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David Ricardo initially believed machinery would help workers but revised his opinion, likely
based on the impact of automation in the textile industry. Despite cotton textiles becoming one of
the largest sectors in the British economy, real wages for cotton weavers did not rise for decades. As
E.P. Thompson emphasized, automation forced workers into unhealthy factories with close surveillance
and little autonomy. Automation can increase wages, but only when accompanied by new tasks that
raise the marginal productivity of labor and/or when there is sufficient additional hiring in comple-
mentary sectors. Wages are unlikely to rise when workers cannot push for their share of productivity
growth. Today, artificial intelligence may boost average productivity, but it also may replace many
workers while degrading job quality for those who remain employed. As in Ricardo’ s time, the impact
of automation on workers today is more complex than an automatic linkage from higher productivity
to better wages. 1 David Ricardo J#1AA, HLSBAILAEBITA, BEREN T NS, ATERET
B BRI RERGLANBAREZFPRERNITIZ—, ERGTANERIE, L+45
F®H LK. EW E.P. Thompson Fr3RiAMARE, BatLBETAFEATRRI, XLET Z2™
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§1 INTRODUCTION i 3|5

The jenny simply multiplied human hands while the water-frame was a substitute for human

skill + 24 HAE ] g 7 AT, 17K 2R A SRERE K B A

—Chapman (1904, p. 53)

The Jennyes are in the Hands of the Poor and the Patent Machines are generally in the Hands

of the Rich | BRFIRERATINTH, LHYLGERE ERAE AT

—Hammond & Hammond (1919, p. 56)®

According to conventional wisdom, any increase in total productivity is ultimately good for work-

ers, at least on average.? In this long-established view among economists, technological change —including
various forms of automation —always has the net effect of raising wages and generating more opportuni-
ty, creating an engine that pulls everyone along and leading directly to shared pros- perity. This notion
of a productivity bandwagon appears frequently today in discussions about the potential distributional
impacts of developments in artificial intelligence (AI). WAL G A, B R P EATEn, &
AHAN T ITAE, ZOPFHRE NS . EAFEFATKBIDORIIM A, BORE — — 5%
R H B s — — SOE AR IR Lo G 2 ML i RN, lis 1 —Msh & AN RTEER) 51
%, HESEULRER, W4, ERTALEEE (AD RKEREBES MM e, S8 HmEr

Wages, consumption, and overall standards of living have certainly improved since the Industrial

Revolution. Technological innovation has created new jobs, opportunities, and wealth. However, tak-
ing such a long view ignores the struggles of workers to secure their fair share of the prosperity made
possible by new machinery.The fate of cotton workers in the early Industrial Revolution provides an
illustrative example. In only a few decades, several hundred thousand skilled and well-compensated
artisan weavers were displaced by a smaller number of power-loom workers who received a lower wage
while enduring dangerous working conditions. With few outside options, and an inability to adapt to
these unprecedented changes, handloom weavers suffered a precipitous fall in their real wages. Though

economic historians have debated the precise course of economy-wide real wages during the early Indus-

1This statement was made by cotton spinners to a Parliamentary Committee, which reported in 1780. It is quoted
by Hammond & Hammond (1919, p. 56), who call this “a significant complaint that marks the rise of the new order
of capitalism.” Jennys were small spinning machines, which could be operated in people’ s homes or small workshops.
Patent machines and water-frames refer to machinery that was operated in factories. 1 1IX— 5 2 HARY) A& 2
SRFW), GRS T1T80FERR T4 . Hammond & Hammond (19195, 55670 5| H T XA, AT R “br
BEAR T SUBT B MR B A4S 7 o B /N2, AT RAE AT 2K b B ME S LARAE . LRINLARFIK S8 2
BLT A HLES .

2The precise empirical meaning of “ultimately” is important here. As Mokyr et al. (2015, p. 38) write about the
early Industrial Revolution, “It is true that, in the long run, wages for laborers increased to reflect dramatically increased
productivity. It is also true that, for the Industrial Revolution, by many estimates it took longer than an average working
lifetime to do so, and in the long run, we are all dead.” “HRAT MRS E X, EIXBEREE, EMokyrdE A
(2015, 33800 FEMREN T Tk Fa i BT S BIEE, “ KRG, 557303 O Lot tgin, DURBA ™ I 1) Sl
$E. FFE, XTI ArsR YL, B2 A, REBEW P TELSaERKIN T, AEE, RAINHLT "



trial Revolution, the collapse of wages in weaving is incontrovertible. ® All the data suggest that real
wages for handloom weavers more than halved between 1806 and 1820. H Tk Ear Lok, T8, 78
PRI, BEA P& . BORCIF8IE M Hrsnlile . Sl s . 281, AKEkE,
BT TN IR A7y FHHLES 1 R B R T REAT 1 2k 5o DMV dn RAIRRAE T A fnis, $R4t
T AUHIERIG] T FERR LR, B I BORIME . IRI-FE KT LU0 T, #bHsh 435
FLT U, XL TNAE 2GR TAE R FER, 38 VBRI T8 . BBk, ik
T X EEHT PR AL, FGU TR SEhr L8 SUn Nl REGTD %5, Ll 5.4
BANZTHRR LR TR RS, AT 7RG, HY7900M T3 HBE LA $0.  Pra k&
B, 18064 #1820 4 [A), TR LHYSERr LH, L b

David Ricardo, a founder of modern economics, was an early and influential proponent of the

productivity bandwagon (Ricardo 1817). In a much-quoted line, Ricardo told the House of Commons in

1819 that “machinery did not lessen the demand for labor.” This fit his broader view, again frequently
referenced over the generations, that the spread of factories and large-scale production would necessarily
benefit workers. | David Ricardo, EIRETFEEMAIGEN, W2 1B 1A 5200 77 (0 SCRF
# (Ricardo 1817) 18194F, Ricardo #£ FBE AR T —FIH 2 91 FHHUIE : “HLas I BcAT I X 55 50
JIIFE K7 EFFE RN RS E 5l -2 s, BRI MR R A P~ 45K, b 9R 28 T

N3 fi o

Shortly after 1819, however, Ricardo revised his thinking on this key point. For the third edition of

On the Principles of Political Economy and Tazation in 1821, he added a chapter, “On Machinery,” in
which he wrote, “It is more incumbent on me to declare my opinion on this question, because they
have, on further reflection, undergone a considerable change” (Ricardo 1821, p. 282). In a private letter
written in the same year, he further added, “If machinery could do all the work that labor now does,
there would be no demand for labor.” ® 1 #Rifj, 181955 A, Ricardo &L T fth XX — I s i)
ik, FEISQQUEHRE CRBUARZ T MBS 55 =hh, fllgm 7 —& “iehlda”, ek
HSIE: CREA THEIX A R RSN, Fov@d B8, g kA THBERERL”
(Ricardo 1821, #528200) . fEFIFE K —E R NG, ik — Db 7838 - “ i LS BE 58 LA 57
AT TAE, MASH T8 TR

Understanding the context within which Ricardo shifted his thinking provides insight into why the

productivity bandwagon can so easily break down. As a member of Parliament on the Select Committee
on the Poor Laws, Ricardo witnessed first-hand the consequences of power looms in the cotton industry.
These observations likely influenced his revised view of the impact of machinery on labor demand.
Hf# Ricardo FAZ AERT 5, AT LIRS A8 TR Witk 25 2 iiint o 1B DTN Z5 i 2
51, Ricardo SEHR HBE T 8 I NAERBAEAT ML 52 o X LEWLEE, W RERZNA 1 AR LN 55 5 /)
i R EZ I A 1E AW AR

Despite this substantial update to his worldview, Ricardo remained firmly focused on narrowly defined

3The best available data suggest that conditions (including wages, consumption, and public health) in highly innovative
places such as Manchester were appalling in the 1830s. Prosperity was more widely shared later, likely after about 1850.
WA M I R R, 19t Z0304RAR, AR S5 5 [ QBT 10 7 1 S A (AR L8 L WA AL BAD) & Nt
Jak, BRAGR T HETIZI0 S, WRERIEIS50E L .
4Sraffa (1951, Vol. VIII, pp. 399 - 400), letter dated June 30, 1821. Sraffa  (19514F, ZH/\E, F399-
40070, 18214F6 H30H 1If5 -




economic factors, that is, how technology influences worker productivity and, via this channel, its im-
pact on wages and employment opportunities. The questions of who had power in factories, the value
of worker autonomy, and working conditions more broadly did not feature significantly in Ricardo’ s
writings or speeches.The importance of these issues during the Industrial Revolution was articulated by
E.P. Thompson, most notably in The Making of the English Working Class (Thompson 1966). + /X%
Ricardo HTHFEIA 1 S2mi v i SEHT, (E A TS SR U2 i Hh Oy AR LI A BF IR 3R, RISOR AnART 52 TN Y
A7y, B — RE R LA WEE T BIMERI1. TABRMME LR E 2
) TAESFAF S H A, 7 Ricardo HIZAEBE YT, JRRA 3] 224140, E.P. Thompson, JEHAE (3%
B T ABrRTERD)  (Thompson 1966) H, IR 13X 46 ] BUAE T 2 iy 401 8] ) 5 248

Writing in the early 1960s and drawing on a wide range of sources from the early 1800s, Thompson

(and other historians in the Marxist tradition, such as Eric Hobsbawm) argued that the spread of the
factory system did not improve the lives of workers in the innovating sectors (such as cotton) and had
only limited positive effects on workers in other sectors. For Thompson, the movement of workers into
factories shifted the balance of power between workers and capital, and consequently working conditions
deteriorated. + Thompson CFIHAh & v 3= AL G P 225K, W Eric Hobsbawm) 7E201H 206044 H]
AR, JHESE T LHIRRE TR, YONT) S EERIALRE, IR SEE QIR CiigE) T
A, AR T TN A BR o XF Thompson Kit, T AZENT) #iEsh, s 7 T A%
AR NAIIRL T~ DR AR 2 A8 AL T

Specifically, workers lost autonomy over their lives; they were increasingly forced, because of a lack
of viable alternative sources of income, to work long, monotonous hours in unhealthy conditions, while

also living in overcrowded and highly unsanitary cities.? All of this was made possible by government

coercion which actively prevented workers from combining (i.e., bargaining collectively) to push for
higher wages, better working conditions, or political reform.  EAKTE, T AR TXAEEMHEE
B TR Z AT BB ARISON SR, AT B R BRAR B AE AN ) S A1 AN ] B3t AR, [RINyE
AR B AN A AN AR b e BT X — V), AR BT BUR B SR IS R, BURFAR R
BEIE T NER AR CRDERARTRAD S BUE i 5% . SE 47 B AR 2 AR BRBUA B

In previous work (Acemoglu & Johnson 2023), we propose a framework that blends Ricardo’s and

Thompson’s ideas to clarify when new technologies improve the lot of workers. For the benefits of

growth to be shared, the right combination of technological and political conditions must exist. ¥ £
B TAE (Acemoglu & Johnson 2023) 1, FATHEH T — M ElA Ricardo & Thompson HEAHIHESE,
PR BT RO AT 2038 1 TRz 9 1 0 SR IIFAL , b AUAAE R RBUA 26 IR A & .

