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Abstract We provide annual estimates of GDP for Englandrdtie period 1270-1700,
constructed from the output side. The GDP datacambined with population estimates
to calculate GDP per capita. Sectoral price dathestimates of nominal GDP are also
provided. We find per capita income growth of Og&® cent per annum, although growth
was episodic, with the strongest growth after thacB Death and in the second half of
the seventeenth century. Living standards in the maedieval period were well above
“bare bones subsistence”, although levels of kllméa consumption per head were
modest because of the very large share of pagtardliction in agriculture.
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I.INTRODUCTION

There are two conflicting views of the long run diepment of living standards in the
English economy. One view, which is based largelyeal wage evidence, paints a bleak
picture of long run stagnation from the late therith century to the middle of the
nineteenth century, albeit with quite large fludioas over sustained periods (Phelps
Brown and Hopkins, 1981). This view has recentlgrbsupported by Clark (2005), who
provides a real wage series which shows less egtflrctuations than that of Phelps
Brown and Hopkins, but leaves the trend unchangedhermore, Clark (2007a) adds
new time series for land rents and capital incoonartive at a picture of long run
stagnation in GDP per head. This view sits uneasitlly a second view, based largely on
estimates of wealth and the appearance of new preduhich appear to show modest
but sustained growth of living standards betweemtiddle ages and the Industrial

Revolution (Overton, Whittle, Dean and Haan, 20fVries, 1994).

These two very different views of the long run depenent of the English
economy have been able to co-exist because obdenae of reliable and empirically
grounded estimates of the output and productiviithe English economy over this
period. This paper forms part of a project to restarct the national income of Britain
and Holland between the late thirteenth and treerlateteenth centuries, built up form
the output side. A sister paper by Broadberry amdheeuwen (2010a) provides
estimates of GDP for Great Britain covering theiqgukd 700-1870, which provides a
bridge between the estimates in this paper anddtimates of Feinstein (1972) for the

post-1870 period.



For agriculture, we build on the path breaking gtatlOverton and Campbell
(21996), which tracked long run trends in agricudtwutput and labour productivity, but
was restricted to estimates for a small numbereothmark years. To provide annual
estimates, we rely heavily on two data sets assahfbl the medieval and early modern
periods. For the medieval period, we analyse thdidal Accounts Database assembled
by Campbell (2000; 2007), drawing upon the archi@aburs of a number of other
historians, including David Farmer, John Langdod dan Titow. The information on
arable yields and animal stocking densities isid&egely from manorial accounts, but is
supplemented by information on the non-manorialadoom tithes. For the early
modern period, we use the probate inventory datahssembled by Overton, Whittle,
Dean and Hann (2004), which provides indirect estie® of arable yields and animal

stocking densities from the valuation of the askdtdy farmers.

For industry and services, we build on the piomgeapproach of Deane and Cole
(1967), as modified by Crafts and Harley (1992)<5routput indicators for the major
sectors have been assembled and weighted using adtled shares. Finally, to
aggregate the sectoral output series we estiméte added weights for agriculture,

industry and services in 1381, 1522, 1600 and 1700.

For the period between 1270 and 1700, we find BEhgler capita income growth
of 0.20 per cent per annum on average. This cussitatmore than a doubling of per

capita incomes, although growth was episodic rétten continuous, with the strongest



growth occurring during the Black Death crisis lod fourteenth century and in the
second half of the seventeenth century. Combirhirggwith the estimates in Broadberry
and van Leeuwen (2010a) and working back from tkegnt, the modest trend growth in
per capita income since 1270 suggests that liviagdards in the late medieval period
were well above what Allen (2009: 36-41) calls ‘daones subsistence”. This can be
reconciled with modest levels of kilocalorie congion per head because of the very
large share of pastoral production in agricultifeis meant that a large share of the
English population were already in a position dgtiine late Middle Ages to afford what
Allen calls the “respectable lifestyle”, with a reovaried diet including meat, dairy
produce and ale, as well as the less highly precegsain products that comprised the

bulk of the bare bones subsistence diet.

Our estimates of GDP are built up primarily frore hutput side. However, the
national accounting perspective suggests a nunfliests which can be conducted to
demonstrate consistency, drawing on estimates fr@enmcome and expenditure sides. In
particular, we check consistency with the real wasfanates which have been used
frequently by economic historians to draw conclasiabout long run living standards
(Clark, 2005; Allen, 2001). Second, we also cornspie capita consumption of

kilocalories, to check the sustainability of theptation (Overton and Campbell, 1996).

The paper proceeds as follows. Sections Il toéSatibe the procedures for
estimating output in agriculture, industry and s, respectively. Section V then

aggregates the sectoral outputs into real GDP amtbimes this with data on population



to derive estimates of per capita GDP. In sectignméal GDP by sector is reflated with
sectoral price indices to provide a measure of nahtsDP, which can be compared with
benchmark estimates produced by other authoredtios VII, we compare the long run
evolution of per capita GDP derived from the outgide with real wages and examine
the per capita consumption of kilocalories in tiglt of Allen’s (2009) distinction

between bare bones subsistence and respectabtgléfbaskets. Section VIII concludes.

1. AGRICULTURAL PRODUCTION

1. Arablefarming

The starting point for any estimate of the outpuhe arable sector is the total area under
crop, which is set out in Table 1. For most benatkyaars, the data differ slightly from
Overton and Campbell (1996), as a result of thermaration of subsequent scholarship.
For 1700, we rely on estimates by contemporarigsrted in Holderness (1989) for the
trends between 1700 and 1850, but with the abstdued pinned down by Prince’s
(1989: 41) interpretation of the 1801 Crop Retuiliige figure for 1600 has been
obtained by interpolating backwards in line witlpptation. For the medieval period, the
starting point is the estimate for 1300. Around tiiine, the population was close to its
medieval peak, so that the arable acreage woubdhalge been at its peak. By
guantifying the major changes of land use betw&9® hnd 1871, and tracking
developments at a county level, Broadbetrgl. (2010a) arrive at a new figure for arable
land in 1290, which serves as a benchmark for theienal period. Estimates for other

years between 1270 and 1500 are obtained by ekdtapofrom 1290 on the basis of



trends in the cropped acreage on demesnes andlathén the non-demesne sector

(Campbellet al, 1996; Dodds, 2004; Medieval Accounts Database).

Having obtained estimates of the overall arableage in use, the next step is to
allocate it between fallow and the major crops solims information is taken from the
Medieval Accounts Database for the period befo@ldnd the Early Modern Probate
Inventories Database for the period 1500-1700tlk®medieval period, it should be
noted that we assume the distribution of cropfiéndemesne sector to be representative
of the country as a whole. This is broadly consistéth the much smaller amount of
evidence on the non-demesne sector (Dodds, 20@6z8ik, 2008). For the period
between 1492 and 1553, there is a gap in informatsothe manorial records come to an

end before the probate inventories become available

The amount of fallow declined from between a tlaindl a half in the medieval
period to less than a quarter in the early moderiogd. Information on the crop
distribution is taken from data that are intrinflickocal and of uneven geographical
coverage, so that a system of regional weightiagssential to ensure a reliable national
total. Each region’s share of the national soweage is taken from the 1801 crop
returns, but within each region, the breakdownrops varies over time in line with the
information in the databases. The winter-sown c¢ropsduding rye and maslin (a mixture
of wheat and rye) as well as wheat, remained itapbthroughout the period. Amongst

the spring-sown crops, barley and dredge (a mixdtiarley and oats) increased in



importance, while oats declined. Pulses and ottogrsc(largely clover and root crops)

increased in importance during the early moderiogd©verton, 1996: 99-101, 110).

