 Broadberry, Campbell, Klein, Overton, and Van Leen, “British Economic Growth,” Table 19.



4. The Holland economy went through a phase of intées®nological change,
between the middle of the #@ind the middle of the f7century, which was
an important factor behind the rapid growth of GBRhis period; before and
after this ‘big wave’, technological change was mabwer, but it continued
to contribute to growth after the 1660s;

5. The relationship between structural change and @B¥$growth was
different before 1800 than afterwards; there acathsimilarities with what
Crafts* found for the English economy, that structuralmgieof the labour
force and of GDP tended to be much more radictierpre 1800 period than
per capita growth. Or, in terms of the relationdhgtween structural change
and GDP growth, one percent of ‘decline of agrio@t was accompanied by
a much smaller increase in real income than irL@fecentury. According to
Crafts this was a peculiar feature of the Britishreomy, but we find a similar
pattern in Holland, suggesting that this was a ngereeral characteristic of
the process of pre modern economic growth. Intierglgt comparing the 19
century patterns for Europe as discussed by Onatfitsthe post 1950 patterns
found in Chenery and Syrquin points to a furthearge in this relationshif.

6. International trade and shipping were the most dyo&ectors of the
economy, and its expansion went together with rapigctural change that
must have contributed a lot to GDP growth. In 8etse, growth was

typically ‘Smithian’, but at the same time modenivdrs of growth —

%3 Crafts,British economic growth61-62

> Whereas a halving of the labor force in agric@t(from 66 to 33%) before 1820 correlates with an
increase of GDP per capita of about 90%, duringl@tl century such a change would be consisteht wit
an increase of 165%; in 1950-1970 the growth of GiRId be even larger: 369%; Crafjtish
economic growth,61-6Zhenery and Syrquifatterns of development.



technological change, the increase of human andigdiycapital — also
contributed a lot to the increase of real inconié® growth accounting
exercise presented here does not allow us to digrefake a distinction
between these two sources of growth, however, Isecéney both result in an

increase in total factor productivity.

Growth was, in sum, episodic, unstable, dependemiarld markets, driven by a mixture
of ‘Smithian’ and ‘Schumpeterian’ forces, but re=ik, and in the very long term more or
less constant — after each crisis the economy foemdways to increase output and
productivity. This, in our view, neatly solves thblem, implicit in the interpretation by
De Vries and Van der Woude, that Holland had a énoorless) modern set of institutions
and was a (more or less) modern market economyatfiat being successful during the
Golden Age, failed to generate continuous growteraf670°>> De Vries and Van der
Woude underestimated performance after 1670 — bedaend growth did continue after
a break — which points to even greater resiliericdhis economy than they had expected.
It is, however, also quite clear that growth bef®890 was different from growth
after that date. It was much slower than afteritidleistrial Revolution: it took more than
350 years to double real income in Holland, butybane century to double real income
of the Netherlands after 1807. Whereas after 18@ryegeneration could count on the
fact that it was by and large better off than thevpus one, this was not the case in the
pre 1800 period; it not only took more time to ease real income, but annual
fluctuations in output and income were also muebdathan in the 19th century. Part of

the explanation of the acceleration of growth isthaps, that growth after about 1820

% De Vries and Van der Woudghe First Modern Economy



was a pan-European process, which profited fronitipedeedbacks between countries
and regions. In contrast, before 1800 growth wascentrated in only a few regions,
which also heavily competed with each other. Tlevslg down of the Holland economy
in the second half of the T7century was linked to increased competition frotheo
European countries, which resulted in strong ptaieism on their part. Both
Cromwell’'s Navigation Acts of the 1650s, and Cotlseprotectionistic policies of the
1660s and 1670s aimed at undermining Dutch supnenwec the high seas and
international markets, and both had very serioussequences for Dutch trade and
shipping (for good reasons, it lead to major wagsmMeen the countries involvet) The
greater stability of growth after 1820 may alsorélated to the fact that the "L @entury
knew a long period of relative peace, whereas lim@st continuous warfare of the early
modern period was a very important cause of inktybespecially of the international
sector of the economy, on which Holland dependethsoh. Obviously, the underlying
rate of technological change also accelerated guhie Industrial Revolution.

Economic growth therefore, did indeed exist in tine-1800 period, but its rate
was much slower and its instability much highemtla the period after the Industrial
Revolution. We have demonstrated that this prooé§sre modern economic growth’ —
of slow, and very unstable increases in per capitame - already began in the late
Medieval period, which is consistent with much lo# inew literature on the topic, which
is however to a large extent based on the evidehtlee development of real wages in
this period’’ Apparently, this economy was able to adapt suéaisso the situation of

labor scarcity that emerged after 1348, and deeeldbe right institutions and incentives

%8 |srael,Dutch Primacy pp. 207-236, 282-291.
" E.g. Allen, “The great divergence in European vsaged prices”; Van Bavel and Van Zanden, “The
Jump Start of the Holland economy”; Pamuk, “ThedRIBeath and the origins of the ‘Great Divergence.”



to transform itself in a highly successful ‘high ggaeconomy’, capable of generating

positive trend growth.
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Appendices to Bas van Leeuwen and Jan Luiten vadefg The origins of ‘modern
economic growth’? Holland between 1347 and 1807'.

Appendix 1. The estimation of the national accountsf Holland 1510-1807°

1. Introduction

This appendix describes the way in which the edgmaf the national accounts for
Holland in the period 1510-1807 have been put togetThe aim of the project was to
produce annual estimates of gross value addedeofrihin industries of the Holland
economy in this period, in both current and cortspaites, which could then be used to
produce estimates of total GDP (and GDP per capan)}hese three centuries. The
starting point consisted of two benchmark estimafies 1510/14 and for 1807, which
resulted from previous research into the structofethe Holland economy at the
beginning of the 18 century (Van Zanden 2002), and into the natiorabants of the
Netherlands in the 19century (the results of which have been publishgdSmits,
Horlings and Van Zanden 2000). The two studies loylirgs (1995) on the services
sector and by Jansen (1999) on the industrial séttthe first half of the 19 century
were important as models for estimating output aade added in different parts of the
economy.

The challenge of this project was to find sourdes teflect the annual variation
in output or value added in different industriesween 1510 and 1807 in order to
‘interpolate’ between these two benchmark estimalesvas not possible to create
another benchmark at, for example, some point duttie 17' century. Although this
was originally the intention, it proved not possiltb find the right sources for this (but it
may be subject of future research). In the prooésgrking with the data, we sometimes
were able to improve on the estimates made fol 5#1€/14 and 1807+ period, as a result
of which there are some discrepancies betweereeatlidies and the estimates presented
here (which we discuss in section 6). Moreover, 11807 estimates related to the
Netherlands as a whole, and in order to link thdlaAd estimates to those of the
Netherlands, we had to estimate its share in D@GEWP, which lead to a number of
(generally small) modifications of the original iesates.

The aim of this appendix is to explain which sosreeere used, and which
procedures applied to them, in order to measuredtheelopment of value added in
current prices and in constant prices in the dffiéindustries. In general, we have rather
good data on the development of output of thosastiaes, although their quality differs
from branch to branch and from period to periodg@meral, the quality of data improves
over time). Also, price information is of a relaly high quality, making it possible to
convert output series into series of gross valukeddData on the structure of inputs and
on the share of value added in gross output gdyexad only available for one or two
years, and estimates are often based on very saalples. However this applies to
almost all studies of historical national accoubts;ause input and output tables have not
been constructed in the past.

%8 We thank Christiaan van Bochove, Oscar GelderbReter Koudijs, Matthias van Rossum, Christiaan
van der Spek, Milja van Tielhof and dr. F Snappertfieir help in collecting the data.



The economy has been broken down into three sefgareary, secondary and
tertiary). The primary sector includes agricultuaad fishing (herring fishing and
whaling); the main branch we miss here is freshewdisheries which were quite
important in the 18 century, but declined afterwards (see De Vries\dad der Woude
1997: 237-239). The secondary sector consistsdflge (wool and linen), clothing,
construction, peat digging, food (bakeries, brewigig —jenever— distilling, and other
foodstuffs), paper, shipbuilding, printing, soapguction and sugar refining; the largest
branch for which we have no good information isahetorking, but we assume that this
(in Holland) relatively small sector was dominatey the demand from the military
sector (for guns, canons) and from shipbuildingl e have estimated the value added
of these sectors in such a way that this part ishef metal trades is included there.
Finally, the tertiary sector was covered by intd#oral shipping, international trade,
domestic trade, inland transport (via inland wasersy, banking, education, government
services (military sector and the rest), housirgnestic services, and ‘the rest’, which
was approximated by the development of notarieskamk traders. The services sector
was continuously the largest of the three sectomeover, it was also the sector which
was most difficult to measure; therefore, we stath the way in which we approached
this sector, and will then move on to industry; fivenary sector (the smallest of the
three) will be dealt with last.