New technologies can reduce the value of marginal productivity for workers even as they raise

average productivity. ® Most saliently, automation—the substitution of machinery for tasks previously

performed by workers—displaces workers and can reduce, rather than increase, the demand for labor.

5As put by Mokyr et al. (2015, p. 35), “The problem with the factories was not in the low quantity of work they
offered, but the low quality of work in the mills.” + IE#1 Mokyr 28 N\ (2015, #53550) Arif, “ T.J AR EEAAE FAihAT]
RO TARRA, MET L) K TR R

6The short version of how this can happen is as follows. A technological improvement increases output for given
quantities of factors of production and thus raises average labor productivity. Demand for labor, as well as employment
and wages, is determined by labor’ s marginal productivity (or, more precisely, by the value of the marginal product of
labor). The general presumption is that average and marginal productivity of labor should move together, but there is no

theoretical guarantee for this. They do so when the aggregate production function of the economy can be approximated by



This is what happened to handloom weavers. + B AR A PLBFAG T N BIILBRAE = 2804008, BMAEEA]
w7 Bl NEEREZ, Baifh—— HAVLEAE DL H TSR ES — B 7 T
N AT RAAD T AN 3G It 57 3 T i 3K o Xt & T 24U TG 4.

Automation does not necessarily mean the impoverishment of labor, however. First, when au-

tomation significantly increases productivity in some sectors, it can benefit labor. This could be either
because automating sectors themselves grow sufficiently and demand for labor in non-automated tasks
increases, or because other industries producing complementary products expand their hiring. This is
what took place in the last decades of the eighteenth century as various tasks in spinning were mecha-
nized, and this automation process triggered a massive expansion in handloom weaving. Even in such
cases, however, automation tends to reduce labor’ s share of industry value added and, more broadly,
labor’ s share of national income, so the productivity increase benefits capital more than labor. ®
SR, BB, A —EBWE TSI . H%, AR R R AT A R, e
PAMES7 8 )15 . XA RER BN B s AT LA B R e 78 73, W AR B S AR5 19597 8 0 /5 KA,
AR AR R 9 A 7 EAN T il (R HARAT LA R T RS . Xt st i R LR R AR S, g
S AT ST AR NUMAL ), X — B3R, 51K 7 GUL RIS 5K . SR1, BIEAE X A%
. BB, WAEAE S FRARST 3N UAE T IME TP A B, Bz s, B S PR ST B A I RSN
A BRI, ZE iR e, RS IR E £ .

Second, and more powerfully, automation can be coupled with the creation of new tasks, which

raise the marginal productivity of labor in new activities and overall labor demand. ® Although such

a Cobb-Douglas function, which imposes that these two quantities be proportional to each other. The same conclusion also
applies when the aggregate production function exhibits constant returns to scale and the cost of capital remains constant
even as the demand for capital increases. In general, however, there is no such guarantee, and automation—defined as
machines taking over tasks previously performed by labor —expands the wedge between average and marginal productivity
of labor (see Acemoglu & Restrepo 2018, 2019 for discussion). + IXFRFHLAMA K AE IR ERR AW TR . FARMGE, e
Ve BRI A TR R, IR E TR A R X9 Eh AT B LR R K, = 57 A ) i bR A
F(EFE BRI, 257 3R SO ED e . — BRI, 553 I A bR e R 2 8,
{EXFERR IS B RIUE . 25T LA B CRT LUHI AT AT A% v T R B A, BT XA, % R BRI
AL 2R AR R BRI R E AU A, JF HLRRAE B AR TR SR, BEA A IR AR, [FRE
Srigtd M. SR, SR, BOAXAERITRIE, FhE SCRIPLE, 38 BT B 97 30 I PAT BMESS, 97K T 97800
HIF YRR bR A 7= 2 2 A I Z28E GH8 ML Acemoglu & Restrepo 2018, 2019) .

"Because automation reduces costs, sectors adopting automation technologies may expand employment and thus in-
crease hiring in nonautomated tasks (Acemoglu & Restrepo 2019). Whether they do so or not will depend on the demand
elasticity for their product. Additionally, automation in one sector increases incomes and demand for other goods, so that
other industries may start hiring more (Acemoglu & Restrepo 2019, Aghion et al. 2019). Via both channels, automation
may end up increasing the demand for labor and thus equilibrium wages, but there is no guarantee that it will do so.
Acemoglu & Restrepo (2019) provide a simple decomposition of the full effects of technological changes, including sectoral
reallocation of labor, on overall labor demand in the economy. 1 HT Hz{k FeAR T AR, K B s BER 4T AT
R Railk, MM naE A ST HIFETE (Acemoglu & Restrepo 2019) o A T2 B X A MO B T H = K 7 3Rk
B BEAL, —AMTARE E SN TSR HoAh R R R, B A AT AL T e T AR R EE 22 N (Acemoglu
& Restrepo 2019, Aghion5F A2019) . MILIXFFIRIE, HNMRATRESIGINNT 57 8) J1HI K, IS IN Hiwages,
HABELRIEE 21X FEfle Acemoglu & Resterepo (2019) X435 ARAL ¥ B &M MREAT T SRR 408, EL4E57 30 10
ITEF A, LB BARE I F K.

8While automation reduces the labor share of national income, and increases in the physical productivity of labor have
ambiguous and generally small effects on the labor share, new labor-intensive tasks increase the labor share as well as

wages and employment, because they reinstate labor centrally into the production process (see Acemoglu & Restrepo

2018, 2019). + B ESLERAR T WO §55 30 0 608, I 555 30 70 S B ™ 2 (K89 It 55 30 70463 B R 2



new tasks were important in the second half of the nineteenth century, they were not a central feature
of industrialization until at least the beginning of the railway age in the 1830s and were not widespread
until after about 1850 (Acemoglu & Johnson 2023). + Fik, A IR, BT LLEHAES A
ARG, X R NGB 55 ) R bR AR AR T B ) oK . RAE XSS, fE19t TR
PR E L, H /R0 30 EACERER AT AR B/, EATIIFA R T DR, B 318504
TEHAFE)) 2N (Acemoglu & Johnson 2023) .

In line with Thompson’ s emphasis, even technological developments that favor labor are not
sufficient to guarantee that workers will benefit. Whether workers gain or not depends on who has
power. When political power is in the hands of a narrow elite and workers lack the ability to bargain
collectively, their wages and working conditions may not improve. ® The fact that British workers lacked
both political voice and the legal right to bargain collectively is critical to understanding why they did
not benefit from productivity gains during the early stages of the Industrial Revolution. 5 Thompson
R —2, B RAHM T IR E, WA RUMRIET A% 3. TARGZa, kT
AR BBUAGEU ERAEDBOEEET A, TS ZEERAIRIRE IS, A8 TR M LA KA, 7]
REASRRINGEE . el T AR ZBUA K S Wik Z AR TRAR EVERUR], 1X— 38500 T BN
HAAATIAE T 2 i B N R R m 2 i R, ™

Both the technological and political pillars of shared prosperity remain important today, including

in debates about the potential impact of AI. For this reason, understanding why Ricardo may have
changed his mind remains highly relevant today. In the early 1820s, Ricardo reconsidered the produc-
tivity bandwagon after witnessing first-hand, and over at least a decade, the consequences of the first
Industrial Revolution. In the 2020s, we should be able to learn from history and apply relevant lessons
more effectively. It is not unreasonable to want to do better than Ricardo’ s generation in terms of
ensuring that potential prosperity through innovation is more equally shared. 1 FEZEEZESEHH AR FEL
B, T ELIE AR /N, (BB 57 Bl 8 SR R S5 19 I 17 57 30 0 8 DA S Bt Fgialk, PR e A TR 57 8l e i R 31 4

FEI R R (JLAcemoglu & Restrepo 20182019) .
9In settings where wages are determined via bargaining, low bargaining power of workers would lead to most of the

gains from new technology being captured by firms (or dissipated by additional firm entry). Pissarides (2000) provides a
textbook treatment of search-and-bargaining models. More interestingly, some types of technologies, such as those that
facilitate monitoring, may shift bargaining power or quasi-rents from workersto firms (see, e.g., Acemoglu & Newman
2002). In addition, in models where employers have access to coer-cive capabilities or other ways of shifting quasi-rents
away from workers, an increase in productivity can be associated with lower wages (see, e.g., Acemoglu & Wolitzky 2011).