To calculate output from the estimated areas sweitimeach crop requires
information on grain yields per acre, net of seadrs Weighted national average yields
per acre, gross of tithe and seed can be obtainadthe manorial accounts for the
medieval period and the probate inventories foretdidy modern period. Each dataset has
been divided into seven regional groupings andraggpahronologies have been
constructed for each region before being combinexla single weighted master
chronology for the country as a whole. Due to tise@htinuous nature of much of the
data, the chronologies are derived using regressialysis with dummy variables for
each farm and for each year, as suggested by (2@@4). Since our evidence is drawn
from the seigniorial sector, we need to consideatwias happening in the non-demesne
sector. Although Postan (1966) clearly believed yields were higher on the demesnes
as a result of access to better land and moreataptone (2006: 21) has recently argued
that yields were around 11 per cent higher in thre-lemesne sector, where incentives
were stronger for peasants. Since the directidhefdjustment is unclear, and would
anyway be quite small, we have assumed that yeidbe demesne sector were

representative of English agriculture as a whole.

Grain yields gross of seed as well as tithe arevahin Figure 1 for wheat, rye,
barley, oats and pulses. From these gross yieisgsi@cessary to subtract grain used as

seed to derive the net yields shown in Table aflahe major crops. There are some



differences between crops, but the different dédasgpear to tell a consistent story, with
yields declining during the late medieval perioahfrthe late thirteenth century, picking

up again during the early modern period from thd-sikteenth century. The data exhibit
a high degree of short run volatility, which hagtemoothed out in Figure 1 with a 10-

year moving average.

In addition to making allowance for grain usedeasd, calculation of the net
output of the arable sector must take account e$wmption of oats and pulses by
animals working on the farm. Estimates of the nurmloé working animals per 100 sown
acres can be obtained from the medieval accountpmiate inventory databases. For
the early modern period, these stocking densitiesassumed to apply to the whole
agricultural sector and hence are simply multipiseth the sown acreage to produce
estimates of the numbers of working animals. Howefee the medieval period, the
demesne stocking densities have been convertethimtoumbers of horses and oxen on
all lands using Wrigley's (2006: 449) assumptioattthe stocking density of animals on
non-seigniorial holdings was three-quarters thath@edemesnes. In making these
estimates, allowance has been made for both tHmidecshare of demesne acreage and
the lesser quantities of fodder consumed by immeadnimals. As with the crop yields, a
regional weighting scheme is needed to derivetibheksg densities for the country as a

whole from the observations on individual demesaratfarms.

Figure 2 sets out the numbers of mature workingrals in England. There was a

gradual process of substitution of horses for a@working animals, beginning in the



early modern period. Using assumptions about copamof oats and pulses by mature
and immature animals, it is possible to derivenestes of farm animal consumption,
which are then subtracted from gross output tovdaarable output net of seed and

animal consumption in Table 3.

During the medieval period, output of wheat and tige principal bread grains,
declined substantially from the late thirteenthtaenpeak, with a sharp fall in line with
population following the Black Death of the mid-fteenth century. The output decline
was even sharper for oats, which fell out of favasia crop for human consumption. In
place of malted oats, malted dredge (a barleyfoatsire) and malted barley became the
preferred brewing grains, and demand for barleyareed relatively buoyant. Output of

pulses also declined relatively slowly during thedmeval period.

By the end of the sixteenth century, output ofrtiegor grains was back to the
peak pre-Black Death level. Output of wheat corgthto increase after 1600, while rye
declined. This reflected the growing preferencetliermore expensive bread grain. The
output of barley increased markedly in line witk temand for better quality ale brewed
from the best barley malt. Output of pulses alswgrapidly during the early modern
period. Output of oats, net of consumption by féworses, fluctuated more erratically,

but on a downward trend.

2. Pastoral farming



The starting point for deriving the numbers of neorking animals is again the stocking
densities. As with the working animals, particuidare must be taken for the medieval
period in moving from the stocking densities ondleenesnes to the numbers of animals
in the country as a whole. Conversion of the seigali stocking densities into
corresponding national densities and numbers ohalsiis based on four key
assumptions. First, because of a negative reldtiprietween farm size and stocking
density, drawn from the post-1550 data, the starkiensity of cattle was higher on non-
demesne lands. However, the scale of this effecbban reduced by following Allen
(2005) in assuming that holding farm size constidat density of cattle was one-third
lower on non-demesne lands, due to their higheapttal value. Second, again following
Allen (2005), mature cattle have been divided mitk and beef animals in the ratio 53
to 47 percent. Third, swine, a popular animal yp#asants, are assumed to have been
stocked by non-seigniorial producers at the samsitjeas on the demesneBourth,
aggregate sheep numbers have been checked fostemtsi with trends in exports,
inferred levels of domestic demand, and the dedtireverage fleece weights noted by
Stephenson (1988: 380). The demesne sector trestebegp numbers has been used to
represent the trend in agriculture as a wholethmibsolute level has been set at 15
million in 1300, in line with the estimate of Wregt (2006: 448). This was the number of
animals needed to supply the wool export tradeesrded by the customs accounts
(Britnell, 2004: 417) and a domestic consumptioniegjent of 1.18 square yards per
headper annumon the reckoning that domestic production supdidourers with 1

square yard of woollen cloth, substantial tenantls &/ square yards and landowners with

! Note that if we were to adopt Wrigley's (2006)wsption that swine were stocked at twice the maahori
density by peasants, this would produce an impbéyirge jump in swine numbers between the late
medieval and early modern periods.
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8 square yards, weighting the different socialsg#asaccording to the social tables of
Campbell (2008). It should be noted that an impdrt@nstraint on these four key
assumptions is the need to obtain consistency leet@eimal numbers in the medieval

and early modern periods.

Calculating the output of the pastoral sector isergpeculative than the
equivalent calculation for the arable sector, siheepercentages of animals producing
specific products and the yields per animal hatragted less attention from historians
than crop yields. Until more systematic work is am the sources, the estimates

advanced here are necessarily provisional.

Table 4 sets out the numbers of non-working aninveilh cattle divided between
milk and beef herds and calves. The proportiorenaghals assumed to have been
producing milk, meat and wool are set out in Tdbl& high proportion of cows are
assumed to have produced milk and a high propodi@meep to have yielded wool.
Meat, however, was produced only by those aninmaswere slaughtered. Following
Holderness (1989: 147), it is assumed that apprateiy a quarter of the stock of cattle
and sheep and around half of all pigs were slavgthi@ the early modern period. These
ratios are also applied to the late medieval peisodgheep and pigs, in line with
slaughter rates documented by Campbell (1995: B33-For cattle, however, slaughter
rates were lower in the medieval period because there few herds kept specifically
for beef. These basic assumptions have been euhlifith additional information from

Clark (1991) and Ecclestone (1996).

11



The next step in the calculations involves theresion of yields of milk, meat
and wool per animal. Table 6 sets out our prefeestonates, drawn from a number of
sources, including Clark (1991), Allen (2005), $tepson (1988) and Britnell (2004).
Data between benchmark years were interpolated usiormation on the relative prices
of pastoral products and the animals from whicly there derived. Finally, Table 7
combines the information on numbers of animalscgaiages of each animal producing

and yields per animal to provide estimates of ouitpthe pastoral farming sector.