2. Services
2.1 Services: international shipping
The biggest challenge was the estimation of thesldgment of international services,
which was probably the most dynamic part of thelddw economy, but at the same time
a sector with a very high degree of volatility, alinimakes it less easy to make reliable
estimates. In a related paper, by Van Tielhof aad Yanden (2008), the details of the
construction of the series of value added of theébh have been explained. The study
by Horlings (1995) on the Dutch services sectdhaperiod 1800-1850 has been used as
a model, making it possible to link the estimatesf this study to the idcentury
estimates. The following estimates have been made:

1. The volume of international shipping (in millionntam) between Dutch ports and

other ports;

2. The load factor (per route and on average): whigresof the shipping capacity
(on different routes) was actually used to transgoods;

3. The volume of transported goods (in million tonkihg product of 1. and 2.;

4. The freight rate (per route): how much was beingd fa transporting these
goods;

5. The total freight sum, the product of 3. and 4;

6. The value added of the shipping industry, the tesfidubtracting estimates of the
value of inputs from the total freight sum;



7. The real value added is acquired by deflating & an index of freight rates
(resulting from 4.).

It is clear that much information is needed. Foatety, the Dutch shipping industry
has been the subject of a lot of in depth resedkehare particularly well informed about
two large segments: the route to the Baltic via 8wnd (thanks to the invaluable
registers of the Sound toll and the many studisgdan this source), and the trade with
Asia, carried out by the Dutch East Indies Comp@r@C), of which the accounts have
been preserved and have been studied quite infenaédo the development of shipping
with (West) Africa and the Americas could be anatyseparately, thanks to a number of
sources pertaining to this route. The other routesvever — the trade with
Russia/Archangel, Norway, England, France, Port8gain and the rest of the
Mediterranean (which will be grouped under the hegadthe rest’) — could not be
reconstructed independently. For the period afé&21their importance could be derived
from the total number of ships entering Amsterdaaoti&hd, which forms the basis for
the annual estimates for ‘the rest’. Moreover,darumber of benchmark years there are
detailed estimates of the size and compositiorhefrherchant fleet and the routes on
which they are active, which can be used to andibestimates; in particular the
estimates for 1636 and 1780 are extremely valudhl¢, additional benchmarks are
available for about 1500, 1532, 1567, 1607 and f8@®cause we have these relatively
reliable benchmark estimates, most of the workoisdnstruct annual series for the
intrapolation of these benchmarks. This also ingptieat the estimates of the long term
trends are relatively robust; the margins of ean@ particularly large in the estimates of
the yearly changes in between those benchmarkst. $kirpping through the Sound was
estimated for 1503, 1528, and 1537-1780, usinginf@mation from the Sound toll
registers (Bang and Korst 1906/53). Starting pevas the number of voyages to the
west, and estimates of the average size of thes stdquired from 1/ the data on ships
sizes for the period 1537-1644 and 2/ estimatethefsize of the transported goods
divided by the number of ships for the period 180@0; the comparison of these
estimates shows that the estimates number of ¢tdsthips between 1600 and 1644 is
almost the same as the estimates tonnage of actwalsported goods, suggesting a
loading factor of 50% (as one last is two toffs).

Shipping volume by the VOC could easily be estidate the basis of the data on
the number and size of ships leaving for Asia ading from Asia®* shipping within
Asia was not included in the estimates, and it assimed that all ships went to/came
from Batavia (distance 21107 km).

Shipping volume of the WIC/to the Americas is estied in the following way:
for 1780 we used the benchmark estimates by Va®ddermeulen, who gives detailed
estimates of shipping volumes on all major tradges at about 1780; this series was
linked to the yield of the paalgeld paid explicidy WIC/American ships from Heeres

%9 A recent survey of these estimates for th® 47d 18 century in Van Lottum 2007, and Van Lottum and
Lucassen 2007; for the #@&entury benchmarks Van Zanden 1987; the two mgsbitant benchmarks are
those of 1636, which were part of a detailed ingbly the Estates of Holland, and of 1780, the tesuthe
work by the merchants and political economist Van@udermeulen; both estimates are considered to be
highly reliable.

0'Moreover, it was assumed that ships came from/teeBdansk, to which the distance is 1552 km.

®1 Bruijn, Gaastra and Schoffer (1979/87) and Bra®0.



(1983), a series that goes back to 1712 (Heere?; 1983). Between 1636 and 1712 the
series was based on an index of the activitiech@i¥IC in these years, derived from Den
Heyer (1997). It is based on data on the tradéwes and the export of gold from West
Africa. For 1636 this could be linked again to Hemchmark estimate of total shipping
activity by the States of Holland; between 1592 dwkhis trade began) and 1636 this
estimate is based on the development of sugar isifrom Brazil from Gelderblom
(2004).

The remaining shipping activity is reconstructedfafows: from a number of
sources (a.o. paalgeld and lastgeld) Welling (1988 estimated the number of ships
entering the Amsterdam port between 1742 and 185@yies that can be extended back
in time (until 1643) using the same data for 166271 published by Oldewelt (1953),
and in addition the yield of the lastgeld for theripd 1643-1662 from the same source
(Welling 1998, Oldewelt 1953). We estimated thersltd other port cities via their share
in the ‘convooien en licenten’ of these years td geseries of ship entries into the
Netherlands (Amsterdam’s share fluctuated aroung)73rom this series of total
number of entries into the Netherlands between B#B1810 we substracted the entries
from the Sound, from Asia and from Africa and Ancarestimated previously, to get a
series of entries from ‘the rest’. The average douiciion’ in terms of tonkm of these
entries can be estimated from the benchmark datb6fg86 and 1780, which appears to be
almost exactly the same (457.000 tonkm in 1636 462.000 tonkm in 1780). We
therefore have assumed that this ‘production’ péryeremained constant. For the period
before 1643 we have assumed that the growth df¢kg was related to the expansion of
the shipping through the Sound, and to the dedgreearbijlandvaert that can be found
in the data on that source. The idea is that theesbfvoorbijlandvaerf which increased
from 1-2% of total shipping in 1557/58, when thestfidata are available, to sometimes as
high as 35% of total shipping in the 1620s and $636flects the multipolarity of the
trading system, in particular the growth of othauites besides the ‘mother trade’ through
the Sound. The expansion of thaorbijlandvaertfrom the mid 1550s onwards is related
to the growth of shipping to Spain and Portugalerehthe demand for grains from the
Sound increases strongly, leading to a rapid expars Dutch shipping. The formula
for estimating the shipping volume of the ‘rest’ deosen in such a way that when
voorbijlandvaertis zero (as it was in 1557/58), the volume of phig of ‘the rest’ is
identical to that via the Sourfid.For 1636 we know from the benchmark estimates
mentioned already that the ratio between Soundthadest’ is 1.7 (which is also exactly
the ratio we get in 1643 when going back in tima the total number of entries, as
explained above); before 1557 it was assumed tieashiipping volume of ‘the rest’ was
equal to that via the Sound.

Three intermediary factors have to be estimatextrive at estimates of the value added
of the shipping industry:
1. The load factor: the share of the shipping capased to transport goods;
Horlings estimated these for the 1800-1850 pemnd, arrived at averages of
about 30 to 40%, the result of the unbalanced cterraf most trade, and

%2 The assumption, therefore, is that in the 15584 shipping to ‘the rest’ was in terms of voluthe
same as the total shipping through the Sound, whichnsistent with Lesger’s analysis of the stitebf
Holland’s trade in 1545, see Lesger 2001: 33-39.



practical limitations of using the shipping capgcgimilar (low) shares were
estimated for the Sound route, where we know tlaeesbf ships that left for the
Baltic in ballast (on average about one third), esedactually from 1600 onwards
have estimates of the goods transported by the gjuiing westward; also for the
VOC trade a low load factor could be estimatedt msagain known that most
ships left for Asia almost empty, which was to sa@r&ent also true for the trade
with Africa and Latin America; for the shipping time other routes, it was
estimated that the share of ballast was half thtteoBaltic (as this trade was
generally more balanced); overall, our estimatealtén a small decline in the
overall load factor from 40-45% in the"l6entury to 35-40% in the f'&entury,
which is mainly the result of the growing importaraf long-distance trade with a
below-average load fact6¥;

2. The estimates of the long term development of fteigtes are presented in a
separate paper, which documents the large datasehich these are based (Van
Tielhof and Van Zanden 2008); on the basis of tlieda the development of
average freight rates on shipping via the Soundtherest’ (we estimated the
average freight rate per tonkm on routes to Arcegrigprdeaux and Livorno), on
Africa/Latin America’*

3. Finally, the share of value added in total freigiitn had to be estimated; we used
the estimates of the structure of the shippingscdstcussed previously to
estimate this share at 70% for shipping via thenf8@and ‘the rest’, and 60% for
long distance routes (Asia and Africa/Latin Amejjaes the later used more
inputs from outside, mainly as a result of the bigbapital intensity of shipping
on these routes, a.o. the use of more cannonsthadroeans of defense as a
result of the greater risks at sea, and the mugdelaize of the ships (Horlings
estimated this share at 66%).

8 Horlings 1995: 393; his estimate for 1807, a y&faisis, is 34%, rising to 45% in 1830.

%4On the basis of actual freight costs of the Middeische Commercie Compagnie from Reinders Folmer-
van Prooijen 2000: 182-211, and estimated theahctsts of shipping by the VOC, from Bruijn 199ta

De Jong 2005.



Figure 1 Volume of shipping 1500-1793 (in 1000 tonk  m)
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The estimates of the volume of shipping (in tonkarg presented in Figure 1, which
clearly demonstrates the enormous growth of thppéhg industry in the Netherlands.
The total volume increased by a factor of 17 betwide first estimate of 1503 and the
absolute peak in 1790. The average annual grovghbetween those dates was slightly
less than 1% (0.9958%), which is quite high forrsadong period. As can be seen from
Figure 1, growth was initially rather slow at lekan 0.5% per annum between 1503 and
1550; only during the 1550s and 1560s did the ragmhnsion began, which is consistent
with other studies (De Vries and Van der Woude 13¥B). The conflicts of the late
1560s and early 1570s were disastrous for shippng,after 1576 a rapid recovery
followed. From the 1590s onwards long distancemhgpbegan to contribute to growth,
and a period of extreme fluctuations of shippingofeed, with a remarkable boom
during the Truce with Spain (1609-1621), during ethshipping more than doubled. This
was followed by a serious downturn in the late 6@0d early 1630s, after which a very
strong increase in activity occurred, peaking ia flears before and directly after the
Peace of Westphalia (the highest level is reachelb49). In the next century wars still
have quite an impact on the industry — with seridedines during the Anglo-Dutch wars
— but the level remained more or less constanttat43billion tonkm. Whereas during the
previous century growth rates of total output hadrbin the order of 2.6% (1550-1600)
and 2% (1600-1650), between 1650 and 1750 growds naere barely positive in the
long run. Shipping through the Sound declined esthyears, as did the trade with the
Mediterranean, but this decline was to some extemtpensated by the further growth of
long-distance routes — on Asia and the Americaghénsecond half of the eighteenth
century growth resumed (to a rate of 1.2% per anbatween 1750 and 1790), although
it was much less spectacular than during the 1550 Jperiod. The Atlantic economy



became the most important source of renewed growttis. renewed growth after 1750 is
perhaps the most surprising result of these estgnats the eighteenth century — and in
particular its second half — is usually seen agrod of decline (De Vries and Van der
Woude 1997: 674-683). Again the impact of the Aouhglo-Dutch war is very clear
from the estimates (shipping in 1781 and 17824gs tban half the level before the War),
but the recovery after 1783 is surprisingly strong.