FE Tl A E I OL T, TARIBUNRE IR, RSB HOR R 7 e e 2 71 3R A5 CBRIRARSM 1 2w BE
MHHD « Pissarides (2000) X8 A B il MR, BEAT 1 20U AR B . SEA R, FEERRHEOR, Wikt
AT RERER, ARl N 5 /B HERL G N TN # 2~ 5] (2 M AcemoglufliNewman 2002) . ItAh, 7EJE T
T LA S T B 7 2K L A TN £ L BB OB, textcolor(rab]0,0.5, 07 7 6 (AT T A S5 B
B LA K (B Acemoglu & Wolitzky 2011)

10Less than 10% of the British adult male population was allowed to vote before 1832. The political system of the
eighteenth century was dominated by landowners, and protecting property was a primary goal for the political system
(Williams 1939). This changed with the rise of manufacturing in the north of England, but initially only so far as
increasing the economic power, and then the political voice, of the people who owned factories. For most of the nineteenth
century, these owners of capital were more directly in confrontation with worker interests than was the aristocracy (see
the discussion in Acemoglu & Johnson 2023, chapter 5). | 18324E2Z 7, RE A F)10% M FLH peaE B o 2. +\
LS ABUA B R it 3 5, R PR BOA T K EE B AR (Williams 1939) o B JkE 2 ALERH1EGE LR, X
M BLACLE T AR, AR RN 7 T B # RIS, SR RBUA A & o E19H1E L0 AR EE 7 I (8], aX L6t
AT LSO B 5 T AFIZE X 3T (ML Acemoglu& Johnson 2023385 AT 18)



ESCHE, AESRIMREZ, AFREXT N TR BB RS . K, BA# Ricardo A REHAL
FEEAEE, 5 RURIEH EE . 191202054, RicardofE2RIR H I 15—k Tk Ay =0+
FERERE, BHEE 7R, 2120209 AX, FRATRZAE S P 52t IR0, 5 2ot
AR R B B0 o FERA ORI B3R S VB 7E SR AT 2 P45 1 7> = 07 1, AR H Ricardo X —
NG ELF, AR A IERE
This article explores the rise and fall of handloom weaving, based on the best available evidence
regarding how relevant measures of real wages changed in this early phase of British industrialization.
Section 2 sets the scene, with the rise of cotton as a large part of the British economy after 1780.
Section 3 reviews what is known about when exactly Ricardo changed his view on machinery. Section 4
contains our analysis of what happened to handloom weavers, in terms of nominal wages, real wages, and
employment and of how long it took for offsetting positive developments in other parts of the economy to
emerge. Section 5 incorporates ideas highlighted by E.P. Thompson, which further emphasize the ways
in which automation made many handloom workers (and others) worse off, at least until industrialization
significantly boosted the demand for labor. Section 6 links these historical developments to what we
are likely to experience in the age of Al and emphasizes the importance of choices on whether new
technologies automate work or create new tasks for labor, whether new technologies monitor or empower
workers, and how institutions evolve to share productivity gains (or not). Section 7 concludes. Our
Supplemental Appendix reviews the wage and price data from early 1800s Britain in more detail.
AT A F R AR, TR0 T TOWLUE RN EE, IXEIERR Y], FETEE Tk Ak i 510 B
SEBR B AR DGR, R . B2 PR T 17804F 5, MRAEAE o [ 20 % B B2 20 Jl it 4 1) i
e F3FTEE T Ricardo TN B8 7 XIHLAS B VL. SB4T5 A& AT FLWLEUE LR AR HE 1)
I3HT, BAEAL SO bR e Ao, DARZHRIE HoAth 28 B S0 O AR R R BT 5 OIS 1) o BR55 45 &
T E.P.Thompson5® i FW 5i, MRt —L58i 1, B Eir2 FAWLIT A CRI3LAMAD 1)
AbSE AR S, /AR TV B B 5 IR 7N JI i R, RIXFE. BB6T R ey s R e 5 IATFEN
AT BRI IEN, BRI, JFomil JRBFHEOR, & B TARIE & V578 1 8&EH
RSB, FrEOR AR 2T TRy, DL ey & e DAy 22 7= e i . (B3R
Do SBTIEE A FRATIAN AP, ST VR [T 1 19tH 2047 9% [ ) T B AN A 2509

§2 THE RISE OF COTTON { #8{£aI¢#E

Most narrative histories of the Industrial Revolution emphasize the importance of the British cotton

industry as one of the first to see widescale adoption of machinery in factories. The development of
spinning machines in the 1770s signaled the beginning of the sector’ s transformation. Broadly, the
production of cotton textiles begins with spinning raw cotton into yarn, which then must be woven into
fabric. The dominant industrial fact of the late eighteenth century was that the use of machines to spin

cotton greatly increased labor productivity. ™  KZHOCT Tk -y FIRURYE Dy sb, AR5RE T 9%

1 The back story is slightly more complicated. In the early eighteenth century, raw cotton was imported from India

and other colonies, in part because trade restrictions limited the import of cotton cloth or clothing at the behest of the
more established British wool and silk industries. The first significant technological improve-ments were in weaving, which
boosted the demand for yarn and encouraged the development of machines for spinning. However, those early weaving

machines were what became known as handlooms; they were worked by one person, often with assistants (typically family

10



RRAE TV A B B, ROAE R R AL T KBRS BAT 2 — . 181 70FARYTELIT A e,
W EEZATE TG | B, Mgigim A", T4 RN T b 2, SR I5 W A 20 2 24 ik
2.+ )\ LRI FZE TV RS, HNERIIURIE, KRR 1 978 %,

In the early 1700s, it took over 50,000 person hours to spin (i.e., turn raw cotton into yarn that could
be woven) 100 pounds of cotton. Indian spinners were regarded as the most productive in the world,
and they produced the best-quality product. From 1760, however, this labor equirement fell quickly as
machines were invented and quickly improved. Labor required was 2,000 hours per 100 pounds of cotton
after the introduction of Samuel Crompton’ s mule in 1780, 1,000 hours after the introduction of the
100-spindle mule around 1790, and just 300 hours with the arrival of “power-assisted mules” around 1795
(Chapman 1987, p. 20). These machines represented a significant capital cost, and all were deployed
in what were then large factories, initially with several hundred workers, rising quickly in some cases to
between 1,000 and 1,500 employees (Freeman 2018). Putting machines in factories allowed owners to
control who had access to the machines and to determine working conditions. + fE18tHZH], F510085%
FRAE CRIREJE R AR BT A SN 20 2D 5 #5772 NN o ENJEGTZ0 ) Bl 2 5 b B f i,
AT B i BB A i o AR, ANLTGOSETTAG, BEA AL &S B A B AR 5k, 31X — 5530 ) i SRt
P& 17804F 5] ASamuel Cromptonf{¥-1Ji, BE100BEHEAE T 75 1157 3) 1182000/, 17904 72 45 5
A1005E 58 J5 1000/, 17954 A4 “ Bl 3R 1 1l /5 AN 75300/ (Chapman 1987, 5520 U1,
XEeHLE, R TERKBRARA, X, MEaEsn R8T &, BYa)La4L
N, FEHEEAFLUT, BN $] 100050150044 53 T. (Freeman 2018 o 4HLAHAE L) HL, k37T EA
e, wEnT DME I BLES, JF e THE& M. &

While the industrialization of spinning displaced some proto-industrial spinners, the explosion of
cheap yarn in need of weaving created new and lucrative employment in handloom weaving. Prior to
around 1820, weaving remained a cottage industry, primarily performed by men, women, and children
in the home. A trade that was easily learned, could be performed in the home, and required minimal
upfront investment, weaving attracted thousands, including many former spin-ners (Bythell 1969). It
was in the context of this golden age of weaving from around 1780 to 1800 that Ricardo likely formed his
early views on automation and labor. However, coinciding with the growing adoption of power looms
during the 1810s and the accompanying collapse in handloom weavers’ wages, Ricardo’s views changed.

BT H TAABUAR T — 2 JFUR Tk g 2b ], {H 5 24U B B 20 2k i 1 U K O 95 2L 6
& T ANE RIS . FE18204E 2 A, SUANIRE — Mo e T Tolk, EE B N L AMEZ
THEF B TER. G —MIRE 5% 2 AT LMER BT . R EARD AT R B 5 5, sl 1%
TN, HA UL ATS120 (Bythell 1969) . 1EZ7E17804F 2 18004F /& A7 FIZUE B I AR, Ricardo
members), and at home. T S A — L8, 18200, AR A B EEFH A 5 B Mgt 11, 6843 J5 DR 2 57 5 PR
PR Y 7R BT AR S B S B2 P TV ZER R, o O BUIREE . 58— IRE R BOR o, —AELUE T TH, X m
TXELINTER, I TP PERIIRRE. R, IR IR AL, 2S5 RBHA handloom MHLES, Abf1H

—MNNEFR LA, BHETF GEFREEMRTD .
12Not all the inventors prospered. This was a highly competitive industry, and the big profits fell into the hands of

those who could grab market share and defend their intellectual property rights. Richard Arkwright became fabulously
wealthy from his efforts in the spinning industry. Crompton died poor. Hobsbawm (1996,chapter 2) has a good discussion
of profits and entrepreneurs. { JFAEFTH PR ARKIBLINT o« X&E— A5 BT, EFFNE, SN T LG
o 5T M AR AR BU A FH . B Richard Arkwright IS TES OIS I BHILE A « Crompton JE1FIR
55 o Hobsbawm (1996, H2%5) X REAIY KT TIRGHE .
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ATRETE B 1 Atk B sk A5 sh i F U . SR, BEE 19t 210980 S 2 WL H 255 Az, DL A Bl
Z MR F NG T L% TR, Ricardo HIML A KA T 481k,