Further assumptions are needed to derive outpuagsts for hay, hides and
skins, and dairy products. Hay output is derivearfithe numbers of non-farm horses, on
the assumption that each horse consumed 2.4 tdresygder year (Allen, 2005). Output
of hides and skins is derived from the numbers afking and non-working animals
using assumptions on the percentages of each apro@licing and yields per animal
from Clark (1991), Clarkson (1989) and Ecclestd#6). In the dairy sector, output is
split between cheese, butter and fresh milk usatg ttom Biddick (1989) and

Holderness (1989).

3. Total agricultural output

Multiplying the output volumes by their prices yislthe total value of net output. The
price data are taken largely from Clark (2004), wkinthesises the published data of
Beveridge (1939), Thorold Rogers (1866-1902: volsih30) and the multi-volume

Agrarian History of England and Waleas well as integrating new archival material,

12



principally from the unpublished papers of Williddeveridge and David Farmer. To
this, have been added the prices of hides fromditidRogers (1866-1902) and of rye
from Farmer (1988; 1991), as well as direct est@sdtom the Early Modern Probate
Inventories Database. Output can be valued in battent prices and in constant 1700

prices.

Figure 4 plots arable, pastoral and total agnicaltoutput in constant prices on a
logarithmic scale, while Table 8 summarises theesarformation in growth rate form,
using 10-year averages to capture long run trdhdbould be noted that the gap between
1492 and 1553 in the series for arable and pagtooduction has been filled at the level
of total agricultural output using the demand fumctapproach of Crafts (1985) and
Allen (2000). Agricultural consumption per headssumed to be a function of its own
price, the price of non-agricultural goods and meoIncome, own-price and cross-price
elasticities are estimated from the data for ou¢pdjusted for net imports), prices and
real wages over the period 1301-1492 and 1553-1affiused to predict the missing
values of output between 1492 and 1553, based tingoknown values of prices and real
wages for this period. The results are discussektail in Broadberry and van Leeuwen

(2010a).

During the medieval period, arable output exhibaedear downward trend,

while pastoral output showed greater stability.i@gjture as a whole thus showed a

modest decline in output. From the mid-sixteenthtuey, arable and pastoral output both

13



grew, with the pastoral sector at first laggingibdrihe arable sector, but outpacing it

from the mid-seventeenth century.

The pastoral sector was thus increasing its sHaeabagricultural output during
the medieval period and from the mid-seventeentitucg. However, in current price
terms the picture is complicated by changes irtivegrices. In particular, although the
price of pastoral products relative to arable stobone clear trend during the medieval
period, pastoral products became steadily chedigrl®d00, particularly during the
“Great Inflation” of the sixteenth century, as daseen in Figure 5. This amplified the
effects of the slower real growth of the pastoeaitsr between the 1450s and the 1650s,
and then dampened the effects of the faster pagpanath after 1650. Thus the current
price data in Figure 6A and Table 9 show the pats@ctor increasing its share of output
during the medieval period and again from the nedesiteenth century. Between the
mid-fifteenth century and the mid-seventeenth agnioy contrast, the share of the
pastoral sector in current price agricultural otigheclined. In constant 1700 prices,
however, the early modern decline in the shareastqgral agriculture was much more

muted, as can be seen in Figure 6B.

However, what is perhaps most striking about Talkkethe already very high
share of the pastoral sector in medieval Englahd eant that although the English
people did not have a particularly generous dieiefved in terms of kilocalories, it was
a varied diet, with meat, dairy produce and aleugplement the less highly processed

grain products that made up the bulk of the diet.
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1. INDUSTRIAL PRODUCTION

For the period 1270-1700, it is possible to obtailume measures of some of the key
industries, which can be broken down into threeomsgctors: metals and mining;
textiles and leather; and other industries. Figupbots the component series of the three
major sectors in parts A to C, while part D pldts three major sectors, together with the

total industrial production index.

1. Metal and mining industries

The metals and mining sector is based on physidalub volumes for a number of
important industries. Tin output is available onasaimual basis for the whole period from
1301 with relatively few gaps, from Hatcher (19786-159) and Mitchell (1988: 303-
304). King (2005) provides data on bar iron produrctor the period 1490-1700. The
output of coal in the 1560s and circa 1700 is tdkem Hatcher (1993: 68), interpolated
using shipments of coal from north-eastern potts) taken from Hatcher (1993: 487-
495), updating the earlier work of Nef (1932: 3&1LB In Figure 7A, we see that
although tin output grew more rapidly than indwdtgroduction as a whole, the coal and

iron industries grew even more rapidly, particylairing the sixteenth century.

2. Textilesand leather
The textiles and leather sector is based on voiadieators of the key raw material
inputs of wool and animal hides. Exports of woal avoollen cloth are given by Carus-

Wilson and Coleman (1963) for the period 1280-1%%wever, the export of wool is

15



negatively related to the export of cloth, so we tee production of wool from
agriculture minus wool exports as an indicatorhef woollen textile industry. It should
be noted that although the period between the pudidenth and mid-fifteenth centuries
was characterised by strong growth of wool clothaets, this was offset by the decline
in home consumption as population declined. Thewuf hides from pastoral
agriculture is used to track the output of theHeaindustry. Figure 7B shows that

woollen textiles grew more rapidly than the leatinelustry.

3. Other industries

Food processing, building and book production aoeiged together as the relatively
heterogeneous group of other industries. Food peiug is assumed to grow in line with
agricultural output. Building is assumed to growiine with population, but with an
allowance for urbanisation. For the medieval perlamvever, allowance has been made
for church building, using data on the number dhedral and abbey building projects
derived from Morris (1979: 179). Book productiormeasured by the index of new
English language book titles obtained from theighitibrary’sEnglish Short Title

Catalogue(http://estc.bl.uk/F/?func=file&file_name=login-kkt). Figure 7C shows that

book production grew much more rapidly than fooocpssing and construction,
although the growth rate accelerated in constroatith the growing urbanisation of the

English economy after 1500.

4. Aggregate industrial production
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To aggregate the individual series into an ovenallistrial production index and the sub-
indices for the three component major sectors,ageire a set of weights. The weights
for circa 1700 in Table 10 are derived from Hoffmgh955), but with a number of
modifications, including an allowance for the protion of books as well as the

reworking of the weighting scheme by Crafts e(E989).

Figure 7D plots the index of industrial productmma logarithmic scale, together
with the three major sector sub-indices. Tableurfirearises the aggregate information
in growth rate form over fifty year periods, usib@year averages to capture long run
trends. Although there were substantial fluctuationindustrial output during the Middle
Ages, there was no trend growth until after 1500iclv ushered in a period of sustained
industrial expansion. The average annual growt egeér the period 1270-1700 was 0.34

per cent.

IV.SERVICES

The service sector has received much less attefntoneconomic historians than
agriculture and industry. Here, we build on therapph used by Deane and Cole (1967)
to estimate service sector output in eighteenthucgBritain. For England 1270-1700,

we break down services into government, commerwthausing and domestic service.