A check on these estimates is possible by congethem into the size of the fleet
that is needed to producing this shipping volumbkictv can then be compared with a
number or estimates of the size of the Dutch/Hdllleet from contemporary sources
(Van Zanden 1987 and Van Lottum 2007). This seatethe same time can be used as
estimate of the capital input. This can be doraénfollowing way:

The size of the VOC fleet can be estimated on #ssiof the same sources
mentioned before (the VOC accounts);

The size of the fleet via the Sound: the Soundtadlles give, from 1565 (once
every ten year) the average number of passagés shime ships via the Sound, a
figure that is about 3 in 1565, increases to 4.86h5, and then declines with ups
and downs to about 2 in 1710/20, after which ibxees to about 3 between 1730
and 1780; this can be used to estimate the flestagbto carry out the traffic
through the Sound (as we already estimated thegeesize of the ships);

The size of the WIC/Americas fleet is estimatedtenbasis of the benchmark
estimates for 1636 and 1780, when the ratio betwhgping volume and fleet is
known; it appears that the ratio between produciuth size of the fleet is roughly
constant between those years (which also appligetyOC ships, where we see
a similar constancy in this ratio); we estimateel $ize of this part of the fleet by
assuming a constant ratio between fleet and pramueblume, based on the
1636 and 1780 benchmark years;

The size of the rest of the fleet: as already noewetil the benchmark years of
1636 and 1780 show that the production per shimdidncrease, and was about
83% of the level of the Sound traffic; this ratiaswsed to estimate the size of
the rest of the fleet;

Adding up the four series leads to the followingreates of the development of
the fleet size, which can be compared with datenfomntemporary sources (see Figure
2). Both series correspond well, which may perhiapgease confidence in these results.
The size of the fleet increased from 43.000 tons503 (contemporary estimate: 38.000
tons) to about 400.000 tons in the latd" t&ntury, an increase of 0.9% annually during
these three centuries, only slightly lower thanghewth of the volume of shipping in the
same period. The very large fluctuations in shigdieet are also evident from Graph 6;
in practice, changes in capacity utilization willopably further have dampened these
fluctuations.



Figure 2

Estimates of the size of the merchant fleet, 1503- 1783 (five year moving averages, in tons)
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2.2 Services: international trade

The estimates for the shipping sector are rathleusto and confirmed/checked by more
or less independent estimates from contemporarycesu The very large sector of
international trade is even more difficult to estbe although there are again relatively
reliable starting points, in particular the estiegaby Van der Meulen (for 1780) and the
Estates of Holland (for 1634) of the size and valtienternational trade in these years.
Moreover, as with the shipping industry, we haviaitied sources of trade with the Baltic
and of the activities of the VOC, which make it pibte to estimate the development of
trade on these routes in detail. It can also benasd that the income earned from
shipping services is a large part of the total @added of this sector; for the trade with
Danzig, for example, it can be demonstrated thafrgight costs of a last of rye is about
one third of the total margin of international waletween Danzig and Amsterdam
(measured by the difference in price between the ¢ities), although this ratio does
change a bit over time (it is somewhat lower duting first decades of the i Zentury,
but returns to the one-third level in thé™@ntury) (Van Tielhof and Van Zanden 2008).
The estimates of the value added of the shippingosean therefore also be used to
check the plausibility of the estimates of the éradctor.

We used the same classification of routes as appliestimating the shipping industry.

1. VOC: the accounts (published by De Korte 1984) @idedetails of the sales in
the Netherlands, and the commodities bought irNigtherlands to buy those
goods in the Indies (and elsewhere); the grose tnaakgin is the difference
between the two; for the period before 1640 thsthebe estimated on the basis



of the number of ships sailing to the Indies and/eag from the Indies; the
results of the first trips (also of the Voorcompizgm) are known from a variety
of sources (an overview in De Jong 2005).

The Baltic: the volume of goods transported throtighSound (in both
directions) can be estimated/derived from the shield Sound-tables (Baegal
1906-1953); we also know which share consistedaihg — dominated by rye;
we also known the prices of rye in Danzig and inséendam/Holland (from
Furtak 1935; Pelc 1937; and the Van Zanden datdsétlland prices in the
1450-1800 period}; we have assumed that margins on other trades30ei@
50% smaller than on rye, which was without doubtrtiain product traded;
margins on exports to Danzig were relatively lowdaese of the oversupply of
cheap transport capacity (a large part of the shigrg out in ballast to the Baltic,
because they could not find a suitable export pcduhich must have depressed
margins on export trade to the east) (Van Tielmof ¥an Zanden, 2008).The
Atlantic trade consisted of a number of tradesyloich the slave trade is very
well documented (Postma 1990 in combination withwiebsite of David Eltis
(http://www.slavevoyages.oygives the numbers of slaves traded; added taghis
the recent information on the illegal trade in slafrom Paesie (2008, p. 361-
369); slave prices are from the same sources (Hisd [Eewis and Richardson,
2005, and Den Heijer, 1997, p. 159); linked to th&s the trade in sugar, the
main export commaodity of the Brazil colony conqukbs the WIC in the 1630s
(and lost in 1654), and of Surinam, the main Dwiclony in the Americas during
the 18" century; Surinam also produced large quantitiestfee and some
cotton; different sources make it possible to estinthe size and value of these
trade volumes (Den Heijer 1997 for the WIC, and \&ipriaan 1994 for the
exports of Surinam); about the third leg of theedi — to Africa — we are less well
informed, but a few sources (Den Heijer 1997) makessible to estimate the
ratio between African trade to the trade in slavasen together the annual
estimates are consistent with the 1634 and 1786hpeark estimates, and
probably are an accurate reflection of the growtthis part of the trading
network between 1640 and 1780 (and after 1780)vtakest part is the period
before 1640, for which the data are rather scamiy\{e also do know that this
trade did only emerge in the 1590s, which createsnaly benchmark of zero
trade for the early 1590s).

3. the most difficult to estimate trade is ‘the re#ite trade with other European
cities and countries, of which we have no detaidormation; we basically
applied the same method as used for estimatingésie(the same category) of
the shipping sector, but it is clear that this i&ey rough approximation of the
goods being traded and their value added for thportant part of the
international trade sector.

For these four groups of routes we could therefstmate the total value of trade
(measured in terms of the export and import prasethe Dutch/Amsterdam market) and,
more importantly, the trade margin. In addition, @gtimated the international trade with
the hinterland (mainly Germany) using the followisgurces: the master thesis by
Verheul (1994) presents data on the size of thdetflow in the 1780s, and a series of

% The Holland price data from http://www.iisg.nl/hfibrenv.php



yields of toll of Schenkenschans, a strategicdollering the trade going up and down the
Rhine river (just before it split into different drches). The tolls were levied on the
amounts of goods transported and therefore refitectrade flow rather accurately. The
series goes back to the 1540s; additional infolmnatn the size of trade flows during the
middle decades of the &entury is acquired from Weststrate (2008); far #510-1540
period we assumed that Rhine trade increased badawerseas trade. The trade margin
on this branch was estimated at 15%.

The final problem to solve here was to determineclvBhare of trade and shipping of the
Netherlands has to be allocated to Holland? FOMBE this is determined by the shares
of the Holland Chambers in its organization, whizds 80%; for the WIC this was 78%.
We estimated that 95% of Sound trade was carrietyptiolland merchants, which may
be too optimistic for the #Bcentury; finally we assumed that 75% of the traité the
rest of Europe, and 80% of trade with the Germarehiand, was on account of Holland
merchants. The resulting series were linked tobemchmark in 1510.

2.3 Services: domestic trade
We follow Horlings (1995, 381) taking the valueagfricultural and industrial production
as indicative of domestic trade since total netogtgphad only a small effect. The value
of industry and agriculture is taken from secti@xand 4 below. For 1510 Van Zanden
(2002) estimates the share of domestic trade amdport at 519,000 guilders. However,
as transport alone is already valued at 380,00@eysi this leaves 139,000 guilders for
trade. Horlings (1995, 381), on the other handmedes the value added of domestic
trade for the Netherlands in 1804 at 39.4 min guwdd which, corrected for the
population size, results in 14 min guilders in tdall. This figure is plausible since it is
roughly at the same order of magnitude as domgsatisport.

Next, we use the series of current price valueeddd industry and agriculture to
interpolate our benchmarks for 1510 and 1804. Takghted price series of industry and
agriculture are used to deflate these series.

2.4 Services: banking

During the second half of the i Zentury, and even more so during thd t&ntury,
(international) banking activities became increglsinmportant as a source of income.
To a large extent, the service of taking care efttansfer of money from one place to
another (via for example bills of exchange), isluded in the sector of international
trade, because the remuneration for this partetttmmercial deal was also included in
the margin earned by the merchant. This howevearég change during the second half
of the 17" century, when — related to the success of the Amiatm Exchange Bank —
Holland merchants increasingly became involved wwjlacialized banking transactions,
which were not necessarily related anymore to th@etin commodities they undertook.
Amsterdam became the clearinghouse of commerceliasge in Western Europe, the
Amsterdam Exchange Bank being its central hub. Amdsin merchants increasingly
concentrated on these banking functions, which rnecan important source of income.
A related activity that became quite important dgrihe 18 century was the emission of
bonds for foreign governments. The Dutch econong/dngarge savings surplus, which
was channelled abroad, first mainly to Great Bmitdater on to almost all European



monarchies. The banking firms organizing this tradened a share of between 5 and 8%
of the capital sum involved (Riley 1980).

To estimate the income earned in this way, welyirstsed data from the
Amsterdam Exchange Bank as an indicator of thevie8 in international banking
(taken from Van Dillen 1964); it concerns the sifenlays at the end of the year, which
is the best measure of the activities carried oatthke bank. The second source of
information is a dataset of all the IPO’s undertakg Amsterdam bankers in this period,
which show an enormous increase during the secalidhthe 18th century (this dataset
was kindly made available to us by Joost Jonker Reigr Koudijs, who have put the
dataset together; their main source in Riley (1980j they added a lot of ‘new’ IPO’s
based on detailed archival research). It is estéth#ttat 5% of the sum of the IPO was
earned by the bank and its network of distribu{tiiss may be an underestimate, as the
available data on this collected by Peter Koudiggest that the range may be between 5
and 8%).

Before the middle of the ¥8century, the banking sector is rather small, with
earnings not exceeding half a million guildersstbhanges after 1760, when earnings
often increase to 2 to 4 million guilders; the pgalue is 1783 with more than 12 million
guilders, almost as high as the international tissetgor in these years.