§3 RICARDO’S PIVOT + RICARDO M35

In 1817 the first edition of Ricardo’s Principles made no mention of the potential ill-effects of ma-
chinery on workers. By 1821, however, Ricardo had apparently changed his mind on this point —hence
the chapter “On Machinery ”in the third edition of the work, which appeared that year. {18174, {Ricardo’s
Principles) 5 —hi, WA RBINLZN TANFIEEA R, S8, 218214, Ricardo BARTEIX — K
R T S B, MEHRR A =R, A E R . =

One possibility is that Ricardo was swayed by John Barton’ s (1817) Observations on the Cir-
cumstances Which Influence the Condition of the Labouring Classes of Society™ However, Ricardo
had considered and rejected Barton’ s argument in 1817 when drafting the first edition of Principles,
so his change of opinion is more likely to have been spurred by events.™ Ricardo became a member
of Parliament in 1819, and while no one has spotted a particular “aha” moment, it seems likely that
current political conditions played a role in Ricardo’ s change of mind, including repeated expressions
of anger and frustration by handloom weavers (Henderson & Davis 1997). + —#m] g &, Ricardo
%% 7 John Barton (1817) {&T M55 BN At 2 ROLA A BT FIMEL) 52, SR1M, Ricardo
FEISITAFATHL (JFHL ) 55 —hif, B IEHAELE T EMirwe s, Bk, Mps S8, BHa RS
PESIEERT . Ricardo T 18194 MU b, BAREA NI —MRe il i “WTng ™ i 21, AEALLF- 24 i B
WA, 1E Ricardo U TR I7HRYE TEH, G4ESUG LI LA U A% (Henderson &
Davis 1997)

Hammond & Hammond (1919) provide a detailed narrative history of cotton workers’ grievances
and protests. These complaints were not new in the late 1810s, but they reached something of a
crescendo in 1818 - 1819 (pp. 112 - 18). Concerns about wages and frustration regarding the lack of
parliamentary response increasingly led to demands for reform, meaning expanded representation in the
Parliament. This push for democracy was seen as threatening by many members of the elite. A major
demonstration, with perhaps 60,000 people expressing support for political reform, was broken up by
force in Manchester in August 1819. The so-called Peterloo Massacre shook the country; the link to
handloom worker discontent was evident (Hernon 2006, pp. 22 - 24).™ Hammond & Hammond (1919)

13We should point out there are various plausible views on what Ricardo meant by adding this chapter. In the reading
of Mokyr et al. (2015, p. 33), for example, Ricardo felt “that in the long run higher productivity would lead to higher
saving and eventually rising demand for labor.” + FATNZFGH, X TZFZERINX —ERE X, H&F AW &
flhn, 7E Mokyr % A (20154, 33300 [MIBELH, Ricardo WA “ WKIZRE, LK S8CE R4S, IF
RESFET TR, ”

MHayek (1941, p. 424), Sotiroff (1952, p. 94), Gourvitch (1966, pp. 58 - 59), Henderson & Davis (1997, pp. 576,579),
and Schumpeter (2006, pp. 650 - 51) all note the similarity of Ricardo’s reasoning in “On Machinery” to Barton’ s
argument in Observations. { Hayek (1941, 5542471) . Sotiroff (1952, 5594 71) . Gourvitch (1966, 5558-59T1) . Henderson
& Davis (1997, 2£576579T0) F1 Schumpeter (2006, 650-5171) #BVE & F, Ricardo 1F CIEHLI) iU, 5 Barton
TE CMEE) W IIRIEARL

15Barton wrote to Ricardo directly arguing that machinery could reduce labor demand. Ricardo rejected this argument
in his response dated May 20, 1817 (Sraffa 1951, Vol. VII, pp. 156 - 59). 1 Barton HIZ5 5% Ricardo, A AHLE AT LA
/D958 17 K - Ricardo #E18174F5 20 H IR o, BUF 13X iR Al (Sraffa 1951, 55645, 55156-5900)

16The Peterloo Massacre took place on St. Peter’ s Field, Manchester. “Peterloo” is an ironic reference to the Battle
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PEAIRUAR T ARAE LN BIAS AP . XA, E19H 10 AR IFA B, (H1E1818-18194F
IRE T (H5112-1800) « X BT AYHEYE, AUk = 0] N FH BRI 3 B T U 2
K, REWAET KT W ARRN: . IXR R E S, BvF2AESEH BB . 1819581, 211
Wk KL T — I KRR BOE 3l 29673 NROR SCRPBUR B, (H il 3K EL. FTIEH) Peterloo
KEF, BIETEANEZK;, 5FLWLTAANFHRERZ M2 WH (Hernon 2006, 5522-2451)

In contrast to the intense and repeated debates about power looms for weaving, earlier protests
against spinning machinery had not proved long lasting. Hammond & Hammond (1919, p. 56) point
out: | X THENZMHLLUE FEEIA R S RBRRAR S, FECIHEXT 7 20U P, A RRER
% A Hammond & Hammond (1919, 55650) fi5 i :

After these riots in 1779 the workers made no more attempts to check the introduction of
machinery for spinning. The reason no doubt lies in the fact that whenever any labor was
displaced by the introduction of any particular species of machinery for spinning, it was soon
absorbed by an expansion of trade. Many of the economists of the day, with this example
before them, came to think that the introduction of machinery would be a similarly painless
process in every case. The weaving trade offered employment to any surplus labor from
spinning. | 1779 R LEEEFL 2 J5, T AMIAFHRE L EGT 2N TIN . = TokE, JR
BRIE T, B AR 57 30 75 IR 51 BEAR A4S 58 R 10 G5 D AU T B AR, e AR DUt 2 4 B7
G KR A T IXA T, B2 L5 EZIT RN, EAEMIB T, SIANL
& AR A AR JiRH 5, NGRR3R g 1 L.

This relatively positive experience with spinning machinery helps explain Ricardo’s first take on
the issue, for example, as expressed directly to Barton (in a letter on May 20, 1817; see Sraffa 1951,
Vol. VII, p. 159): “[T]here is no new creation of machinery which entirely supersedes the use of the
labor of man.” (Readers are referred to the discussion in Henderson & Davis 1997, pp. 577 - 79.) { 1X
FABRT AR I 2P WL A 255, A Bh TR Ricardo XX AN ] @) 58— BV, W, B4R Barton
FIEMIM T (FE18174E5 H 20 H 1 — 35 s WSraffa 1951, #5-64, SB159T0): “ B LM Hi HHL 2% A1
i, IR ANRTT BRI .7 (3% 0 2% Henderson & Davis 1997, ZE577-79 01118 .)

From 1819, Ricardo was a member of the Parliamentary Select Committee on the Poor Laws. In
this capacity he was undoubtedly aware of the overwhelming evidence that a large number of workers
struggled to earn a living. In his maiden speech, on March 25, 1819, he acknowledged “the inadequacy
of the wages to the support of the labouring classes” as one of “two great evils for which it was desirable
to provide a remedy” (Cannan 1894, p. 414). 1 MIS195EFF4H, Ricardo & W EHF VLR R4
IR . FEIRANER b, A JosE SRS, RE T A BT LA R EIVEIEE . 7181943 H 25 H i)
HOAEPE, AR T8, AR USCRE TR & 2 “ i EAN B R FR% 2 —” (Cannan 1894,
41470

By 1820, as we discuss below, Ricardo had good reason to think that the introduction of improved
weaving machinery, specifically the power loom in factories, would not necessarily —or any time soon—lead

to widely shared prosperity.To better understand this critical period of economic upheaval, we now turn

of Waterloo in 1815. For further details, readers are referred to RZZps://www.peterloomassacre.org/history.himl]
WG RERREML SR BARRG . “HEE” BT 1815E A AR FXELIEMER, ESH

hiips://www.peterloomassacre. orq/history.html |
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to the best available evidence on wages and inflation, which confirms that Ricardo’s concerns were well
warranted: handloom weavers suffered greatly with the adoption of power looms, and unlike the case of
the spinners before them, there was little compensatory wage or employment growth elsewhere in the
economy. | F|1820%F, WA NI THEHIHFE, Ricardo A A HIELHIN N, FIA MG ZIEHL
&, Rl T s WL, A — — AR BRI — — 2 BB T IR Oy 7 A
I — 2 G 5037 B RSB 3, JRATTBIAE R 7] 5C T L 52 Al BRI IK Y S AR IE S, IXAESE T Ricardo
I, RAARSEEE: FHWLUG L, R HSUHIINER BRI, 5ZHiNgig TA
A, G5t b oAty , JUF-3AAMETER T8 . Bl K.