1. Commerce
For commerce, we combine indicators of internafitreale and transport, domestic trade

and transport and finance, which are plotted iufgéd@. We begin with a description of

17



the index for international trade and transportichvitombines information on the
volume of exports, the distances travelled by theogmrts and the growth of the English
merchant shipping tonnage. The export volume d&awailable on an annual basis for
wool and cloth exports from all major English pdsttween 1280 and 1543 in Carus-
Wilson and Coleman (1963), with the national totalaveniently summarised in
Mitchell (1988: 358-359). Wool and cloth, which &lger accounted for 86.6 per cent of
the value of total exports in 1565, are aggregatedan index of export volumes using
weights of 90 per cent for cloth and 10 per cenwfool, derived from Stone (1949: 37).
The series has been extended over the period 1280dn the assumption that the
stability of the export to domestic production oadiuring the period 1280-1290 also held
during the previous decade, for which domestic wwotuction data are available. For
the period after 1500, data on shortcloth exparisugh London are available from
Fisher (1940: 96) for the period 1500-1600 and ffagher (1950: 153) for the period
1600-1640, with the overwhelming dominance of Landothe trade demonstrated by
Davis (1954: 164-165) for the seventeenth centod/lay Carus-Wilson and Coleman
(1963) for the sixteenth century. Log-linear ipi@ation has been used for missing

years.

To capture the volume of international transpertvall as commerce, it is
necessary to take account of the distances ovetwthese exports were shipped, which
changed over time with the shifting importance iffedent trade routes. An important
factor here was the growing importance from arolB@0 of the new trade routes to the

east around the south of Africa and to the Ameragasss the Atlantic, since the
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distances on these routes dwarfed distances anttheEuropean trade routes. Davis
(1954: 164-165) provides a regional breakdown giogixdestinations for the mid-
seventeenth century, which are adjusted to a pd&-pattern by eliminating the new

trade routes to the Americas and Asia.

After 1640 there is an unfortunate gap in thedrddta until the new official
figures which start in 1697. However, for the pdricb70-1700, we have data on the
English merchant shipping tonnage from Davis (1968 the overlap period 1570-
1640, we have used the export data to interpokti®den the much lower frequency
shipping tonnage data. This enables us to captittetbe volatility of international
commerce and the growing share of that commerewlstiipped by English merchants

with the encouragement of mercantilist governmédtpple, 1964; Davis, 1973: 46-49).

Domestic trade and transport is measured by anxiotimarketed agricultural
and industrial output. An index of industrial argtiaultural output is constructed from
the sectoral real output data described earlieanGés in the share of output marketed
are captured by the cumulative number of new markstablished in the period 1300-
1490 and the growth of the urban share of the @jom from 1490 to 1700. The data on
the growth of the market are taken from Letter98)0while the data on urbanisation are

from Malanima (2009).

The extent of financial mediation in the economgnsasured by the inverse of

the velocity of circulation, derived from Mayhew0@). The long run decline of
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velocity during the process of economic developmed noted by Cameron (1967),
focusing on the experience of a number of countimetuding England between 1750
and 1844. He patrticularly emphasised the institaichanges associated with the
development of new forms of money, such as billexahange, with lower velocity than
cash. Declining velocity can therefore be takearagdicator of the growth of a more
sophisticated financial services sector. Mayhev@$) @xtended the analysis back to
1300 and confirmed Cameron’s finding of a long dacline in velocity, but with an
interruption to the process during the Tudor delvase of the mid-sixteenth century.
Mayhew (2009) provides an update to his earlied\stincorporating revised money
supply data from Allen (2001). To convert this measof financial intermediation into
an index of financial sector activity, we interffo¢ inverse of the velocity of circulation

with the population, as a scaling factor.

The fastest growing part of commerce was domésiite and transport, with two
strong phases of growth. The first growth phaseioed with the rise of markets before
the Black Death, while the second growth phaseroedwith the spread of urbanisation
after 1500. International trade and transport shblitiée trend growth before 1500, but
then grew rapidly during the mercantilist periodnfrthe sixteenth century onwards. The
financial sector declined with population after Black Death and then showed
relatively modest growth from the mid-fifteenth tany, but with a serious setback

during the Great Debasement of the mid-sixteentituceg.

2. Housing and domestic service
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Deane and Cole (1967) assumed that housing andsticreervice grew in line with
population, and we have followed the same procelere. Output therefore declined
sharply across the Black Death, continued to fatil the mid-fifteenth century and then

recovered until the mid-seventeenth century.

3. Government
For government, we use a 10-year moving averageabgovernment revenue from
O’Brien and Hunt (1999), which is available for tlvhole period from the European

State Finance Databasehdip://www.le.ac.uk/hi/bon/ESFDB/frameset.htfhe state

expanded its size rapidly during the wars of the taedieval period, and again with the

rise of the mercantilist state during the severtteeantury.

4. Aggregate service sector output

The weights for the main service sectors are shawiable 12, and are taken from the
circa 1700 shares in Crafts (1985: 16). Within caerca, the weights are derived as
follows. First, the relative shares of domestic aridrnational trade and transport are
based on the relative shares for Holland, adjustethe different degree of openness in
England compared to Holland. Since the share obreg@nd imports in GDP was lower
in England than in Holland, domestic trade anddpant accounted for a higher share of
commerce in England than in Holland, and intermetidrade and transport for a
correspondingly lower share. Second, the sharman¢e is set at 5.0 per cent of total

service sector output, which amounts to aroungérent of GDP, the share of finance
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in GDP for 1907, the first benchmark year for whathrent price sectoral shares are

available for Britain with a separate enumeratibfirance (Feinstein, 1972: 208).

The resulting series for total service sector ouigpplotted in Figure 8B, and the
growth rates for the whole period and sub-periodaesented in Table 13. Total
service sector output trended downwards duringrtedieval period, before picking up
strongly from the mid-fifteenth century. The slowgsowing sector was housing and
domestic services, while the fastest growing segt® government, particularly before
1350. Commerce grew rapidly from the mid-sixteesghtury. The average annual

growth rate for the aggregate service sector dwveperiod 1270-1700 was 0.22 per cent.

V. REAL GDP, POPULATION AND GDP PER CAPITA

The next step is to construct an index of real GHENgland over the period 1270-1700
from the above series for agriculture, industry sanrices, using an appropriate set of
weights. Table 14 sets out the weighting schenréyetefrom the reconstruction of
nominal GDP by sector. Real output trends fromseheoral series described earlier in
the paper are transformed into current price trersitsy sectoral price deflators, with
absolute levels of GDP in current prices estabtisisng an input-output table for 1841,
projected back to 1700 by Broadberry and van Leeui2@10a). For the period 1270-
1450, we use 1381 weights, a year for which itgs possible to establish sectoral labour
force shares from the Poll Tax Returns. For théopet450-1550, we use 1522 weights,
matching labour force shares derived from the MuRtgls. For 1550-1650, we use 1600

weights. Finally, for 1650-1700, we use circa 1W@ghts, matching the labour force
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estimates derived from the original study by Grgd€ing [1696]. The resulting series,
plotted in Figure 9, can be used to calculate gnawates over 50-year periods, presented
in Table 15. English GDP trended down after thecBR2eath, before returning to
positive growth from the late fifteenth century.&d¥he whole period 1270-1700, the

English economy averaged a growth rate of 0.2Z@et per annum.

Ultimately, we are interested in what happened Ddi®@Qer capita, the most
widely accepted indicator of material living stardiaover the long run. Although the
population of England has been firmly reconstrudtgdVrigley and Schofield (1989)
and Wrigleyet al. (1997) for the period since the compulsory regtgin of births,
marriages and deaths, estimates before 1541 aespeculative. For the period after
1541, the data in Table 16 are based on the estsnoatWrigleyet al. (1997),
interpolated using Wrigley and Schofield (1989)r Earlier years, our estimates are
based on data for individual manors, extending &vds in time the approach of Hallam
(1988). It should be noted that our peak medievaufation estimate of 4.81 million in
1348 is a little higher than the range of 4.0 toillion suggested by Overton and
Campbell (1996), but still well below the figure afleast 6 million suggested by Postan
(1966) and Smith (1991). As Overton and Campb®&06) point out, such a high
population estimate has implications for other afaleés such as land use, crop
combinations, yields and kilocalorie extractioresaéind the share of the population
living in towns, which would be hard to square wither evidence. We shall return to
this issue in a later section on consumption ariguduNote the impact of the Black

Death, which struck in 1348-49, leading to an imiagxisharp collapse in the population,
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followed by a further decline which continued utitié mid-fifteenth century. Full details

of our population estimates are set out in Broagtetral. (2010b).