Figure 3 Value added of the banking sector: from emsions and in total, 1610-1813
Figure ... vale added of banking: from emissions an  d total, 1610-1813

100000000

10000000 -

1000000 T
X ﬂ
100000 % x«ti ’EX )
R e
x %

o000 +— 74+ 7 >-—7—>7—"7v—"7—"m—H7—"7"r-T—T7"TT T T 7T T 7T "7 T T T T T T T T T T
1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 1810

2.5 Services: Education

Primary education:

The number of pupils was calculated using the datéteracy: the percentage of people
who could set their signature on marriage certiisain Amsterdam, provided by
Kuijpers (1997) and Hart (1976). We assumed thatsehpeople followed primary

education 15 years earlier (average age of marnvages from 22 to 28 years). From
Van Leeuwen and Oeppen (1993: 87-88), we took timmber of people living in



Amsterdam and the number of people living in Andden who are between age 5-9
(primary school going age). Using the total popatabf Holland we calculated the total
number of people aged 5-9 in Holland under therapsion that the population structure
of Holland and Amsterdam are the same. We multpliee percentage that could sign
the certificates (in year t+15) with the age clagsfor Holland (in year t) and divide that
by 5 (as we only want 1 year, not 5). Now we asstimepeople who can sign followed
at least 2 years of primary education (this matetiés the average years of education in
1800 estimated by Albers (1997, 6)). The % peopt® \inished the first, second, or
third year of the 3-year primary school is takemmirDe Booy (1977, appendix 24). This
allows us to calculate the total number of pup#geof education followed each year.
The salary of schoolmasters is that which the Lemgleesthouse paid to the
schoolmaste?® Gaps in the data were interpolated using the ynman wage from De
Vries and Van der. Woude (1997). From De Booy (1@ppendix 23), we took the ratio
of pupils to teachers. Hence, we arrived at thal twage expenditure of teachers per
pupil.
Multiplying this with the wage per pupil, gives ttetal VA in primary education

Secondary education:

The development of wages of teachers are taken jmagmary education, but, following
the quotisatie of 174Zan income tax for this year), their level wasireated at three
times the level of teachers in primary schddi$he total number of pupils was taken for
Latin schools from Frijhof (1985). We assume 7 yeducation per pupil. Therefore we
take 2 years from the age group 5-9 and 5 fromatiee group 10-14. From benchmark
year from Frijhof (1985) we can calculate benchmaekcentage of relevant age group
following Latin education and extend these peraggdausing interpolation.

To this, we have to add children in French schedih started in the mid-17
century and overtook Latin schools in thé"i&ntury. The ratio with Latin schools is
available from Frijhof for the early nineteenth tey and is assumed to go linearly to O
in 1620.

The sum of pupils in Latin and French schools guad to be equal to the total
number of secondary school pupils in Holland. Maljiing the wage per pupil with the
total number of pupils results in total VA in sedany education.

Higher education

The number of professors and their wages at Ldittenersity (the only university in
Holland) is given in Sluijter (2004, appendix 2erndwith we have to add the Atheneum
of Amsterdam. Amsterdam increased from 2 to arduptbfessors between 1575 and
1810. In addition we know that in 1810 the numtestodents in Amsterdam was 80%
of that of Leiden. The number of pupils from Leidsriaken from Frijhoff (1981) and
from Amsterdam from Van der Byt al.(1932, 3). Using this information we can
interpolate the share of students in Amsterdamugeleiden between 1810 and 1575.
Multiplying this ratio with the total wage sum ireiden results in the total VA in Higher
education in Holland.

% NEHA: Posthumus archief no. 407, box I.
57 Sources of Quotisatie of 1742: Oldewelt 1945, 18560 1951.



The educational sector increased rapidly betwed® End 1800, but from very small
beginnings (about 6 thousand guilders in 1510/&%t807 it contributes 490 thousand
guilders to GDP. This corresponds with an increaseerage years of education (see

Figure 4
Average years of education in Holland
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Figure 4) from about 1 in the middle decades oflffecentury to about 2 in 1800.

2.6 Services: Army and Navy (including productiofiiaputs for this branch)
This is a very rapidly growing sector, becausedswlose to zero during the™6entury
(only during the middle decades of that centurydghgas a certain expenditure on the
establishment of a standing navy), but grew enostyoduring the Revolt of 1572-1648,
and remained quite high during the rest of thegakmvith sharp ups and downs. The data
are available thanks to the important work donébtschy and Liesker (2004, 390, 392,
394, 406) on public expenditure of Holland in tperiod. Next, the number of soldiers
was calculated using Zwitzer (1991, 190-191) andesavere taken from Van Zanden
(2002b, 624). On this basis, we assume that 90%hefexpenditure calculated by
Fritschy and Liesker and is value added: wagessafaties of soldiers and sailors, and
the domestic value added of industries supplyingany equipment, including ships.
Another source of finance of government expendjtapecifically for the navy,
were the convooyen and licenten, from which theeexiture of the Admiralties on the
navy was financed. We do not know the actual experaof these institutions, but do
know their income (from these convooyen and licentehich is given by Becht (1908)
and, from 1707 onwards, by Johan de Vries (1968,86192). For the expenditure on
the navy prior to 1589 we used the data from SgKik998, p. 184). For 1799-1807 the
data could be obtained from Van Zanden and Van R4, p. 45 and 49). We assume
that 60% was contributed by Holland. The period5tT999 was interpolated.

The deflator is based for 50% on the military wdg&a from Van Zanden (2002b) and
the unskilled wage index from De Vries and Van\d&ude (1997). The other 50%
consist of 35 percentage points iron and copper2aft CPI.



2.7 Services: Housing

The starting point is the house rents index frorohBoltz and Theebe (1998). The
missing years were extrapolated using the CPI frdfan Zanden (2005: see
www.iisg.nl/hpw). This house rent index was for Amsterdam onlyg #merefore not
necessarily representative for Holland as a wHebetunately, we have the rent per house
for 1632, 1732 and 1832 from the tax registerhieé¢ years (see Van Zanden 1987). We
interpolated and extrapolated these points usirg Amsterdam rent index to get a
modified rent index.

This rent index was multiplied with the number afuseholds in Holland (based
on its population of Holland and an average housksiae). Multiplying the number of
houses with the average rent index results in dexrof the VA in current prices of
housing. This is linked to the 1510 estimate ofdmog. The resulting series is deflated
using the house rent index.

2.8 Services: Government

Fritschy and Liesker (2004, p. 446) gives the wagma of provincial civil servants in
Holland for several benchmark years. These arepok&ted using the categories of
expenditure that cover these wages or are otherwilsed to it fiuislasten, collectlonen
andinningskostentaken from Fritschy and Liesker (2004, p. 160 48d)). This results
in a series of provincial government VA between3-3795.

These data, however, only cover the provincialegad herefore, we still have to
add the wage sum of local government. Before 16¢allgovernment must have been
small while it increased strongly during the Revblbr the period after 1620, when local
government must have been relatively extensivésdfry and Liesker (2004, p. 383-384)
estimates the tota@mbtgeld(a tax on civil servant wages), which was equdddlh all the
total value of all government salaries. These edsare, however, only comparable for
the years 1717 and 1725. Using these years as ankh and assuming that the ratio
between total salaries and salaries paid out bgénéral government remained constant
during this period, we can estimate total goverrnnegpenditure on wages between 1620
and 1795.

Unlike the period 1620-1795 where we directly restie the total wage sum, we
have to build up the wage sum prior to 1620 froatvildual wage data. To proxy civil
servant wages, we used a wage index that con$is8% schoolmaster wages and 50%
skilled labour. Of course, population (and thereftiie number of civil servants) also
increased during this period. Hence, we multiplieid wage index with population size
in order to create an index of civil servant wagensThis index was linked to a base
estimate of total civil servant wages in 1510/14. the 1510/14 figures also included
religious and educational professions, we subtdafttam the 1510/14 estimate the value
added of education and clergy, the latter assuroelet 0.5% of the population and
having a yearly wage equal to that of 50% schodienaand 50% skilled labourer.
Linking the index with the modified 1510 benchmamsults in a series of total
government value added for 1510-1575.

Between 1575 and 1620, when local government &sem@ relative to provincial
government, we have the earlier estimate of praairgovernment expenditure. Also, we
have the ratio between local and provincial govesmimVA in 1575 and 1620. So,
assuming a gradual increase in local civil servams linearly interpolated the ratio



between local and provincial VA between 1575 and01l& his resulted in an estimated
of total value added for government for this period

Finally, for 1799, the government expenditure ketafrom Van Zanden and Van
Riel (2004, p. 45 and 49) where we assumed 90%weérgment expenditure (exclusive
military) is value added while the share of Hollasdhis value added is 60%. The years
1800-1807 is taken from Horlings (1995) under thssuanption that 60% of the
expenditure is for Holland. Finally, the years 17198 are interpolated.

Figure 5
Share of government (including army and navy) in GIP, 1510-1807
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Note: The share of the army and navy is taken from se@i6

2.9 Services: Domestic servants

We took the percentage urban population in Hollrach De Vries and Van der Woude
(1997, p. 58; 61). These data were interpolateckt,Nee multiplied it with the total
population of Holland in order to get the sharahe population living in towns. Under
the assumption that most of the domestic servaats Wing in cities, multiplying with
the unskilled wage index by De Vries and Van derud#&(1997) results in an index of
the nominal wage sum of domestic servants.

This index is linked to an 1807 VA benchmark ob¢airfrom Gogel (1844, p.
482-485). Gogel reported the domestic servantshén departments of Maasland and
Amstelland (roughly Northern Holland, Southern Hall and Utrecht). In order to
remove the share of Utrecht in domestic servanesywitiplied this figure with the share
of the population of Holland in the total populatiof Holland and Utrecht (ca. 90%).
The resulting number of domestic servants was plidtl with the unskilled daily wage
where we assumed the wage to be 20% higher thidue irest of the Netherlands. This, in
turn, was multiplied with 150 days worked as thewes a lot of part-time work among
domestic servants. In addition, this made the teditl good to the 1807 benchmark
calculated by Horlings (1995).