§4 LABOR DEMAND AND WAGES IN THE EARLY INDUSTRIAL
REVOLUTION t T Eda i masi hEKRKSTE

We start with the wages and employment of handloom weavers as the power loom was adopted.™
As discussed in the Introduction, the impact of automation can always extend beyond the tasks that are
automated, and broader effects can manifest in various ways. Moreover, as we have already emphasized
and as illustrated by the example of the early cotton spinners, automation can trigger the creation of
new tasks or even new opportunities in related —upstream or downstream—sectors. 1 FATMN L& FF
ZGUE IR, BOURM TE104WL. 1B 5 Ay ie i, BaifbrIszm, SUenT Lok E shik
FAESS, SE) 2 e, W] LS & F 07 sUABL SR thAh, IEanRATEAsmif iy, UG
BT P, B SR EAER SR B ER R AT, SRR 55 2 0IEF L2
After handloom weavers, we turn to data on other cotton workers (factory operatives), and then
to other sectors for which there are good data (mining, building, and agriculture). Finally, we assess
the best available series for economy-wide wages. Drawing on this evidence, we find that real wages
for handloom weavers collapsed between 1800 and the early 1820s. Despite real wages nearly halving,
hundreds of thousands of people (mostly adult men) remained in the profession. EFLRLAHF L
Je s PATE AL TN (L) #84F 5O i08dhE, 858 m A R BRIk CRE™ . @ s
Rl o wfa, WATVEE T AR T e H AR5 R3EX —IEd, FATKI, 7218004 21911
20 HW], FHRLUT TREPR TRACE MR 1o RELRTHE, JLFRE, BaEHm A (FE
e R T kN IX —1T ks
With economy-wide real wages stagnating until at least the 1820s, we find little evidence for offset-
ting employment or wage gains in other industries. For all wage developments, we discuss the nominal
numbers first, with a preference for series in shillings and pence (the most transparent and easiest way to
compare across sectors), and then convert them into real terms. Over the decades, there has been some
debate about the best consumer price indices to use, but this has now settled down, as we review in the
Supplemental Appendix.  HTHANEFHARRSEPR T8, 2/D7E19H 2020 /1 — BAZ R AR,
FATVEI, JUPBATUEYE, T AR HoAt AT W Aol s T G 3T oy TR R, JATE IR
2 ST, RSB S MBI 81] GBS0 BB I T BRI 70D, SR 5 H HL 4y S b
70ur historical discussion draws directly on the best available data sources, most of which have already been used
effectively by leading researchers such as Hunt (1981), Mokyr (2009, chapters 7, 18), and Allen (2018). + F&AITHI B 521+

W, BEAEMEETIA M BAEEIEE, Hrh kY, O Hunt (1981) . Mokyr (2009, %57, 18% ) Al Allen (2018) %575
R FANRA AL
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e JUTEER, RTMMGEERENRIES, —BEAAE L5108, HIENBATAEFN TR 5 0]
MARRE, X — SHE AR T .

§4.1 The Cotton Boom | ¥Rk

The productivity boom in spinning converted cotton from a modest cottage industry to a major
sector in the British economy. In the early 1780s, the cotton industry was small (accounting for about
1% of British GDP), rising to 4 - 5% in 1805 - 1807 and to 7 - 8% in 1811 - 1813 (Chapman 1987, p.
55). There was a matching, and dramatic, increase in the UK annual import of raw cotton from 26m
pounds in 1791 - 1795 to 300m pounds in 1831 - 1835 (Chapman 1904, p. 144). ™ Cotton manufacture
was the booming industrial sector of the early 1800s in Britain. ™ gig I E S, BRfe A—1
AN K 28 T T AR S (W 255 1) E 2R T o 181 Z0804FEARA), HAE ™ MR/ (4153
5] [ P4 A = B 1% ), 1805-18074F, 3 %24-5%, 1811-18134FH%37-8% (Chapman 1987, (5571) .,
S AR AR RE B, AN1791-17954FE #2600 /3155, 19N %1831-18354F 134415, 1R AH 21K (Chapman
1904, 2514470 . MRAEhliEl, & 19t 200 5% [ 3 2 R R i Tolli ]

Cotton goods became a major export from Britain. In 1784 - 1786, total British exports were worth

12.7m pounds, and cotton exports were valued at 0.8m pounds (6% of total exports). By 1814 - 1816,
total exports were 44.4m pounds and cotton exports were 18.7m pounds, making up 42.1% of total
exports by value (Davis 1979, p. 15). 1 FEACRS b SCE A0 3222 H RS fh o 17844E 17864F, ¥
H PR BUN1270 9485, MRAEH DVAUN80 /9585 (4 H D A6 %) « $1814-1816 4, HiF &4
4440585, HRAE ) HATN1870 7385, o5 t HUEAi42.1% (Davis 1979, 551570),

Almost all cotton weaving in Britain was done on handlooms until at least 1806. There was some
employment in power-loom factories from 1813, but by 1820 cotton factories still employed only about

10,000 workers in weaving.™ The total number of power looms was estimated at 2,400 in 1813 and 14,150

18 According to Chapman (1987, p. 36) “the United States cotton crop rose from 2 million lbs. in 1791 to 182 million
Ibs. in 1821, becoming the major source of Lancashire’s supply at the turn of the century------ The high elasticity
of the supply of cotton, due primarily to the responsiveness of the American planters and the adoption of Whitney’s
cotton gin, was clearly a crucial factor in the phenomenal growth of the British cotton industry in these years.” Like a
number of other economic historians of this period, he makes no mention of the increasing intensity of slavery, the forced
migration of enslaved people across the Deep South, or the long-lasting ill-effects of slave plantation cotton agriculture on
political institutions and social development (see for example Acemoglu & Johnson 2023, chapter 4; Baptist 2014; Beckert
2014). Supplemental Table A3 has a slightly different series from the one used by Mitchell (1984) for total imports of
raw cotton, but the trend is the same. 1 #2¥& Chapman (1987, 361D MIULEE, “REMLTE, M17914E 11200775
BEmFEN18214 1.8244 8%, TEM L AE AN Lancashire [ FEZALRIE - FRAE LRI i, B T3 E A
I T F Whitney UHBHLAEIRH], 2R IX LR L ERIAE AR A KGR 7 5X— I IR TF 2 HAh &
TrPi sk — R, B SR BB H 2t IR AU A0 o iR i b X R A el A AE A b, R AN
HERBERHKIAREmW (B0, W Acemoglu & Johnson 2023, 554#; Baptist 2014; Beckert 2014) . #M7EF A3,
Mitchell (1984) T J5UR G DV RGBS A ANE, (&AL A F .

90ther transformations were underway, including in coal mining, the working of metals (ferrous and nonfer- rous), and

steam engines. However, in the decades under consideration, widespread adoption of factory-based machines—and the
consequent displacement of labor in more artisanal production—was a central feature only in the cotton industry (see
Mokyr 2009, p. 452). f HABFRIEAEREAT 4, GARHE IR SR I L CREOGBAA e @) MR K1, 5
ZREMJLHER, T MR 2 R DR B8 2 1SR I F T A 7= 557 3 156 £8 RO A AT I — MZ D RRIE (I
Mokyr 2009, 54527) .

20The power loom came into much wider use “in the 1820s” (Bythell 1969, p. 103). S HIENLAE “19t 820947
BB T Z IR (Bythell 1969, 55103T1),
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in 1820.We do not have an annual series, but the evidence suggests an acceleration of adoption during
the time Ricardo was rethinking his views.”® The rise and fall of handloom weavers was a well-known
and much discussed feature of the early British cotton industry. £/ B #1806, J<E JL-FHrf i)
MELLE, #HRALET LWL LB . MIBI3ETTAS, B WAL Mt —Lemidb bl sy, HEI1820%F, i
gi) VR R T RAUG AL TN 18134, SIS E fliT 924006, 182059141506
BAVEHFE RS, BHIUEHEY, /£ Ricardo HHIEE B MW AN, RHBEEF MR F
G 1) D65E, & RIS E RS AL Tl i — AN A B i B 48 3200 W I RFALE

§4.2 What Happened to Handloom Weavers? + FEHNEHTEALT?

Facing new competition in the form of mechanized weaving, how did the handloom weavers fare?
The best available evidence indicates that wages steadily declined in both nominal and real terms. De-
spite real wages falling to nearly a quarter of their golden age peak, hundreds of thousands of handloom
weavers remained in the occupation and struggled to survive. \EXTHI AL RiE R =g, T
LU TR DA ? DA R RAERIESR R, 42 SCRISEPR TR 8a0 T e B real 157 i 5 5 I
RIEEREEN 7> 22—, EUEE I NTREU T A WX, #LRk4.

§4.2.1 Nominal wages | B XT&

As part of his work on the statistics of wages in the nineteenth century, Wood (1910a - e) used pri-
mary sources to compile series for wages and employment in the cotton industry through the nineteenth
century. Wood’ s series include separate estimates for workers in factories and for handloom weavers.
His full series runs from 1806 to 1862 and is available annually (Wood 1910e, pp. 598 - 99, table 41).
Wood finds that nominal weekly wages for handloom weavers fell steadily from 240d (old pence) in 1806
to 99d in 1820. In the same period, wages for factory workers remained stable at around 120d. (The
change in relative wages can be seen clearly in Figure 0, which shows these series in nominal terms.)

Wood (1910a - e) fERFFE L TR RGeS, M T EokIF gt 7+t SR feAT kT
IR ) RV EHE . Wood IR, BFEXT T T AFIZUE T RSB o 1) 56 5 £ 51 18064
F18624F, FEFHA (Wood 1910e, 5#598-9911, #41). Wood K I, ZAi LIKHEE 4 XL 1.5 18064F
1240k C(IRMED, F88 T RERI1820 FHI99R. R, TJ T AWM LEHARELMEI20KR A CHX T
PR R] DAE ] o R E B, 2 A U SR T IX RS

These headline numbers need to be interpreted with care, for the following reasons. First, handloom

workers were paid on a piece-rate basis. Those rates are known, but output (i.e., pro-ductivity) varied

21These numbers are frequently quoted and seem to originate from the reports of the handloom weavers commission,
specifically those produced in 1840. They are also reported by Baines [2015 (1835), pp. 235 — 37], Chapman (1904, p.
28), and Hammond & Hammond (1919, p. 72) (see also Landes 2003). Baines [2015 (1835)] provides some additional
commentary and context regarding this increase. He notes that by 1833 there were at least 100,000 power looms in
operation in Britain, and the years of 1824 and 1825 were those of the greatest rise. Despite this increase in power looms,
there remained many handloom weavers, their numbers rising from 240,000 in 1820 to 250,000 in 1834. XU
BB, B RIE T FARAA LHMRERR S, FEJE1840FE £ AR LL . Baines thRIE T IX L3 %K [2015 (1835),
#4235-3701], Chapman (19044, #i28T1) 1 Hammond & Hammond (19194, #i7271) (5 MlLandes 20034E)
Baines[2015 (1835) [BhiX —344<, &4 7 — A4 PFRRIET S. fhiEH, Bl1sssFEE = /DH 1077 63 h4WEE
175 18245 18255 e M KB R AF A o S BN I SWLA BT, (8756 VF 2 2305 1, A A 1R E0E N 18204F 12475, 1
INE| 18345 K125 77 -
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by worker, so total income varied a great deal across people (Bythell 1969). The piece-rate data show
considerable variation during the year and across years as well as between re-gions (transportation
costs were high before railways). However, the series in Figure B for muslin cloth at Bolton (north of

Manchester) in 1795 - 1820 is consistent with the broader picture painted by modern authorities, such

as Bythell (1969), as well as historians with access to a full range of evidence, most notably Hammond
& Hammond (1919).%2 These prices are in nominal terms and show an unmistakable decline after 1800.