Combining the population data with the real GDResgproduces our estimates of
GDP per capita growth in Table 17. The trend imoflest positive per capita income
growth between 1270 and1700, at an average aremgabt 0.20 per cent. However, the
path of growth was episodic. We find that GDP pgita grew substantially during the
Black Death crisis of the fourteenth century, amehtremained on a plateau between
circa 1450 and 1650 before resuming growth dutiegsecond half of the seventeenth
century. These trends can also be seen in FigyneHioh plots GDP per capita on a
logarithmic scale. Note that although there weraes@solated bad years between 1550
and 1650, the trend level of per capita income reethabove the level of the pre-Black

Death period.

Per capita income growth before the Industrialdk&von thus appears to be
confined largely to periods of falling populatidrhis may at first sight appear to confirm
the Malthusian interpretation of writers such ast®o (1972) and Clark (2007a). The
Malthusian model depends on two key assumptiomst, fiopulation responds positively
to real incomes, so that if real income falls,ifiéytdeclines (the preventive check) and
mortality increases (the positive check). Seconeke is a negative relationship between
the population level and real income, becauserafrdshing returns to labour, holding
land fixed. However, it is helpful to follow Mokyand Voth (2010) in distinguishing

between the strong and weak versions of the Malhusodel. In the strong version, the
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iron law of wages holds, so that if there is a pesishock to real incomes, they are
quickly forced back down to “bare bones” subsistetic the weaker version, the positive
and preventive checks operate, but not sufficiestiigngly to bring the economy back to
bare bones subsistence. In the weaker versiored¥itlithusian model, a society may
have a per capita income level sufficient for tregority of the population to afford the
respectability basket, as a result, for examplegsirictions on fertility through late

marriage.

The evidence for pre-industrial England presentexa is clearly not consistent
with the strong version of the Malthusian modekodd by Postan (1972). First, although
population was above the medieval peak by 1700¢cq@ta incomes were around twice
as high. The economy was able to support a largeulption with a smaller proportion
working in agriculture, freeing up others to produke industrial goods and services
demanded in a more urbanised society. Second uglthio is not known when it first
became the norm, late marriage is known to have pesvalent in early modern England
(Wrigley and Schofield, 1989; Wriglest al, 1997). Third, fertility limitation and the
high share of the pastoral sector meant that ligbagdards for the majority were
“respectable” in 1300, and remained so throughoeiperiod. Nevertheless, it must be
emphasised that there was a sizeable minority @blpeat the bottom of the income
distribution who were living at bare bones subsisée Lindert and Williamson’s (1982)
reworking of Gregory King's [1696] social table fb888 suggests that 24.2 per cent of

families were unable to afford the respectabilégket even in 1688, while Campbell’s
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(2008: 940) social table for 1290 suggests thatghoportion could have been as high as

39.0 per cent before the Black Death.

The above interpretation is consistent with thakvglalthusian model. However,
there is an important way in which pre-industriagiand does not fit the Malthusian
interpretation, either strong or weak. This isithportant role of the growth of London.
Whereas Malthus clearly thought in terms of a negatlationship between population
density and real income levels through diminishrigeigrns, there is much evidence to
suggest that the growth of London acted as a stisnal productivity and real income
levels (Wrigley, 1985; Allen, 2009). This is moreline with the positive relationship
between population density and real income levgiotihesised by Boserup (1965;
1981), through effects on intensity of land ussurrounding rural areas and investment
in density-dependent infrastructure in the metridgolcentre, thus creating increasing
rather than diminishing returns. Furthermore, Caglipd al. (1993) demonstrate the
positive influence of the large London market oa tinganisation of agricultural
production in the surrounding counties alreadymyithe medieval period, thus casting
doubt on a fundamental assumption of the Malthusiadel long before the Industrial

Revolution.

V1. PRICESAND NOMINAL GDP
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Real GDP can be converted to current prices bgtiefl the sectoral volume indices by
sectoral price series. The absolute values of nain@®DP can be pinned down using

benchmark figures for 1700.

1. Sectoral and aggregate price indices

The starting point is the price indices that haeerb constructed for the three main
sectors of agriculture, industry and services. algecultural price series have been
described in an earlier section, and are takerelarijom Clark (2004). For industry,

prices are taken from Clark (2006) and Thorold Re¢&866-1902). The price data for
services are based largely on wage rates and hptesits from Clark (2004), although
we have also incorporated some information on parsprices from Thorold Rogers
(1866-1902). For distribution, we have used a weighaverage of agricultural and

industrial prices, with the weights reflecting tte¢ative size of the two sectors.

Figure 11 shows that prices in the three mainosechoved broadly together over
the long run, although there were shorter periodensignificant changes occurred in
the inter-sectoral terms of trade. Figure 12 chéwgatio of agricultural prices to
industrial prices, indexed on 1700=100. Agricultymaces were relatively high during
the first half of the fourteenth century when p@tigin was at its medieval peak. After
the Black Death, however, agricultural prices felative to industrial prices and
remained at a lower ratio until the mid-sixteergntary. The first half of the seventeenth

century stands out as a further period of relagivedh agricultural prices.

2 The 1700 benchmark figures are obtained by prioigttack from an 1841 benchmark using sectoral
indices of real output and prices for the perio@@®1841 from Broadberry and van Leeuwen (2010a).
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2. Nominal GDP

Reflating real GDP with the aggregate price indexdpces the nominal GDP series
plotted in Figure 13 in £ million. Here we also {pf@me benchmark estimates of nominal
GDP produced by Snooks (1995) and Mayhew (1995i;iwéuggests that previous
writers have succeeded in capturing the broad srendominal GDP over this long
period. However, a closer examination of the datd&nchmark years in Table 18
suggests that Snooks substantially underestimheelkvel of nominal GDP in 1300 and
to a lesser extent in 1688, thus exaggerating vty of nominal GDP between 1300

and 1688.

3. Nominal and real GDP

Figure 14 plots real and nominal GDP together withaggregate price level over the
period 1270-1700. It is clear that most of the &ase in nominal GDP resulted merely
from inflation. While real GDP increased by a faab2.8 between 1270 and 1700,
nominal GDP increased by a much greater factob6dd,Jas a result of the price level
increasing by a factor of 5.7. Put like this, itii@ sounds very high, but compared with
the twentieth century, this is relatively mild iafilon, at an annual rate of just 0.4 per
cent. Furthermore, it is clear that most of theease in the price level occurred during
the Great Inflation of the sixteenth century, adpa-wide and possibly global

phenomenon.

V1. CROSS-CHECKING THE OUTPUT ESTIMATES
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1. Consumption and output

One way of assessing the credibility of the ougmiimates is to see what they imply
about the level and sufficiency of consumption pesd. Table 19 assesses the supply of
kilocalories available per head of the populatiami-Bacci (1991) believes that for a
population to have been adequately fed requireavarage food intake of 2,000
kilocaloriesper capitaper day, although for a largely agrarian econoothsas medieval
England, it is reasonable to assume that someed{ikbcalories requirements could have
been met from home-raised vegetables and pouttgetiher with wild nuts, berries, fish

and game.