2.10 Services: Domestic transport
Domestic transport consists of the “trekschuitlgimd barges) and “other transport”.



Trekschuit:

De Vries (1981, 68) estimates the total passengecdpacity by trekschuiten in Holland-
Utrecht in 1660. In addition, De Vries (1981, 69)imates that only 50% of this capacity
was actually used. Combining this information gitke total used passenger km for
trekschuiten in 1660. Assuming that intercity sehuiten developed in line with over-all
trekschuiten, this benchmark figure was extendezk lzand forward using an index of
passenger km of the trekschuit for intercity pugsosnly (De Vries 1981, 246).

Next, we calculate the tariff per passenger peoknthe basis of De Vries (1981,
76-78). This number of passenger km, multipliechwiite tariff, results in the total value
added for Utrecht and Holland. Just as we did @onéstic servants, in order to remove
the share of Utrecht, we multiplied this figureihe share of the population of Holland
in the total population of Holland and Utrecht (68%).

Other domestic transport

We have data for two important transport routese fost important route was through
Holland, connecting Amsterdam/IJsselmeer, with gbeth; all ships had to go through
Gouda, where as tax was levied on using the silize.yield of thissluisgeldreflects a
large part of the domestic transport of Hollande(s@n Zanden 1993 for this souré®).
The second series is linked to the trade of peat florthern Netherlands to Amsterdam
— according to Horlings (1995) this was the mogpantant transport route in the early
19" century. We know the development of the productidnpeat in the Northern
Netherlands (from Gerding 1995) and have assumat ¢kports were a constant
percentage of output; consequently, we could usethput of ‘northern’ peat index also
as an index of transport activity via the IJsseim#élewas assumed that in 1807 both
trades were equally important (see Horlings 1998)e resulting index of “other
transport” was reflated using a price index of 78étled wage and 25% peat prices.

The resulting nominal index has to be linked t@ltalomestic transport in 1807.
Horlings (1995, 85-87) estimates domestic transptdri30.8+12.9=43.7 min (inland
navigation and “other transport”). We assume thalldtd’s share in inland transport
was equal to its share in Dutch population. Nex, subtract the value added of the
trekschuiten the remainder (15.6 min) is used as a benchmstiknate of the value
added of other domestic transport (without trekgem.

Next we add trekschuiten and “other domestic” tpantstogether to obtain all inland
transport. The price index is a weighted averagé®price indices of both series.

2.11 Services: Other services (notaries and boaklérs)
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% Data for the sluisgeld for the period 1570-1800@enedllected by Christiaan van der Spek.
% Data on the number of entries into the professicthe notaries in Holland between 1520 and 180@we
kindly made available by dr. F. Snapper.
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3. Industry

3.1 Industry: Wool

The total wool production in Leiden is given by Baosnus (1908-39) and Jansen (1999,
328). Weighted average prices of all sorts of woesl®r benchmark years were obtained
from Posthumus (1908-39, Vol. 3, 941). These prigese interpolated using the price
index for textiles from Van Zanden (2005). Theseesewere extended after 1800 by the
series of Van Riel (see http://www.iisg.nl/hpw/pan19earthur.xIs). Multiplying prices
with volumes results in the total value of outp@itvmollens in Leyden. Following Van
Zanden (2002, p. 145), who took the data from Rwstis (1908, 276), we put the value
added-output ratio at 0.7. This gives the totabgahdded for woolens in Leyden. The
share of Leiden in Total output of Holland was oédted in Posthumus (1908, vol. 1, p.
368) as 51% for 1514. Jansen (1999, 280-81) estsrizie share of Leiden in 1807 at
61%. The intermediate years were interpolated dmel WA of Leiden modified
accordingly.

3.2 Linen

Holland also had an important linen industry, whieas concentrated around Haarlem.
Kaptein (1998) shows that the yield of the tax ba treep and ellemaat’ reflects the
development of this industry in Haarlem. Fortungtehis series is available for the
whole period (Kaptein 1998, 256-7); the latter seualso gives information about the
changes in the tax rate happening after the 1570¢3.could be used to estimate gross
output and value added (estimated at an unchang¥g of gross output). It was
assumed that Haarlem’s linen industry accounted®86 of total production of linen in
Holland (see Jansen, 1999).



Figure 6
Pieces of wool and linen produced at Leiden and Hdam, 1471-1800

Pieces of wool and linen produced in Leiden and Haa rlem, 1471-1800
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3.3 Clothing

Van Zanden (2002, 163) estimates value added g0a3&uilders in 1510 for clothing.
For 1807, we have an estimate of 15.45 million dase Janssen (1999) under the
assumption that 50% took place in Holland. Thedtwieen years were interpolated using
the urban population growth (see domestic servangflated with an index of 50%
wages of journeymen and 50% school masters.

3.4 Paper

The number of paper mills since the™éentury is given in Voorn (1960; 1973). For
calculating total productivity, the number of “keiy’ per mill must be calculated.
Fortunately, for almost all mills in Northern Halld, the personal archive of Voorn
(Coda Apeldoorn, Collectie Voorn) contains estimgter mill of the number of “kuipen
wit en grauwpapier”. Following Jansen (1999, 192)agsume a production of 25000 kg
per kuip in Northern Holland, meaning 2000 riempajtier or 1200 riem grauwpapier.

For Southern Holland the no. of “kuipen wit en gugapier” is not recorded. We
assume that the no. of kuipen per mill is equah&average of Northern Holland for the
respective year. In addition, we assume, followdagsen (1999, 399) that the no. of
produced riemen paper per mill in Southern Hollamdl800 is equal to 31000. That
figure thus declines together with the averageohé&uipen per mill.

Thus having derived at the total no. of paper poed in Northern and Southern
Holland, we use the price index of paper from Vamden (2005) and benchmark that
with the price of “grauwpapier and “witpapier” fdiorthern Holland (Jansen 1999, 394-
395) and to an average price of paper of fl 3.4&kuthern Holland. For the period after



1800 the prices were extended using the pricefdataJansen (1999, 399). Thus having
arrived at the total value of output, we arriveéret value added by assuming, following
Jansen (1999), that the Value Added is 65% of gnagsut.

3.5 Beer

Benchmark estimates of beer consumption and prmadu¢and of exports) are taken

from Yntema (1992); additional time series for thee producer cities are derived from
the work by Unger (2001). In addition, the post @@ecline of beer production can also
be read from the decline in the excise on beelaaifrom Fritschy and Liesker (2004).

Beer production was multiplied with the price ofebeThe index of the beer price is
taken from Van Zanden (2005) and is benchmarket thi¢ price of beer taken from

Yntema (1992). After 1800, the resulting series etended using beer prices from Van
Riel (http://lwww.iisg.nl/hpw/prijzenl19earthur.xIs).

Multiplying the price and volume results in théaiovalue of output. To obtain the
value added, we follow Jansen (1999, 357) in assgithat 20% of output is equal to the
Value Added. Because of different sorts of beethm sixteenth century, Van Zanden
(2002) takes a ratio of 28% in 1510. The intermiedyeears are interpolated to obtain the
complete series of value added.

Figure 7
Beer production (1000 ton)
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3.6 Jenever
Dobbelaar (1930) gives information of the numbergof distilleries and the average
output per distillery, as well as estimates ofitiput of grains. The price data for gin and
brandy were taken from Posthumus (1964) from thly Btost Children’s Hospital. The
remaining years are extrapolated using barley priegom 1800 the price data were
taken from Van Riel (http://www.iisg.nl/hpw/prijz&Bearthur.xIs). Multiplying the price
and volume of gin results in the total value ofpuit

From the total value of output we have to subtthettotal costs. A big part of
these costs is the grain used for brewing. Follgwlansen (1999, 175) we assume that
gin consists of 30% barley and 70% rye. The pricéarley is taken from Posthumus



(1946) (Frisian Winter barley and Groningen Wirttarley) and (1964) (St. Catherijnen-
gasthuis). Rye prices are taken from Van Zande®5RO0Both series after 1800 are
extended by Van Riel (http://www.iisg.nl/hpw/prifZEQearthur.xIs). Subtracting the
costs of grain results in the gross value addetfowimg Jansen (1999) we multiply this
with 0.125 in order to get the net value added.

3.7 Bread

The amount of grain for the production of bread Ibesn estimated in the following way.
Van Zanden (2002) estimates grain consumption (efnt beer) in the early 16
century at 200 liter per capita (see also VandeeBrdl 975); this is kept constant until
the second half of the &entury, when potatoes become increasingly imparteading

to a decline of consumption of bread by 15% in 1#7®0-1807 period (Van Zanden
2005). This is converted in kg of bread using theversion factor from Van Zanden and
Van Riel (2004, 146). However, this amount of braadds to be divided in wheaten and
rye bread since the latter has a much lower vaddedthan the former while there was a
strong shift over time towards wheaten bread. Ftbenstudy of Fritschy and Liesker
(2004) we know the different excise tariffs for vaheand rye and we know the total
amount of excise as well as the total amount oingused for bread. Equalizing these
values results in the share of rye and wheatendbfea benchmarks years. This is
confirmed by a separate benchmark observation0 &nd by an estimate for 1808 by
Vries (1994, 202). These observations show a lengrdecline in the share of rye bread
in total consumption from 90% to 30% (wheat incesafsom 10% to 70%).

The total output can now be calculated, as wethascosts of grain. The price of
rye bread is taken from Van Zanden (2005) and newliffor Van Riel
(http://www.iisg.nl/hpw/prijzen19earthur.xlIs) aft&B00. The ratio of rye-to wheat bread
after 1800 is known. Before 1800 the price of whediread must be 250% higher than
that of rye bread. The price of wheat is taken fldosthumus (1946) (Zeeland wheat and
Koningsberg wheat) and (1964) (St Catharijnengastiu 449-550). The price of rye is
obtained from Van Zanden (2005) and updated a0 With Van Riel's estimates for
the 19" century.

Unfortunately, simply subtracting the costs ofigifaom the total value of bread
does not result in the value added since we alge tmasubtract the costs for oil, salt, and
excise. The excise data are obtained from FritscityLiesker (2004). Oil and salt as a
percentage of the wage sum is known for benchmeaksyfrom De Vries (2009). Any
remaining years were interpolated with the CPI (Yanden 2005).