X LSRR R B AR L, R . B, FAT AR XA SR, H
CBP A=) R TS, B ARSI ZE R K (Bythell 1969) o XA THEREWE Bow, 754
HL JUEZ B DA S HIX 2 8], AFAEAH 2RI 22 7 CBRER Z BT IS AR B o 281, B B, 17954F
£18204F Bolton (ZAIHrEFILH) HIKGAT 2% 5Bythell (1969 ££) ZEIACKEUE, LA REWS3R1G4 )5
s 2R (REL B2 Hammond & Hammond (19194F) ) T2 K&, &
e XEEH AL A ANHE S 18004F f W2 T B

Second, as piece-rates fell, it is possible that output per worker increased, as the qualitative evidence
suggests they worked harder (Bythell 1969, p. 116). It has been suggested that in their golden age
(1780 - 1800), weavers worked 4 days per week and earned 40 shillings; by the 1830s, the general
perception is that they were working harder, perhaps 14 - 16 hours per day for 6 days per week, and
earning a lot less money per week or month or year.®  Hyk, & LA N, B4 T A"
AT RN, BUOAE MRS £, A1 TAEE S ) (Bythell 1969, 5511650 A ANINN, FEARATH)
AR (1780-1800), ZUA5 LAEE TAEAR, Hi40564: BI19tH2a304-48, AMTH@ I A AT TAEE
Sy, AR TAEOR, MR TAELLI0NT, 6. 6 S Emkn, EhEs.

Table @ depicts estimated family earnings for handloom weavers in two Lancashire towns, starting
in 1814. This series shows shillings per week alongside two measures of cost: the cost of keeping looms
in good repair and household expenses (food, clothing, and rent). Column 1 shows that from 1814 to
1819, nominal weekly earnings for a family of six fell by half. Column 3 ( “Leaving for other costs” )
clearly shows the squeeze on handloom worker nominal earnings from 1814 to 1820 and confirms that
this measure of earnings continued to fall through the 1820s and into the 1830s (see the next section
for more details on real wages).® 1 & Mk 1, Al AN 18144EIT4R, Lancashire PR T 2141
A TR EEWN « A RFNEIR T 1562 LA AR bR DRAFRNL R 15 4B 1B 1) A M X RE T
SR RIRAMED . 15 EIR, AMISI4ERII8195F, —PMNHZ KM WA TRE T —¥.
351 CORFAMBATT BT 5 MR IR T 18144 2 18204F A F- 2N T 4 SURNIHF &, FFIESE
TIXWNERR, FE19tH 2020 ARFIB0EARAR S NI (A RELPR LRME L EIERE, HZS0 T —

22Muslin is a loosely woven cotton cloth.  Muslin & —Fh 2R ZA B R AT o
23Bythell (1969, p. 116) does not give a weekly earnings number for the 1830s, but the weekly wage for handloom

weavers was 240d (or 20 shillings) in 1806 and only 75d in 1830, according to Wood (1910e, table 41),cited above.
Bythell (1969, 5511670 & 4 19t 230 AR & AN E T, (HARYE Wood (1910e, 3R41) M%HE, 180654146 1L
AEJE T8 h240K (5020564, 18304EUNT5 K.

24Even on the most positive interpretation, this period of wage decline for handloom workers is on the upper end of “an

average working lifetime,” the transition period suggested by Mokyr et al. (2015) for higher productivity to be reflected
in higher wages for laborers. On the other hand, it is possible that economy-wide wages turned upward a bit earlier; the
precise timing of changing real wages in the 1830s for other parts of the economy is harder to discern. t BM#7E F AR 1]
MR, FRTAWILE RN, MahT “FHITIES " 1R, Mokyrf A (2015) G IR HTBE & A1 % I
WRAEST S RS R Lo . 53— U7, ARG Lo A RESR AT — s ml Tk 19 28304R4K, FARZ PRI Sebr THE kA
AR BRI [R], SEHE RS o
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Hammond & Hammond (1919), among others, were confident that handloom weavers lived well at
the end of the 1700s and that most people engaged in the same occupation were quite poor in the 1830s

(and likely by 1820). This is also the overwhelming assessment of various parliamentary investigations,

including the highly informative 1835 Parliamentary Select Committee report (G.B. Parliam. 1835).
Hammond & Hammond (1919) % AAH{E, 18tH40R, S0 TAERIRL, MFFE—TEEI K25
N, FE19HEAL304EAR (AT RE 218205 ) #AR TS o X AR NS %Al il oM 21 1 S (B PEPEAl, B 5183541
SHERIR 45 RER KRS (G.B.Parliam.1835)

A third reason to interpret the data series with caution is that the 1835 parliamentary report and
other official investigations arose because weavers were petitioning for government action in their favor,
so there may have been some natural inclination to exaggerate their difficulties (Bythell 1969, p. 114).
However, Hammond & Hammond (1919) provide corroborating evidence from a wide range of people,
including some not at all sympathetic to the workers.® %ﬁﬁ%iﬂl%% BRI = AR K2, 18354F
AL i AN AR 7 R, R D9 S TS SKRBUR K BCE ) AT i A7 shim 7 A= 1, BBtk TReE
A S KA R AER B SR 5T (Bythell 1969, 2511470) . 481, Hammond & Hammond (1919) #2
7R B2 AR B RIS, L E4E — LR AN S T BN

In Bythell” s (1969, pp. 106 - 7) summary, “the decline in money wage rates for handloom
weaving between the 1790s and the 1830s was spectacular.” ™ 1 7EBythell (19695, 5106-771) H &
i, “181H 2000 A 19t AL304FAN, Z5Z0LIT I TR A M FREAEW T .7

In sum, there is considerable evidence consistent with Wood’ s wage series, showing a decline

in nominal wages for handloom workers in the cotton industry, with little offset in the form of new
opportunities in factories. &2, AMUZHIIEYES Wood W TR FHIFH—F, R, ML ITF T
WL N LB R, JLF3A BAL) Bl % (R0 -

§4.2.2 Real wages | SEfrT &

The evolution of consumer prices in this period has central importance to the broader question of
how economy-wide real wages evolved in this time, and it has been contentiously debated for decades.
As discussed in the Supplemental Appendix, this debate has settled down (at least until any new
data make an appearance). While there have been several twists and turns, Allen (2007, 2009) offers a
sensible reconciliation of the plausible alternative views, favoring an index that is close to the work of

Feinstein (1998a,b), but with some modifications suggested by Clark (2005). 2 Consumer prices (for a

25Readers may consult, for example, G.B. Parliam. (1835). Bhn, AT LA G.B.Parliam. (1835).
26Hunt (1981) has a more positive view of wages during the early Industrial Revolution than the more recently avail-

able data suggest. Nevertheless, our view on what happened to handloom weavers aligns with his: “But it was the
mechanization of cotton spinning and the increased output of machine-spun yarn that had initially raised hand-loom
weavers’ earnings to as much as 40s a week and persuaded large numbers to take up the loom, and it was effective
mechanization of weaving after 1820 that most decisively forced down wages” (Hunt 1981, p. 64). Hunt (1981) XL
iy F A wages MG 75, Ll ol F AR S8 AU . SR, AT FL8U TRA B INETL, Shpu s
— 8 HIERMRYT I UMAL MLES T1 20 7= BRI, SR T 2WLEUE TN, femBlEEd 402 %00, JFitik 7
KENEHLAGEHL, 018205 J5 A RS, R WA {# T 5 FFE” (Hunt 1981, 4564 50,

27Clark makes some updates to his index (Clark 2007, 2010) but does not address important detailed critiques by

Allen (2007). Details of Allen’s arguments are covered in the Supplemental Appendix. We use Clark’s latest available
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basket of typical working-class consumption) rose by about 10% between the early 1800s and the early-
to mid-1820s (Allen 2007). | X—IHIH RO HIEA, BREROLE S, K, BN
PR LB A AR Y, X2 — DR T LRI R i FEMISRITA, Xipib i
TR (EADIEARAFHEAE H I B0 . B — el frSad >k, Allen (2007, 2009) X bl B A 54K
WA HET T AELAR A, 5 T 5 Feinstein (1998a, b) f) TAEREE(E &0 — & ek i Fe Bow hir
v, (2005) $2H . THRFE M CEON—TE T I T R 9, oty B 1ot il 204 A 2
i, X —Her ETE 745 10% (Allen 2007)

Consequently, real wages for handloom weavers fell in this period, likely declining to around 25%

of their peak golden-age level —and then slumped further (Figure B).% Rk, FNLEAE T SbR
55, TERCIIIA TR, FRERE B AT G RIE [ KI25%, e TN (Bl o).