Recent work by Slavin (2008; 2009; 2010) providegiantitative basis for
assessing the kilocalorie contribution of thesecesito the medieval diet both before
and after the Black Death. For poultry, Slavin sglg a contribution of around 200
kilocalories in monastic, religious and aristoardtouses before the Black Death, but
falling to around 100 kilocalories after the Bldakath, as meat was substituted for
poultry. It is likely that peasants received arotadf this amount, derived from their own
chickens and eggs throughout the year, with laagavunts consumed at harvest time as
payment in kind. Assuming that townspeople consupuedtry at similar levels to the
religious and aristocratic houses, poultry may res@unted for around 120 kilocalories
per head before the Black Death, averaged ovegrdpelation as a whole. For fish,
Slavin provides detailed evidence to suggest tlatastic, religious and aristocratic
houses derived as much as 300 kilocalories per, gtddpeasants consuming around

200 kilocalories from this source. For the popwlatas a whole, this would amount to
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around 220 kilocalories per head. If vegetablestdrand wild-growing mushrooms,
berries and nuts provided just another 60 kiloéesoper head, we would arrive at a total
of around 400 kilocalories per head from all thsabsidiary sources of food before the
Black Death, falling to around 200 kilocalorieseafthe Black Death. Budget studies
from Prest (1954) suggest a continued contributifceround 200 kilocalories per head

from fish and poultry at the end of the nineteesghtury.

The estimates suggest that agricultural outputma® than sufficient to meet
society’s needs after the Black Death, but wasifstgntly less so in 1310/19, the decade
of the Great Famine. The picture of English societthe half century before the Black
Death that emerges from this table is thus onen@c@nomy under pressure. Note also
that it is hard to see how a population much altbeet.72 million average over the
decade 1300/09 could have been sustained, givegrdireyields and the levels of land

use underpinning the output estimates.

One issue which is apparent from Table 19 and ftwervery high share of the
pastoral sector highlighted in Table 9 is thattaofdand was devoted to producing
relatively expensive kilocalories. Thus the mediduaglish population does not seem
particularly well off if living standards are assed in terms of kilocalories. However, the
diet was highly varied, with a large proportiortioé population able to consume meat,
dairy produce and ale. This is in striking conttasa strongly Malthusian economy, with

real wages driven down to bare bones subsisterteaewhe bulk of the population
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would be deriving the majority of their kilocalosié&om inferior grains with little

processing, such as oatmeal (Allen, 2009: 35-37).

2. Income and output based measures

An alternative way to assess the credibility of output estimates is to compare them
with the long-established estimates of real waBéslps Brown and Hopkins (1981)
produced long time series of daily real wages kiltesl and unskilled building workers
in England, which apparently painted a picture @lthusian fluctuations but long run
stationarity of material living standards over gegiod 1270-1870. Subsequent
refinements by Allen (2001) present a more suhbt®ipe, with the real wage gains
following the Black Death being maintained in Emglaand Holland, but eaten away by
subsequent population growth in the rest of Eur@park (2005) continues to show a
substantial decline in English real wages fromrtheadieval peak before recovery from
the mid-seventeenth century. Figure 15 charts eucapita GDP estimates together with
the Allen and Clark real wage series for unskitbedding workers. Real GDP per capita

moves more closely in line with the Allen real waggies over this period.

VIIl1. CONCLUSION

This paper provides the first annual estimatesDPGor England between 1270 and
1700, constructed from the output side. For agca| the estimates rest on a detailed
reconstruction of arable and pastoral farming,tluplfrom manorial records during the
medieval period and probate inventories duringeidudy modern period. For industry and

services, indices of gross output are assembletthéomajor sectors and combined with
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value added weights. The GDP data are then comhittgopulation estimates to

calculate GDP per capita.

Our results suggest English per capita income dr@ivD.20 per cent per annum
between 1270 and 1700, with the strongest growén #fe Black Death and in the
second half of the seventeenth century. This mddestl growth in per capita income
before the Industrial Revolution suggests that kimgy back from the present, living
standards in the late medieval period were wellvalfbare bones subsistence”. This can
be reconciled with modest levels of kilocalorie somption per head because of the very
large share of pastoral production in agricultédeeady during the late medieval period,
the English economy was on a path of developmeartacterized by high value added,

capital intensive and non-human energy intensieeyetion.
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TABLE 1: English arableland use (millions of acres)

Wheat Rye/ Barley/ Oats Pulses Other Total Fallow Total

Maslin Dredge crops sown arable arable
1270 2.21 0.72 1.23 2.94 0.29 0.00 7.40 5.13 12.52
1300 2.68 0.60 1.27 3.16 0.45 0.00 8.16 456 12.72
1380 1.83 0.36 1.22 1.87 0.47 0.00 5.75 3.89 9.64
1420 1.61 0.32 1.17 1.66 0.45 0.00 5.21 3.53 8.75
1450 1.53 0.31 1.15 1.59 0.44 0.00 5.03 3.41 8.44
1500 1.58 0.37 1.19 1.56 0.47 0.10 5.26 3.24 8.50
1600 1.85 0.77 1.44 1.32 0.61 0.72 6.72 2.16 8.87
1650 2.00 0.39 1.86 1.13 1.02 1.36 7.74 1.88 9.63
1700 1.99 0.42 1.82 1.15 0.98 1.30 7.64 1.91 9.56

Sources: Overton and Campbell (1996: Tables I1J,G8mpbell et al. (1996); Medieval Accounts Datah&sarly Modern Probate
Inventory Database; Holderness (1989); Overton§L99
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FIGURE 1: English weighted national average grain yields per acre, gross of tithe
and seed (bushels, log scale)
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FIGURE 1 (continued): English weighted national average grain yields per acre,
gross of tithe and seed (bushels, log scale)
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FIGURE 1 (continued): English weighted national average grain yields per acre,
gross of tithe and seed (bushels, log scale)
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Sources: Medieval Accounts Database and the Eaolyevh Probate Inventories
Database.

TABLE 2: English mean yields per acregross of tithes, net of seedsin bushels (10-
year averages)

Wheat Rye Barley Oats Pulses
1270-1279 7.94 1353 9.74 6.14 3.81
1300-1309 7.43 9.76 8.95 5.65 7.23
1350-1359 6.43 7.48 6.96 4.98 4.54
1400-1409 6.27 8.66 8.03 6.57 5.43
1450-1459 6.06  10.40 6.59 6.52 3.86
1550-1559 8.35 6.77 7.84 9.11 5.06
1600-1609 10.63 9.86 11.28 10.76 9.70
1650-1659 12.64 1491 16.97 10.31 12.77
1691-1700 1395 16.73 14.35 10.72 7.76

Sources and notes: Gross Yield per acre taken tihenviedieval Accounts Database and
the Early Modern Probate Inventories Database. Seed per acre from the Medieval
Database and for the early modern period from @westhd Campbell (1996), Allen
(2005).
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FIGURE 2: Working animalsin England in millions (10-year moving aver ages, log
scale)
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Sources: Derived from the Medieval Accounts Dataptds Early Modern Probate
Inventories Database.