3.8 Sugar

Most of the sugar estimates are taken from Gelderl{fP004). He estimated the costs of
sugar refineries, had the amount of Atlantic trgoléces, and the loss of sugar in the
refining process. The data from Gelderblom needdaetupdated with the imports from

Surinam which was an average of Van Stipriaan (19 Postma and Enthoven
(2003). Further, we added the Dutch East Indies fizmy (VOC) sales in Holland; the

VOC archives contain detailed statistics of salesAmsterdam, which have been
processed for this research (source; National AeshiVOC), which is exactly half the



total sales in Holland. Hence, the Amsterdam sake® multiplied with 2. Prices were
updated with Posthumus (1946).

3.9 Other food
Not much information is available for the categtwther food”. Van Zanden (2002, 163)
estimates this category at 271,000 in 1510/14 whhe National Accounts project
estimated the total food production in the Nethedtain 1807 at 41 million guilders.
Subtracting the food produced and accounted fétaland (sugar, beer, gin, and bread)
and assuming that this was 60% of the Netherlasted all products where either
overwhelmingly produced in Holland or had a highelue added in Holland) we are left
with a category of other food (i.e, meat) in thetidelands of 13.4 million. Under the
assumption that the per capita production was enuall the Netherlands, the value
added for “other food” in Holland becomes in 1809 #hillion.

Assuming that the consumption grew in line witlpplation, we interpolate these
two years using the population growth, reflatedhwén index of 50% wages of
journeymen and 50% school masters.

3.10 Building

Building industry consists of “polderlasten” (thests of maintaining polders), drainage
(the costs of reclaiming new land), creating andinma@ing waterways for
“trekschuiten”, and house building.

The “polderlasten” were calculated based on thgeediture pemorgenof land
as given in Van Tielhof (2006, 328, appendix 5).isTheries was multiplied with
estimates of the cultivated area (see agricultseator). As these series do not cover all
costs, we used the 1832 benchmark of all “poldentédgbased on the cadastral survey of
that year) and used the index to bring this sdvssk in time. Following Van Tielhof
(2006, 327, appendix 4) we assume that 80% ofatinisunt was value added. This series
can be deflated using an index with 1/3 sand, Rilked and 1/3 unskilled wage obtained
from Posthumus (1964) and De Vries and Van der Wdw897).

Reclaiming of new lands was based on Van der W¢L@&3, 50) who estimated
the cost of reclaiming land at 690 guilders pertéec around 1600. Just as for
“polderlasten”, we brought this series back anavéod using a price index of 1/3 sand,
1/3 skilled and 1/3 unskilled wages. The resultindex is multiplied with the annual
increase in the cultivated area (almost all inacze@as due to reclamations).

The building of waterways for “trekschuiten” wals@an important source of
value added. De Vries (1981, 105) estimates theageecosts of maintenance of these
waterways per km. De Vries (1981, 99) also givesarview of the increase in he total
length of these waterways over time. Multiplyingdlk two series results in the total costs
of maintenance. This is multiplied with 0.95 to remt for a small management. Finally,
just as above, the series is deflated using anximdel/3 sand, 1/3 skilled and 1/3
unskilled labor.

Another major component was house building. Fer pleriod 1651-1806 this
could be based on the excise for “grove waren”, alé sorts of building materials
obtained from Fritschy and Liesker (2004). Them&es were back and forward extended
using multiple imputation and a simple regressiath wousehold size. These resulting



series were reflated (as it was in constant priaeg)g a price index consisting of 25%
skilled wage, 25% unskilled wage, 23% bricks, 13%od; 4.5% lime, 4.5% sand, and
5% lead. These weights are based O’Brien (1985waand taken from Posthumus (1946-
64) and Van Riel (http://www.iisg.nl/hpw/prijzenl&¢hur.xls) Van Zanden (2005).

Since house building is an index, we still needéachmark it in 1807. Therefore, we
take the no. of builders in the Netherlands andrassthis is in Holland equal to the ratio
of the population of Holland versus the rest of thetherlands. We add 10% to this
figure (assuming more building in Holland) and 20%gher wages. This figure is

multiplied with 300 days worked and 50% skilled &@%6 unskilled wages. To this we

add 10% capital. This results in a total value ddfibe construction of 9.77 min. From

this figure we subtract polderlasten, droogleggm@land reclamation) and trekschuiten.
The resulting figure is brought back in time usthg reflated and extended series of
“grove waren”.

3.11 Soap
There is a wealth of information about the soaugt, in particular that of Amsterdam.
The guild of soap makers (zeepziedersgilde) of Andstm has left a large archive
available at the Amsterdam Gemeentearchief, cantaiamongst others data on the
production of soap in Amsterdam from 1595 onwawdsh(only a few small gaps in the
data). In addition, Holland collected a tax on spapduction, the proceeds of which are
known for 1590, 1608, and from 1650 onwards (Fngscand Liesker 2004).
Amsterdam’s share in total production was 75% i80152% in 1608 and 73% in 1650,
making it possible to estimate output of the Hadlamdustry using the ‘inflated’
Amsterdam figures for the intermediate years. Rergeriod between 1650 and 1750 we
have corrected for the fact that there is a grovgag between the estimated production
based on the amount of tax paid by the Amsterdaap soakers, and the actual
production known from the sources collected by glidd; the guild became the sole
buyer of the tax (which was rented out), but ugecgower to pay much less than they
were expected to do. On a much smaller scale three daappened with soap makers
outside Amsterdam, as can be inferred from thesidifices between the yield of the tax
before 1750 and after 1750; from 1750 onwards,télvewas actually collected by the
government, and not leased out anymore, whichtlead important upward correction.
Because there was a separate tax on the consungptsoap (again derived from
Fritschy and Liesker 2004), we can also estimag¢eitternal market and the share of
exports in production (see Figure 8). The estimafesoap production before 1590 are
based on a constant consumption per capita (betd/668 and the 1660s per capita
consumption also did not change much, but it dallitethe 18 century), and the
assumption that the share of exports in total dutpweased from 50% in 1510/14 (when
already large exports to the Baltic occurred) t6608d 1590. The prices of soap are
derived from Van Zanden (2005). The share of valilged in total production is derived
from Emeis (1954) and refers to the year 1699.



Figure 8
Production and consumption of the soap industry (irvats)

Figure ... production and consumpiton of the soap ind ustry (in vats)
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3.12 Books/printing industry

A dataset of the number of new books publisheche Netherlands (and in Holland),
including estimates of the development of the ayerprice of books, has been put
together in previous research (Van Zanden 2004d).the post 1780 series use is also
made of the tax on ‘printed waregjgprinte wareh collected by the Estates of Holland
(Fritschy and Liesker 2004), which is based on @adler definition of output of the
printing industry, and therefore preferred. Estiesadf the share of value added in output
are from Cuijpers (1998).



Figure 9
Number of books produced and number of book tradersn the Netherlands/Holland
1473-1800 (log-scale)
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3.13 Shipbuilding
Elsewhere we discussed how we estimated the develupof the merchant fleet (as part
of the estimates of the shipping industry). Thepautof shipbuilding consisted of two
parts:

The maintenance of the fleet, which required exparelto the tune of 10% of

the fleet itself per year;

The net increase of the fleet from y@atio yearT +1.
In principle, the output of the shipping industrgssthe sum of the two (maintenance and
net growth of the fleet); in years in which theefleleclined, however, this could lead to
negative output levels. In those cases it was asduhmat the output of the industry was
the maintenance of the fleet only (and the effdct alecrease of the fleet size was
ignored).

We did some work on estimating a price series fgpss consisting of the weighted
average of the prices of inputs (see Van Tielhaf ¥an Zanden 2009 for details). The
different series used are:

- Wages of skilled labourers taken from De Vries ¥ad der Woude (1997);

- Prices of copper and iron, taken from Posthumusg;iwére from fifteenth and

sixteenth century Utrecht and Leiden institutiond &om the Amsterdam
exchange for the seventeenth and eighteenth cesifusdditional data from De

O N.W. Posthumus, (1943-1964)ederlandsche prijsgeschiedersVols., Leiden, Vol 1.



Moor (2000} for the fifteenth and sixteenth centuries, andfide Jong (2005)
for the period 1585-162(;
- Timber prices were derived from ongoing researciChgistiaan van Bochove

into the timber market in the seventeenth and eggith centuries, the data being

linked th similar numbers from the abbey of Leeuka@st published by De Moor

(2000):
The long term development of these prices was raihalar, as it was dominated by the
price revolution of the sixteenth century. Only tirece of iron changed much in relation
to the other price series. Prices of timber ancgeopnore or less moved with the general
price level. In order to convert these individuatiss into one set of estimates of the
development of total factor costs, they have tavbaghted with their share in total costs
of the shipping industry. It is not easy to findtaleon the structure of costs in
shipbuilding. Based on nineteenth century data dbsts of shipbuilding have been
distributed as follows: timber 40 per cent, wag@98r cent, iron 15 per cent and copper
also 15 per cent (see for all details Van Tielhud &an Zanden 2008¥.

3.14 Peat

A lot has been written about the importance ofglat industry to Holland’s economic
development (Unger 1984; De Zeeuw 1978; Van Zai®@&7). The best recent survey is
Cornelisse (2008), confirms previous estimates ag Yanden (1997) about the level of
peat consumption per capita, derived from tax @iéidm the early 18 century, 1608
and 1650-1800. The 1608 yield showed a somewhhehigvel of peat consumption
than the post 1650 estimates; Van Tielhof founthenZeeland archives more details
about the 1608 yield of the tax on peat, which madar that 73% of the yield is related
to the actual consumption of peat, the remaining&iig levies on exports and actual
production’® This makes it possible to estimate production (@brts) directly for this
year, and makes it necessary to lower the prewqusblished consumption estimates.
This also implies that the decline of consumptien gapita that did occur was more
concentrated in the T6&entury; it was probably related to the relatieelthe of the
brewing industry, and to the switching of this isthy to coal (which happened during
the first half of the 17 century). The estimates are based on a constamiaés of per
capita consumption of 12 ton, plus the estimatetdemption of the brewing industry
(see the sources there).

"L T. de Moor Prijzen en lonen in het cistercienzerinnenkloosigNoordwijkerhout tussen 1410/11 en
1570/71(Amsterdam: Historisch seminarium 2000).