Supporting evidence on this point comes from the 1835 Parliamentary Select Committee. The
committee interviewed and received testimony from various weavers, manufacturers, and others with
direct experience in the textile industry. These sources report consistently poor and deteriorating living
conditions among weavers throughout Britain. They confirm wages fell since at least 1800 and summarize
the increased poverty in terms of the basket of goods that weavers could afford. KT IX— S
PEUESE, SR E 1835 R R A 2. TREKY) 1A MEUE T, i1 i M LA AE 95 200 A B4
ZRHIN, FFUTEC T AATTRGET o X LEH SRR A AR, JEE B S TR S S EARZE, T H
AWEEAL . AATIESE T 95 22/ 5 18004E LKA BT TR, I ST T RE D 4H A RS A — 5 179 ot ) A1
JE G T ST .

The units—pounds of food (flour, oatmeal, potatoes, and “butcher’ s meat” )—that could be
afforded are not standard in modern economics. They are nonetheless highly informative. For example,
an income of nearly 27 shillings per week in 1797 - 1804 could purchase 100 lbs of flour, 142 lbs of
oatmeal, 826 lbs of potatoes, or 55 Ibs of butchers’ meat, which yields an average of 281 lbs. (G.B.
Parliam. 1835, p. xiii). By 1818 - 1825 this sum had more than halved to only 103 lbs. This confirms
that the purchasing power of handloom weavers collapsed immediately before and during the time
when Ricardo was revising his views on machinery. (The Supplemental Appendix provides further
corroborating details from more standard and comprehensive consumer price indices.) EISiEiEL:)
BAL—— B (k. #E . Lo W7 — —EIRAEF SR A RRER . REW, &
IR T 5 M1E . BN, 17974E 218044, &FTIL27564 FINN AT LU SE10085 Tk« 14255
HEFE F L 82615 1 H o5 kE B R A, TP  EON2818% (G.B.Parliam.1835, p.xiii). £I18184F £ 18254F,
R 17— UE, BON10385 . RKIESE T, TG TRIEE A, £ Ricard BB ALK
AR BT ANIATE), SLB ARt . (RNFERFTSRARYE 58 2 bR AT A T VH 2 ks TR 8, Sttt — B
Y77 5)
index in all figures that refer to Clark (2010). t Clark XFlFEEEET T — 2 H (Clark 200720100, {HEA BB
Allen (2007) HIHZIEAAALIE. Allen HITE RI4HYT WANTEMIR . fEFTA I K Clark (2010) HIEH, TAMEH Clark K
R e

28 As discussed in the Supplemental Appendix, Allen and Clark offer the two leading consumer price indices for this

period, with some differences between them. However, our core statements about what happened to the real wages of
cotton workers are robust to the choice between these two price indices. IEANFEMIFE AR AT H, Allen A1 Clark$f
BET X — AR AN B e A TR (BT RIAATE — e e R SR, AT THRIE T A M SERR TR A T 1
AWHIZDBRR, XX AN R B B I 5, SRR,
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When it was clear that their earnings had fallen and would not recover, why didn’ t hand-
loom workers move to other income-earning opportunities, for example, in cotton factories? Landes
(2003, p. 86) comments that the slow decline in the number of handloom weavers “testified to the

obstinacy and tenacity of men who were unwilling to trade their independence for the better- paid dis-

cipline of the sheds.” This may have been part of the explanation, but other opportunities were mostly
lacking in Lancashire, where a disproportionate number of handloom workers were located, and even
elsewhere in the country. There was no other booming sector, and in the first two decades of the
nineteenth century, cotton factories did not expand fast enough to employ a large number of hand-
loom workers. The most complementary activity to weaving, spinning, was already mechanized to a
significant degree. As Bythell (1969, p. 107) puts it, “until the great expansion of all kinds of factory
work in the cotton districts from the 1820s,” movement out of the handloom sector was slow.®
LAATHINITR N BASIKEN, A AAMEH T2 T N B A S L2, B S
J"? Landes (2003, 58600 WiRd, T-ZWLLUN TR IZAS TR, “UEl] 1A B AL #e 5 4
N [ AN - SR T Ze i o . IX AT se e il JRL B, (LA Al 2> Lancashire KFS73H1IX
e =, BEA ARG TR TNALT, EREZE AT . A HAZE AT, 12
H— M9 L205EA8, MG Y IR AR, Toik MK ERSUE L. 58U0 . 9720 &AM
5, CAAERKFEE Szl THUAL . IE40 Bythell (19694F, #1077 Arin, “ ELR19H 40 204F48,
RAEX &AL AR R 5Kk 7, BITIi0LRIAT Y, KRS

§4.2.3 Employment  Fil

In 1788, there were 60,000 people employed in spinning factories; there was no large-scale factory
employment of weavers. There were, however, 108,000 people em- ployed as handloom weavers (Table
B ), most of whom worked either in their homes or in small workshops. In 1806, there were still few
workers in cotton factory-based weaving, but this number reached 3,000 by 1813 and 10,000 by 1817
(see Figure @ for the best available series). 17884F, FiZA) JeM 76N A R T R A
ZUE L. SR, A10H8 T A AT L ko), P REMANEAAEF BT, Eafr/ME
YiTTAE. 18064, #pgi] 4N I L AR, ER1813%F, X —HFIAF] 13000\, F1817HEH|
110000\ CEERFIAE @),

Of the power loom, Landes [2003, p. 86; based on Baines 2015 (1835)] writes, “[W]here, in the first
decade of the century, the machine worked hardly faster than the traditional handloom, the technical
advantage had risen by the mid-1820" s to as much as 7.5 to 1, and one boy on two looms could do up
to fifteen times as much as the cottage artisan.” XT2 JJZiHL, Landes [2003, Zi8671; T Baines
2015 (1835) | Fif: “LAEAH AR — AT, REVLEM TI/EERE, JLPAAS KR, 319t
20, BRRH, ©2 EAF 751, —ANBEEME LML ERT LU, 2FLZA
15 f5.”

As shown in Table B, by 1820, the cotton industry employed 115,000 workers in spinning jobs and
11,000 in weaving jobs in factories. Total employment in the cotton industry (factory operatives plus
handloom workers) rose from 168,000 in 1788 to 274,000 in 1806 and to 336,000 in 1820.%% This change

29Presumably it was difficult to move back to agriculture, in part because enclosures had limited the amount of common

land available. T JOMEARAEEI B Ry, 557 J5 DA 2 B B ) 1 Hci mf I A 4L b
30Bythell (1969, p. 54) cautions on early data quality; however, he also notes that “figures of the order of 200,000 to
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in the structure of employment is consistent with data showing steady investment in British cotton-
spinning mills during this period (Chapman 1987, p. 29, table 3). R o prs, 218204, Wift
ik, LT R T115 54912 T ARG A 80 T fEAT I Stk AN CL) #8457
IFZWLT D, M17884E1168000 A, HEINFI1806 4F-ff1274000 A FI18204F (11336000 N o #i Ml 4544 1)
XA, HIX IS E RS R B R, 280 (Chapman 1987, 552901, %&3).

In 1815, there were perhaps 200,000 handloom weavers, rising to 240,000 in 1820. 18155, W] HE
£2000004 T-ZAZU1 T, 18204F 14 4224000044 - B There were still 200,000 - 250,000 handloom weavers
in the early 1830s, according to various sources, including testimony to the 1835 Parliamentary Select
Committee on weaving. HR¥EZFIAIER, 19tHLL30FEARW], T1H 207 2257 % FLLHG 1, BHE18354F
W IR 2= o A IE ] . &2

Power-loom weaving never employed anywhere near as many workers as did handloom weav- ing

at its peak. There were perhaps 10,000 power-loom workers in factories in 1817 and only 11,000 in
1820. There were 107,000 factory operatives in 1813 compared with 212,000 handloom weavers. By
1819 - 1821, the total number of factory operatives was around 120,000, while the number of handloom
weavers is estimated to have increased to 240,000.5 & 72U A AR L 1% T WL 258 o 04
WIRREZ I TN 18174F, T HLATHEA 100004480 LWL TN, 18204 R H 1100044 . 18134, 1)
£1070004 TN, TZUGE TAH2120004 . FI18194F 218214, T #AF 2 A HZI 9120000\, T2
A LR A TH E 39 02240000 A .

Employment of handloom weavers perhaps was not the issue that attracted most attention. This
was a sector with relatively low barriers to entry, and which generally did not need a great deal of skill
or established expertise. Much more of the concern (including in the run-up to and aftermath from
Peterloo) was about the steady decline in earnings and the standard of liv- ing for handloom weavers

during the first two decades of the nineteenth century, as discussed above.

§4.3 Factory Operatives L] #{E5

As shown in Figure B, from 1806 to 1818 — 1820 the real wages of cotton workers in factories barely
increased, while there was a modest increase in employment in this activity. In 1806, 90,000 factory
operatives earned a weekly wage of 121d, while in 1820, 126,000 workers earned 124d. In 1806, at
the start of the available series, 184,000 handloom weavers earned roughly double (240d) what cotton

250,000 will not over-represent the total number of hand-loom weavers when the labor force was at its peak” (p. 57).
Bythell (1969, #5470 X F Mo & 10 & & S0, MBEFR 1, “20/ E25 T T, Aol 57 8) 7 e g 1 521
LU LHSE” G570,

31The number of handloom weavers rose steadily from 1788 to 1820; 240,000 was peak employment, a level that was

maintained until 1831 according to Wood (1910e, p. 596, table 40).
32While the available data do not reach modern standards of quality, this industry was investigated repeatedly by

parliamentary committees. These investigations are the source for much of the information used by Baines [2015 (1835)]
and Wood (1910a - ¢). Hammond & Hammond (1919) used a wider range of materials, mostly communications between
the government (in London) and local informants and magistrates. Thus, even though the data are far from perfect,
several independent sources confirm the basic patterns. BARIEEAR, RIEBIDAE EARE, (HNSZ RSN
AT T T RE T . XL 7 2 Baines [2015 (1835) |Hil Wood (1910a - ) 18 F 1 K415 B HIKIE . Hammond &
Hammond (1919) ] S8 iz 0k RL, EZREUT (R0 5 NI EE < . Kk, RAEHdEzE
FE583K, EJLASLIRRIFIESE T2 AR,

33There may have been another 50,000 people employed as auxiliaries to handloom weavers (Chapman 1987, p. 51).
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factory workers were paid. Up until 1815, handloom weavers earned more than factory operatives, but
then this changed quite dramatically. By 1820, handloom weavers earned more than 25% less than
factory operatives—and this gap only grew over time. 1 1 BFf7R, M18064F F]1818-18204FE, T.J H
L ANBSERR L, LA, X —iEsh sl NEG I8G 18I0, 18064, 9000044 1. T AH)
JE# 121K, Ti18204F, 1260004 T ARIJET 124K . 18064F, 1ERH RFIMFFAE, 1840004 F21
LR TN, KARMYT TATRBPIR (240K) . HFN8154E, FHLUG TN, & T T
TN RJER, fESURAE TIR KA. 18204, UM LU LL ) T AMK25% LA £, 1 Hix—
Z2i0, Wi I A HER T3 K.