TABLE 3: English arable output net of seed and animal consumption in million
bushels (10-year averages)

Wheat Rye Barley Oats Pulses
1270-1279 17.88 9.40 12.02 15.54 0.59
1300-1309 19.90 6.32 11.38 14.10 1.62
1350-1359 12.23 3.08 8.51 6.27 1.06
1400-1409 10.21 3.03 9.39 8.05 1.22
1450-1459 9.32 3.62 7.59 7.71 0.86
1550-1559 14.28 4.10 10.27 8.66 1.53
1600-1609 19.91 7.52 16.80 8.28 3.99
1650-1659 25.36 4.79 31.80 2.93 8.93
1691-1700 27.58 6.70 25.72 1.86 5.37

Source: Output gross of tithe and net of seed @wered by multiplying sown area from
Table 1 with net yields from Table 2. The sown drean Table 1 was interpolated where
necessary. Consumption by working animals was dérikom the numbers of working
animals shown in Figure 2.
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FIGURE 3: Non-working livestock in England in millions (10-year moving aver ages,

log scale)
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Sources: Derived from the Medieval Accounts Datap&sirly Modern Probate
Inventories Database; Allen (2005).

TABLE 4: Numbers of non-working animalsin England in millions (10-year

aver ages)

Milk Beef Calves Sheep Swine Livestock

cattle cattle units per

100 acres

1270-1279 0.50 0.45 0.50 12.49 0.77 38.43
1300-1309 0.56 0.50 0.56 14.87 1.03 40.62
1350-1359 0.40 0.36 0.40 13.72 0.86 44.83
1400-1409 0.40 0.36 0.40 10.89 0.67 45.29
1450-1459 0.33 0.29 0.33 14.77 0.69 50.64
1550-1559 0.34 0.30 0.34 11.61 0.68 38.04
1600-1609 0.40 0.36 0.40 14.72 1.03 40.98
1650-1659 0.36 0.32 0.36 14.33 0.96 33.85
1691-1700 0.38 0.34 0.38 17.09 1.01 39.18

Sources and notes: Derived from Medieval Accourgtabase; Early Modern Probate
Inventory Database; Allen (2005).
* Livestock units compare different animals on Hasis of relative feed requirements.

Ratios from Campbell (2000: 104-107): (adult cafitlebeef and milk x 1.2) + (immature

cattle x 0.8) + (sheep and swine x 0.1).
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TABLE 5: Percentages of English animals producing specific products

Milk Beef Veal Mutton Pork Wool
1300 90 15 14.1 26 49 90
1700 90 25 21.1 26 49 90

Sources: Holderness (1989: 147); Clark (1991: 2E6¢jestone (1996).

TABLE 6: English yields per animal (10-year averages)

Years Milk Beef Veal Mutton Pork Wool

(gallons) (Ib) (Ib) (Ib) (Ib) (Ib)
1270-1279 100.00 168.00 29.00 22.00 64.00 1.63
1300-1309 100.96 169.26 29.22 22.14 64.11 1.48
1350-1359 112.27 183.91 31.79 23.81 65.36 1.81
1400-1409 124.83 199.82 34.59 25.60 66.64 1.49
1450-1459 138.81 217.11 37.63 27.52 67.94 1.24
1550-1559 172.35 257.50 44.74 31.96 70.62 1.64
1600-1609 200.66 294.44 51.22 36.18 72.00 1.88
1650-1659 233.63 336.68 58.63 40.97 75.85 2.17
1691-1700 264.66 375.80 65.51 45.37 84.53 2.45

Sources and notes: Beef, pork, milk, and muttorobtained from Clark (1991: 216),
while veal is taken from Allen (2005: Table 6). Wgeeld index from Stephenson (1988:
Table 3), with the benchmark of 1.4 Ib in 1300 frBmitnell (2004: 416). The missing
years were interpolated in line with the ratio ofguct to animal prices.
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TABLE 7: Output in English pastoral farming (10-year averages)

Years Milk  Beef Veal Mutton Pork  Wool Hides Hay

(m.gals) (m.lb) (m.lb) (m.Ib) (m.Ib) (Mm.lb) (m.Ib) (m.tons
1270-1279 45.11 1132 212 7142 2419 1832 592 0.09
1300-1309 50.86 12.82 246 85.60 3241 1982 7.14 0.12
1350-1359 39.98 1050 199 8495 2757 2231 6.46 0.10
1400-1409 44.67 1224 229 7248 2198 1456 6.11 0.08
1450-1459 40.95 11.69 2.16 105.64 23.07 1651 7.23 0.05
1550-1559 52.14 16.19 292 9654 2359 17.13 7.33 0.09
1600-1609 72.13 23.47 418 138.72 36.43 2497 10.45 0.13
1650-1659 75.29 2558 452 152.68 36.30 2794 11.72 0.21
1691-1700 90.05 31.90 5.56 201.53 49.07 37.61 14.83 0.29

Sources: Total output estimates are derived byiphyihg animal numbers from Table 4

with the percentage of animals producing in Tabl&He resulting numbers of producing
animals are then multiplied with the animal yieldsn Table 6.

FIGURE 4: Indexed output in English arable and pastoral agriculture (log scale,
1700=100)
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TABLE 8: Output growth in English agriculturein constant 1700 prices

Years Arable sector Pastoral sector  Total agriculture

(% per annum (% per annum (% per annum
1270/79 - 1300/09 0.07 0.53 0.26
1300/09 - 1340/48 0.10 -0.14 0.00
1340/48 - 1400/09 -0.94 -0.28 -0.63
1400/09 - 1450/59 -0.21 0.30 0.07
1450/59 - 1470/79 -1.00 -0.48 -0.69
1470/79 - 1553/59 0.65 0.19 0.40
1553/59 - 1600/09 0.80 0.73 0.79
1600/09 - 1650/59 0.59 0.20 0.43
1650/59 - 1691/1700 -0.04 0.66 0.25
1270/79 - 1340/48 0.08 0.14 0.11
1270/79 — 1691/1700 0.09 0.21 0.15

Sources and notes: Derived from Medieval Accourgtabase; Early Modern Probate

Inventories Database.

TABLE 9: Output sharesin English agriculture, in current prices, 10-year aver ages

(%)
A. Arable products
Year Wheat Rye Barley Oats Pulses Total arable
products
1270-79 30.6 3.9 13.9 10.2 0.8 59.5
1350-59 26,5 1.7 13.4 5.8 1.7 49.0
1450-59 20.0 2.3 8.1 5.2 1.0 36.5
1550-59 30.1 43 10.8 8.5 1.9 55.6
1650-59 305 4.9 19.5 1.3 7.0 63.2
1691-1700 34.8 5.2 13.6 0.7 3.8 58.2
B. Pastoral products
Year Total
pastoral
Dairy Beef Pork Mutton Hay Wool Hides products
1270-79 8.6 2.0 4.1 11.0 0.6 13.8 0.6 40.5
1350-59 9.8 2.3 5.8 18.3 1.2 13.1 0.5 51.0
1450-59 13.3 3.2 6.1 29.1 1.1 9.3 1.4 63.5
1550-59 16.9 2.2 3.1 10.0 1.9 8.1 2.2 44 .4
1650-59 104 2.1 2.4 13.3 2.8 4.8 0.9 36.8
1691-1700 10.6 2.4 3.9 15.2 3.2 5.3 1.1 41.8

Sources: Derived from Medieval Accounts DatabasetyBViodern Probate Inventories

Database.
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FIGURE 5: Ratio of pastoral to arable prices (1700=100)
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FIGURE 6: Shareof pasturein total agricultural output

A. At current prices
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FIGURE 7: English industrial production, 1270-1700 (1700=100, log scale)
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FIGURE 7 (continued): English industrial production, 1270-1700 (1700=100, log
scale)

C. Other industries
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TABLE 10: English industrial output weights, circa 1700

%

Tin 1.7

Iron 11.8
Coal 11.4
METALS & MINING 24.9

Woollens 26.6
Leather 14.8
TEXTILES & LEATHER 41.4
Food 21.3
Books 3.6
Building 8.8

OTHER INDUSTRY 33.7
TOTAL INDUSTRY 100.0

Sources: Derived from Hoffmann (1955) and Craftal e(1989).