2 De Jong, Staat van oorlog’

3 De Moor,Prijzen en lonen

"4 Michael JanserDe industriéle ontwikkeling in Nederland 1800-1§B@nsterdam 1999) 288, 292-293;
The most important price series that could notsiuded, is the price of hemp or canvas — our serfie
total factor costs therefore does not cover thésaafssails and ropes. We do know the long term
development of the price of linnen, which was pratlhunder more or elss the same circumstances as
hemp and canvas; linnen prices declined comparatirtost all other prices (with the exception ohiro
prices). Assuming that hemp knew a similar pricereuthe addition of hemp and canvaes to the idex
total factor costs would have lowered its long témorease, and by implication also lowered thedgask in
total factor productivity.

> Zeeuws archief, Staten van Zeeland, inv.nr. 1894.



To get from consumption to production, two additibseries of estimates are
necessary. Exports are known for the 1560s (Diegre#©50) and 1608; for the'16
century we assumed that the series of the trdffmugh Gouda (see the section on inland
transport) can be used to link the various estimakethe beginning of the T&entury,
exports were limited, the real export boom occuinetthe middle decades of the™6
century (Diepeveen 1950). From about 1600 onwamgsorts from northern Netherlands
(Overijssel, Drenthe, Friesland and Groningen) bexacreasingly important. Gerding
(1995) has estimates the long term trends of thdyation in these regions; we assume
that 60% of it was being exported to Holland.

Figure 10
The long term trends in the production and consumpbn of peat in Holland 1510-
1807 (in 1000 peat-tons)

Figure The long term trends in the production and consumption of peat in Holland 1510-1807 (in
1000 peat-tons)
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4. Agriculture and fisheries

4.1 Fisheries and whaling

The value added of fisheries and whaling is catedldy Van Bochove and Van Zanden
(2006) for 1600-1795. These estimates need to benéad both prior 1600 and after
1795. Van Bochove (2004) also made calculationth@fcatch of herring for years prior
to 1600. Since whaling only emerged in the firsif b& the 17" century, this does not
cause a distortion. We calculated the average \added per last for 1600-1610. These
were used to modify the linear interpolated catdietsveen 1500-1600 to constant 1600
prices value added. Next, these constant priceseras reflated using the herring prices.
For the period 1795-1807 we took the same appradtththe catch data for herring from
Poulson (2008) and assumed whaling to move in line.



We used herring prices to reflate these value cdagies. These prices were
taken from Van Zanden (2005) and from Posthumud@L&ull herring and matie) and
(1964) (Holy Ghost, Municipal Orphanage, and Sth€ane).

4.2 Agriculture

For 1812/13 and 1510/14 two benchmark estimates yat together on the basis of the
sources used in previous studies (Van Zanden 1882@02); for these years we could
also estimate the share of rents and of laboualnevadded in agriculture.

The cultivated land is known from the kadaster 882 (Van Zanden 1985), and
the different reclamations (mainly newly createddpos) are known from De Vries and
Van der Woude, 1997, 32); the estimate of the \atidd land is based on the 1832
benchmark, and the different reclamations are aatetd from it; this gives an estimate
for 1510 that is consistent with the data from khf@rmacie of 1514 estimated by Van
Zanden (2002).

The development of the rent per morgen (.87 hecfarethe period 1500-1650
can be derived from Kuys and Schoenmakers (19&i)tHe 1650-1832 we have a
benchmark estimate for the 1820s (based on thestataurvey), and various estimates
of the development of the level of rents by Van\derude (1983), Prak (1985) and Baars
(1973) for the intervening period.

Next, we assumed that the total rental value ofldhd was a certain percentage
of total value added; in 1510/14 this was 65%,807.61%, in between this percentage
was intrapolated. Prices were derived from Van £an@005).

As the figures below demonstrate, the growth ofcadjure did not keep pace
with population growth during the 1560-1700 peri@thd Holland was already a large
importer of agricultural commodities in 1510); tleisanged during the second half of the
18" century, when agriculture grew relatively strongijrereas the population stagnated.
Land productivity more or less doubled during thésee centuries; the growth of labour
productivity was much more modest, and concentriatéioe 17 century.



Figure 11
Indices of the population and the real value addedf the agricultural sector
(1510/14=100), 1510-1807
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5. Prices and deflators
In the previous sections we discussed both cureemt constant prices with their
deflators. Most series were reflated with the pridethe most common product, e.g.
herring prices for fisheries, sugar prices for suggining. Other series consist of
weighted index of several prices and/or wages. &ample, the building deflator
consists of 25% skilled wage, 25% unskilled wag@®bo2ricks, 13% wood, 4.5% lime,
4.5% sand, and 5% lead. Reflators in services Wwenegver, by necessity largely based
on wages, most commonly on a weighted averageeofviiges of skilled labourers and
schoolmasters.

A comparison of price indices in agriculture igagi in below figure. Both



Figure 12
Price indices in agriculture (1800=100), on a logesale
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fisheries and agriculture show a strong increagarices from 1510 onwards; the prices
of agriculture in particular increase a lot durthg 80 years war. This strong growth in
agricultural prices can also be found in the foedtar in industry (see Figure 13). Food
prices increased fastest, largely driven by theepincrease in agriculture,

Figure 13
Price indices in industry (1800=100), on a log-saal
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followed by a much slower growth in building andttkes. The relative decline of prices
of textiles suggests a marked improvement in (lapryductivity vis-a vis the other
sectors. Since most of the service sector is basedages, we do not expect much

variation here.

Figure 14
Price indices in services (1800=100), on a log-seal
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Indeed, we can see that, although house rentdyctaow the fastest growth, especially

during the 1580s, all series move more or lesge |
If we now compare price developments in agriceltumdustry, and services, we
find the same pattern: agricultural prices on agergrew faster than those in other



Figure 15
Price indices in the aggregate economy (1800=10@)ative to the GDP deflator
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sectors, suggesting a relative increase in labmymtivity in services and industry
(assuming no massive growth of the urban populathno decrease in per capita
GDP). Another interesting development is the dectihagricultural prices vis-a-vis the
other sectors between 1650 and 1750.

6. A comparison with other estimates
We can make a comparison between our new estiraateprevious estimates made for
1510 and 1807. This is given in below table.



Table 1

A comparison of the new estimates for 1510 and 18With the previously published
estimates for those years

1510 1807
Van This estimate based on GDP
Zanden text This text Netherlands project
Holland Holland Holland Holland Netherlands
Agriculture 1,882 1,543 33,093 30,016 120,700
of which: agriculture 1,282 1,281 32,908 28,790 119,300
fisheries 600 262 185 1,226 1,400
Industry 2,577 2,152 56,719 75,562 134,148
Building,
shipbuilding,
of which: metalworking 942 564 14,184 11,840 21,300
textiles 603 576 463 2,487 6,984
clothing 138 138 15,450 18,540 30,900
food 618 542 21,944 25,892 41,948
paper 0 0 674 800 1,000
mining 195 322 2,979 2,840 3,100
other 81 10 1,025 13,163 28,916
Services 2,026 2,022 84,193 112,590 209,200
of which: Trade/transport 1,449 1,449 48.346 67,654 129,800
housing 275 275 9,707 7,844 19,700
other services 302 713 33,656 37,092 59,700
GDP 6,485 5,717 174,005 218,168 464,048

The results are, in our view, reassuring; someifices do exist between these sets of
estimates, but they are relatively low in geneaatj do not seem to affect the overall
patterns very much. The main problem is the faat tie selection of industries on which
we have good data is somewhat smaller for the 1BDJ- period, as a result some
industries which are included in the 1807-1913nestes (utilities, word processing,
leather working) are missing in the pre 1807 sefiéss explains the big difference
between the post 1807 and the pre 1807 estimaté&stiier industries’. Also, we have
the impression that the value added of internatitytade and shipping in the 1807-1913
estimates is perhaps somewhat overestimated, wleipls to explain the gap that we get
between the two sets of estimates, in particulattfe services sector. But such relatively
small inconsistencies are almost inevitable whemsets of more or less independent
estimates of size and structure of GDP are compaitbdeach other — it points to the
sizeable margins or error that are inherent ingliesonstructions.



7. Factors of production

7.1 Land
See under Agriculture (estimates of cultivated area

7.2 Population

There are three more or less reliable benchmannatgs of the population of Holland,
in 1514, 1622, and 1795; on this basis, and aduditidata, De Vries and Van der Woude
have in a number of publications also made estindte 1670 (when Holland’'s
population probably peaked) and 1750 (when itsideclvhich began after 1670, came
to a stop) (see for example De Vries 1984, and [DiesVand Van der Woude 2001).
Moreover, we know from a number of papers that &tallwas a couple of times struck
by epidemics (of the plague), which led to strongclihes of population levels
(Noordegraaf and Valk 1996, Rommes 1990). Moreatvés,also known that during the
1580s and 1590s population growth must have aatebbras a result of massive
immigration from Flanders (but this followed a pablle set back of the population
during the 1570s as a result of the civil war amiigeation of Catholics to the south). To
create a time series, we have tried to take thesedraphic developments into account;
firstly we intrapolated the point estimates avdgaior 1514, 1622, 1670, 1750 and 1795;
next, we included a number of corrections to take iaccount 1) decline during the
1572-1576 period; 2) accelerated growth after 158d,3) declines during the epidemics
of the 1630-1670 period. The resulting time segagery tentative.

Finally, we estimated Holland’s population after9%7 First, we took the
population of Holland from Oomens (1989, p. 16) 10195 and 1814. From this, we
subtracted the population of Amsterdam from Vanuveen and Oeppen (1993) because
the population of Amsterdam moved differently frggopulation in general). Next we
took the population frorR00 jaar statistiek in tijdreeksdor the Netherlands 1804-1814.
We calculated the ratio with the population in ol (minus Amsterdam) in 1814 and
brought the series back to 1804. Next, we intetpdldhe remaining years (1796-1803)
for the population of Holland without Amsterdamné&ily, we added the interpolated
population of Amsterdam (1795-1814) to the popatabf Holland minus Amsterdam to
obtain the total population of Holland.