TABLE 11: Growth of English industrial production, 1270-1700

% per annum

1270/79 - 1300/09 0.39
1300/09 - 1340/48 0.13
1340/48 - 1400/09 -0.54
1400/09 - 1450/59 -0.01
1450/59 - 1480/89 0.17
1480/89 - 1553/59 0.65
1553/59 - 1600/09 0.85
1600/09 - 1650/59 0.59
1650/59 - 1691/1700 0.75
1270/79 - 1691/1700 0.34

Sources and notes: See text.
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FIGURE 8: English service sector output, 1270-1700 (1700=100, log scale)
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TABLE 12: English service sector weights, circa 1700

%

Commerce 37.2
Of which:
Finance 5.0
Domestic trade and transport 21.5
International trade and transport 10.7
Housing and domestic 46.6
Government 16.2
Total 100.0

Sources: Derived from Crafts (1985: 16).

TABLE 13: Growth of English service sector output, 1270-1700

% per annum

1270/79 — 1300/09 0.39
1300/09 - 1340/48 0.12
1340/48 - 1400/09 -1.15
1400/09 - 1450/59 -0.22
1450/59 - 1480/89 0.30
1480/89 - 1553/59 0.48
1553/59 - 1600/09 0.81
1600/09 - 1650/59 0.93
1650/59 - 1691/1700 0.54
1270/79 - 1691/1700 0.22

Sources and notes: See text.
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TABLE 14: Sectoral sharesin English GDP, 1270-1700 (%)

1381 1522 1600 1700

Agriculture 45.2 39.1 41.4 26.0
Industry 29.8 39.3 33.5 39.7
Services 25.0 21.6 25.1 34.3
Total 100.0 100.0 100.0 100.0

Sources and notes: Derived from reconstructioroafinal GDP by sector. Real output
trends above are transformed into current pricedgeising sectoral price deflators, with
absolute levels of GDP in current prices estabtisieng an input-output table for 1841;
1381 weights used for 1270-1450; 1522 weights @xetl450-1550; 1600 weights used
for 1550-1650; 1700 weights used for 1650-1700.

TABLE 15: Growth of English GDP, 1270-1700

% per annum

1270/79 — 1300/09 0.34
1300/09 - 1340/48 0.08
1340/48 - 1400/09 -0.74
1400/09 - 1450/59 -0.02
1450/59 - 1480/89 0.10
1480/89 - 1553/59 0.50
1553/59 - 1600/09 0.78
1600/09 - 1650/59 0.59
1650/59 - 1691/1700 0.51
1270/09 - 1691/1700 0.23

Sources: See text.
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FIGURE 9: English real GDP, 1270-1700 (log scale, 1700=100)
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TABLE 16: English population, 1250-1700

A. Levelsof population (millions)

Year Total Year Total

population population
1250 4.23 1400 2.08
1290 4.75 1450 1.90
1300 4.73 1490 2.14
1315 4.69 1560 3.02
1348 4.81 1600 4.11
1351 2.60 1650 5.31
1377 2.50 1700 5.20

B. Growth rates of population (% per annum)

Annual 10-year

data averages

1270-1300 0.27  1270/79 — 1300/09 0.23
1300-1348 0.04  1300/09 — 1340/48 -0.02
1348-1400 -1.60 1340/48 - 1400/09 -1.33
1400-1450 -0.18 1400/09 - 1450/59 -0.14
1450-1490 0.29 1450/59 - 1480/89 0.29
1490-1560 0.55 1480/89 - 1553/59 0.54
1560-1600 0.60 1553/59 - 1600/09 0.67
1600-1650 0.51 1600/09 - 1650/59 0.45
1650-1700 -0.04 1650/59 - 1691/1700 -0.08
1270-1700 0.04 1270/79 - 1691/1700 0.04

Sources: Medieval period: based on manorial ten@etstext); Wriglet al.(1997),
interpolated using Wrigley and Schofield (1989).
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TABLE 17: Growth of English GDP per capita, 1270-1700

% per annum

1270/79 — 1300/09 0.11
1300/09 — 1340/48 0.09
1340/48 - 1400/09 0.58
1400/09 - 1450/59 0.12
1450/59 - 1480/89 -0.19
1480/89 - 1553/59 -0.04
1553/59 - 1600/09 0.10
1600/09 - 1650/59 0.13
1650/59 - 1691/1700 0.59
1270/79 - 1691/1700 0.20

Sources and notes: See text.

FIGURE 10: English real GDP per capita, 1270-1700 (log scale, 1700=100)
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FIGURE 11: Aggregate and sectoral priceindices, England 1270-1700 (1700=100,
log scale)
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FIGURE 12: Inter-sectoral terms of trade between agriculture and industry,
England 1270- 1700 (1700=100) (log scale)
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FIGURE 13: Nominal GDP, England 1270-1700 (£ million, log scale)

Sources: See text; Snooks (1995: 50), Mayhew (158pb:

TABLE 18: English GDP in current prices (£ million)

This paper
Snooks Mayhew  Annual 10-year
data average
1270 4.1 4.6
1300 4.07 4.7 5.3 5.2
1381 4.2 4.0
1500 3.9 4.2
1600 22.7 25.9
1688 50.8 53.5 60.8
1700 65.6 65.6

Sources: See text; Snooks (1995

: 50), Mayhew (158b:
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FIGURE 14: Real and nominal GDP, England 1270-1700 (1700=100, log scal€)
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TABLE 23: Per capita daily kilocalorie consumption of major arable cropsand animal productsin England

Arable Pastoral Total
Population Kcal net Kcal net % food Kcal from Kcal from Kcal

(millions) of seed of seed, extraction poultry, meat &

losses & rate fish dairy

fodder produce
1270/79 4.40 2,919 1,602 55 400 113 2,115
1300/09 4.72 2,488 1,425 57 400 125 1,950
1310/19 4.63 2,409 1,376 57 400 123 1,899
1380/89 2.36 4,002 2,078 52 200 215 2,493
1420/29 2.03 3,445 1,767 51 200 247 2,213
1450/59 1.93 3,347 1,787 53 200 298 2,285
1600/09 4.27 2,954 1,595 54 200 213 2,009
1650/59 5.35 2,960 1,484 50 200 186 1,870
1700/09 5.26 2,959 1,514 51 200 236 1,950

Sources and notes: Kilocalories per bushel fontbdieval period are taken from Camplatlhl. (1993: 41). Storage losses are
assumed to have been 10%, with food conversior$os520% for wheat and rye, 22% for barley, arfth4dr oats when processed
into bread, and 70% for barley and oats when maltetlbrewed into ale/beer (Overton and Campbeli1%able Xllil). 98% of
wheat and rye and all oats not fed to livestockenassumed to have been eaten (Overton and Canif#l, Table XI). The
proportion of barley brewed was assumed to incréase 50% before the Black Death to 80% in the irdrate post Black Death
period before falling back to 63% in1600/09 anadiieg upwards again to 95% in the 1860s (Overtah@ampbell (1996: Tables
Xl1).
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FIGURE 15: Indexed daily real wage of an unskilled building wor ker and GDP
per capita (10-year moving aver ages, 1700=100, log scale)
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