7.3 Human capital
See under education.

7.4 Physical Capital

The estimates of the capital stock have been nmatteeifollowing way. We know the
value added and the output of the two sectorspitzatuce capital goods, shipbuilding
and construction. The average asset life of alsagpalready been estimated at 10 years,
and the rate of depreciation at 10% (Van ZandenvamdTielhof 2009); the average
asset life of buildings was (much) longer, and lsarestimated at 20 years, or a rate of
depreciation of 5%. We can check the latter assiamjty comparing the value of the
total rents of all buildings in Holland, estimatied the annual tax on these properties,
with the value of the buildings according to thémeates produced here. In 1632 a new
set of registers for theerpondingwas put together; the total rental value was edtohat



6,4 million guilders, or 5,4% of the value of thaildings according to the estimates
produced here. In 1732 a similar new set of regigieoduced a total rental value of 15,5
million guilders, or 8,1% of the value estimateden@ental values in 1632 and 1732
from Van Zanden 1987). Perhaps 5.4% is rather & @et yield on the capital invested
in buildings; the 8.1% is, on the other hand, ppsh@o high. This implies that our
estimates perhaps somewhat understate the indretise part of the capital stock in
these years. The underlying reason may be thatset life of buildings increased, as
wood to some extent were replaced by brick. Whenassumed that, for example, the
rate of depreciation fell from 5% to 4% (for examplktween 1632 and 1732), the
estimates of the capital stock increase even straihgn they already do (because the
capital stock in the 8century is larger than initially assumed). Obviguthis also has
an impact on TFP-growth, which is even more ‘depedsafter 1650 when such an
assumption is made.

8 The income approach: a test.

An alternative way of measuring national incomeigsthe income approach. We can
estimate the wage income, the income accruingni #nd buildings, indirect taxation
(to get from factor prices to market prices), lhus$ imore difficult to estimate the profit
income, which usually is the weakest part of trewime approach.

Wage income is the results of average wage mutddy the labor input. The
labour force is estimated at a constant 40% of |adjon (it may have been less in the
period of rapid population growth before 1650 arat@rthan this in the period of
stagnation of population after 1670, but we camootect for this). The number of
working days is 250 before 1570, rises to 285 iBQl&nd remains stable afterwards
(following De Vries and Van der Woude, pp. 616\Vkages are taken from the same
source (pp. 610-11). We use the series of unsKaledurers, but in addition assume that
40% of the labor force was active in skilled ad¢ies, and add an average skill premium
of 50% for this part (we therefore probably undéneste the growth of wage income, as
average levels of human capital increased duriad 800-1800 period). This brings us to
total wage income.

Income from land and buildings has already beeémastd as part of the
agricultural sector (see 4.2) and of services s€2t@). Indirect taxes for the period after
1575 can be derived from the accounts of Hollamah{fFritschy and Liesker (2004)),
and from (Van Zanden 2002, p. 163) for 1510/14ufadL6 below presents these two
series: the sum of wage income, rental income adideict taxes, and the GDP estimated
from the output side. Both series show a very simidng term trend, but the wage plus
rental income is almost always 10-20% lower than@DP estimates (and as a result of
the way in which these incomes are estimated, theal fluctuations in the series is
much less sharp). The difference obviously is ttedifgncome. Most profits were made
in trade, banking and shipping; when we add veunghoestimates of the share of these
sectors that consisted of capital and profit inc¢banking: 100%; international trade:
70%; international shipping: 25%) we get the tlsedies presented in Figure 16, which
generally overlaps with the GDP estimates fromaimgput side. Only after 1770 do these
series diverge — estimates via the output appraselsubstantially higher than via the
income approach. This may be due to the fact tleatinderestimate working days and
working hours in these years, or the size of therddorce. This check via the income



approach does therefore confirm the long term sendDP, but perhaps casts some
doubt on the growth spurt that is present in thipuiseries, but does not show in the
income series.

Figure 16

Figure 16 Comparison of Income and Output Approach  , 1510-1807 (log-scale)
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Table 2
Estimates of GDP from output and income side (aveges per ten year period),
1511/20-1801/07 (in guilders)

GDP Wages, Idem, plus GDP
rents and guesstimated

current indirect profit constant prices of

prices taxes income 1800
1511/20 7.303 6.864 7.979 50.210
1521/30 9.692 7.474 9.796 57.528
1531/40 10.133 8.571 10.831 62.086
1541/50 10.347 9.827 11.238 55.840
1551/60 16.202 11.583 14.869 71.839
1561/70 23.276 15.116 21.063 86.100
1571/80 27.783 18.768 27.087 75.936
1581/90 38.435 27.747 38.641 99.346
1591/1600 62.563 43.501 61.205 124.821
1601/10 69.013 58.843 72.716 133.014
1611/20 81.242 75.103 88.671 149.537
1621/30 98.743 84.099 99.680 163.486
1631/40 122.927 103.518 124.132 182.136
1641/50 149.004 118.456 142.655 203.463
1651/60 137.744 126.480 143.698 180.835
1661/70 148.725 137.878 154.887 195.760
1671/80 139.571 139.058 152.267 189.797
1681/90 140.118 138.530 156.632 202.578
1691/1700 164.924 136.198 164.837 206.897
1701/10 162.840 134.683 160.081 216.385
1711/20 160.386 134.800 165.134 206.030
1721/30 146.130 136.162 158.983 195.493
1731/40 137.841 134.983 148.849 185.348
1741/50 154.969 128.258 151.462 202.169
1751/60 151.794 131.333 153.248 202.217
1761/70 171.405 135.087 164.829 222.570
1771/80 191.572 137.113 171.054 233.773
1781/90 173.721 137.152 155.298 208.516
1791/1800 201.379 137.978 166.050 224,581

1801/07 200.062 136.614 156.526 206.351



Appendix 2. A scenario for growth between 1347 anti514

It is not possible to estimate the national accewhtolland for the period before 1514
in the same, relatively detailed way, via the eation of the value added in constant and
current prices for different (27) branches of indyusThe necessary data and time series
are simply not available to do this in the same .Walzat can be done, is to develop a
‘scenario’ of the most likely development of redD& per capita, using the detailed
benchmark of 1510/1514 as a starting point. Whavel&now for the period 1347-1514
is the following (this overview is largely based\dan Bavel and Van Zanden 2004):
In contrast to large parts of Western Europe, thyufation of Holland recovered
quickly from the Black Death of 1347/48 and itseashocks; the total population
in 1400 was ‘only’ about 10% smaller than in 1348d increased continuously
after 1400 to a level that in 1514 was 17% larbantbefore the Black Death
(275 thousand versus 235); moreover, populatiowirevas concentrated in the
cities that saw their share in total populatiorr@ase from 23% in 1348 to 45% in
1500; the rural population in 1500 was still somatémaller than in 134%8:
Due to ecological problems (rising water levelsyst surges etc.) agricultural
went through a crisis between about 1390 and tlaelleniof the 1420s (when
large parts of the countryside became inundatettidaint Elisabethflood of
1421); there are a number of tithe series thatabiybclosely reflect the
development of cereal output in these years; thewsa recovery after the mid
1420s, another crisis in the 1480s (which is atstudthented well by other
sources: the Enqueste of 1494), and another regafterwards (for details see
Van Bavel and Van Zanden 2004); because the ctitiivaf grains became much
more difficult, the agricultural output mix shiftédwards livestock products,
made possible by the growing demand from the ¢iéied from abroad; from the
15" century onwards, Holland becomes a net exportbuttér, cheese, livestock
etc.; whereas at about 1350 Holland was more erdel —sufficient in
foodstuffs, in 1514 it was a large importer of ggafrom northern France and the
Baltic, and a net exporter of livestock produdiss thange can be estimated in
the following way: we assumed that Holland was etwtiself sufficient in 1348,
and that consumption per capita was the same Hslio/14, which gives us a set
of estimates of agricultural output in 1348; the gatween 1348 and 1514 has
been filled by assuming that the available tithgeserepresent the evolution of
grain production, and that the output of livestpeducts grew with the
expansion of cities (which we estimate below); IFggl6 presents the two series
of grain production and total production; betwe848 and 1390, agricultural
output goes up somewhat, and there is almost notstal change; the rising
trend in output in this period is remarkable, apipation went down somewhat in
these years; output per capita seems to have sextdgy about 40% in the four
decades after the Black Death; the ecologicalschistiween 1390 and 1425 leads
to a diversification of agricultural output, a pess that continues during the rest
of the 1% century;

® The years in which the population of Holland deeti due to epidemics of the Plague are derived from
De Boer (1978: 40-91).



The rest of the economy is much more difficult teasure; we do know
something about the growth of the urban populatio, can follow the annual
evolution of the population of the relatively nemdafast growing city of Leiden
from 1365 to 1514 (thanks to information on the igm&ation of new citizens in
these years, which make it possible to estimaigrawth — see Van Bavel and
Van Zanden 2004); the example of Leiden is impdyta@cause it represented the
new growth industries — textiles, brewing, herriisfperies and shipping— that
hardly existed at all in 1350, and were the mosiadyic parts of the Holland
economy in the 1350-1500 period; we have theredeseimed that output in these
new industries (with a share of 37,5% of GDP ia@4%4, half the non-
agricultural part of the economy) increased atstrme rate as the population
curve of Leiden; this assumes that labor produgtiwas stagnant, which is a
strong assumption leading to an underestimatid&@P growth in this period;
the rest of the non-agricultural economy, the 08¥%6%, consists of activities
which also increased rapidly in the 1350-1514 mkrbut were of some
importance already in 1348: commerce, other sesy@ed industrial activities
linked to the domestic market (foodstuffs — apaotrf brewing — etc...); here we
assumed that output increased with the numberbafruinhabitants — again
assuming that labor productivity did not increase;
The combination of these estimates result in tHevang structure of the
economy at about 1350: 50-55% of GDP is earnedjiiicature (in prices of
1510/14), which seems consistent with a rate chnidation of 23%; in 1510/14
the share of agriculture had dropped to 24%, aedithanization ratio was 44%;
both estimates are more or less consistent witligeamption that each urban
citizen gives rise to the employment of one norieatfural worker outside the
cities.
The rising urbanization ratio illustrates that theras substantial economic growth in
the period 1348-1514. We estimate that GDP petaapinost doubled. The long
term rate of economic growth was 0.18% per yeaidwlis, by the way, very similar
for per capita growth during the 1514-1806 periddiere was rapid growth in the
decades immediately following the Black Death -t pathe increase in GDP per
capita was the Black Death bonus of a decreasedlggtam. The period 1390-1425
was quite difficult, and income per capita probdiely quite a bit. Then followed,
from 1430 to 1477, a period of expansion — the gjolgears of the Burgundian
economy. The 1480s were difficult again (this timainly due to political conflicts),
but followed by recovery and further growth afteoat 1490.
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