Taking a weighted average across the cotton industry, all work people earned 200d per week in 1806,
falling to 150d in 1815, and to only 108d in 1820. 5 Over the same decade and a half, productivity
gains, including with the spread of steam power, continued to be remarkable. The population of some
textile towns in the Greater Manchester area more than doubled between 1801 and 1831. B3 + DA
MRAEAT W IACT BB S 18064F, I TR N200%, 18154, FEZE150K, 18204F, ff
108K (EFRFERT IR, B R g, WRARESIE &, T3R8 . 18014 £ 18314F (1,
RKEMWR X, —SiZUREM AL, # 7 —HF2.

In real terms, using Allen’s (2007) consumer price index for reasons discussed in the Supplemental
Appendix, earnings fell significantly (by more than half ) for handloom workers between 1806 and 1820,

but real wages also declined (by about 10%) for cotton factory operatives. &2

The weighted average
wage in this highly productive and rapidly innovating sector fell by about 50% from 1806 to 1820.
Compared to the golden age that ended around 1800, earnings for handloom weavers fell to about one-
quarter of their previous level. ® Despite being a highly productive, modern, and growing industry,
manufacturing cotton by 1820 was significantly less remunerative for its labor force than had been the
case 20 - 30 years earlier. T SEBRAETE R, AN R R A, B Allen (2007) 78 %% #
M FEE, 18064F 218204 /], TFZLL NN, Kl MR CRRE 7T —FLL D, (HiRY;)] #4E R
PR LT, WFFET (A10%).  MI18064F 18204, XAMEF= i ALEH AT W I F 3 T
55, N T 250%. 518004F A A I B IHARAHEL, 218U TN, BEEZ AR sz

34We calculate the weighted average wage as (number of factory operatives x factory wage) + (number of handloom
weavers X handloom earnings), divided by the total number of workers in this sector for that year. AT E A3
THHR: [ CLT#BAERANEx LT L5 + (FREAM T AEFLMIUIND ] / (%I T4FE W TARE) .

35The population of Bradford rose from 29,000 to 77,000, while Huddersfield increased from 15,000 to 34,000 residents,
and Leeds from 53,000 to 123,000 (Finer 2017). Sanitation did not keep pace, and the public health consequences were dire:

“There were parts of Manchester where thirty-three privies had to supply 7,095 persons” (Finer 2017, p. 215). Mortality
rate (deaths per 1,000) increased from the 1820s. f Bradford I H, M29000 A3 HEI77000 N, Huddersfield H/E K,
15000 A3 111534000 N5 Leeds & B M53000 AXEHN%I123000 A (Finer 2017) . PA M A R F 04k, AL DAERF
FRIC PR - « A TRR B8 3 1 XA 33 Il I L A0 7095 NRBEAR S5 7 (Finer 2017, 3521550 . FELH (BT AJEL
NHD Mottt 2o ERFFE T

36Handloom workers were paid piece-rates, which varied considerably from year to year. Factory operatives were paid a
fixed nominal wage, with no indexation or adjustment for inflation, so their standard of living was squeezed whenever the
price level rose. As shown in Figure B, our findings are robust across choice of price index. + FZ1 T NI4T %%, HaE
HAMRKER. L HRIENG, MATHZ SRR E R, WA R sal iR, Kt REDHK-F Bk, i
AT A 2 Z B H . i 8 Bros, BATRABL, fEMHEEEE £ R n.

37In contrast, many employers did well. There is no complete series on profits, but Hobsbawm (1996) provides some
convincing numbers and details on this point. MEEZ T, L@%Ejﬁﬁfm Eﬁ}o /&ﬁ?@?%”/lﬂ E@%%&%ﬂ, {H Hobs-
bawm (1996) {EIX— i EHRAE T — Lo N\ {5 Ak 805 A
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— I JERAER —ANEP s BRI A R AT, E 2118204, MRAEHIE L 555 /)
F 1 P9 B S22 1K 20-B04E- i

This would be less of a concern, perhaps, if real wages and employment had grown elsewhere in the
economy. While the evidence is not perfect, the data strongly suggest that economy-wide real wages
were largely flat from the end of the 1700s to 1820, and in fact, real wages declined in sectors where

productivity rose most notably. This continued well into the 1820s and likely did not turn around
ES

until sometime in the 1830s (the leading economy-wide wage series are shown in Figure B).
IR SR SE B TR AN G HAR U A Sk, AT, XA RERLAIE AL AL 7. BARIESRIFANE
5, (A RFIRY], ISR F18204F, BANGTARI LR LRIEARR, e b, SLhr#,
FEA P FI K B BT, AR XRMENL, — BRSS9 Z0204E4%, FIREE H 191 20304
RAG I CEANZGHAREZE T TS, i 8 frs).

§4.4 Prominent Sectors and Economy-Wide Wages { EETIFIEEANZ IR TE

The positive effect of productivity increases on wages may be apparent outside of the sector where
technological progress is most concentrated. This could be because the innovating sector provides
cheaper goods to the rest of the economy —indeed, the price of cotton clothing did fall. If the labor
market is competitive and the cost of mobility across occupations and geographies is low, wages should
also tend to equilibrate. © A== R f$EmE, X LERIFREZ M, 1T RETER AR D e F T 12 /MR
WIE . IXATRERE RN, QU IO G AR AR T 3R B 1 S A — FEsk b, AR TUIRE R
WHSETRFE T o aniR57 8 i B 54 ), B RNV A K S S BAS BUAIR, T5% o B 1

Coal mining was a relatively well-developed sector by 1800, including with the use of steam engines

to pump water from great depths. We also have a great deal of regional data on miners’ wages.

38Kelly et al. (2023) propose an economy-wide measure based on agricultural wages, adjusted for changes in population
by county. For 1770 to 1833 (the dates they specify), the increase in real wages was 8% (using Allen prices) or 13% (using
Clark prices). However, over the same period, the increase in real wages was 21% if we use Feinstein’s economy-wide
wage estimate or 40% using Clark’ s economy-wide wage series, as shown in Figure B. This long-difference calculation is
interesting but does not highlight a major point of agreement: There was little if any increase in economy-wide real wages
until well into the 1810s (Clark’s version) or even the mid-late 1820s (using the Feinstein or Allen series). We should note
that there is also widespread agreement, or perhaps even a consensus, that real wages grew steadily from the mid- or
late-1830s. However, as Mokyr (2009) emphasizes, living conditions in cities were bad and perhaps even worsened (e.g.,
with cholera, typhus, and other disease burdens increasing) until at least the 1850s. | Kelly N (2023) $RH TP
TR LR RARTRNR, RIS BN DT 7%, 1770 21833 (ATHRER H D, realwagesH K%
H8% CEFISZAR ) Bi13% (M SERse i)« 2RI, ZER— I 4T, G RIRAE G HHE 2L 5t TR A, SKbs
THHREN21%, IR e e K2 5F #5174, SEbr Lot BiKkEN40%, Kl 8 fos. ZAREZER RIS
B, AHIFRA R A EERIOR A BBt L108M Gefid A Ha 9ttt al208 A EH] (EH] Feinstein
5% Allen 2030, BANGEFFRMSEIBR T, JUFEAEM. RAOIMIZEER, a7 2R, BEERIR, §
bR T, MA8304EAR 5 Wi bh ke b K o SR1TT, 1E8T Mokyr (2009) SR (AR, & /DR 191 20504E0 2 R/, T
BV AR ZE, R TTREEAL (BN, FERL. BEE 10 SR H A A g i .

39The coal industry was developed primarily to supply fuel to households. The London area was substantially deforested
by the 1600s, and bringing wood to the city was expensive. By 1800, there were some industrial uses, but the spread

of steam engines started to have major effects—including by allowing large urban agglomerations to develop—only after

that date. By the time Ricardo was writing, commercially viable steam locomotion on iron railways still seemed to be
a pipe dream. The Rainhill trials of 1829 and the success of the Liverpool and Manchester Railway, which opened in 1830,
changed everything (Acemoglu & Johnson 2023, chapter 5). 1 B TAVFIRE, FERN T MRS BE . Bk,
W HBOWIX AR AR, AR I B3R T 2 B B . B18004F, A — L TV A, HARNIIIERE, JFahrEE
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Table B shows that nominal daily miner wages in Northumberland, for example, were under 3 shillings
in 1800 - 1802, rising above 3 shillings in 1813 - 1814, but then falling back to (or below) the 1800 level
by 1822. There is a similar pattern in other regions, including in Lancashire and Cheshire, which had
important coal fields at this time. A miner earned the same nominal wage in 1800 and in 1822, according
to this series. F18004F, MR I KAt — MR RIS AT, AFEAEH Z& WL R K . F-AT]
A RKEXRTH LT LRAX S G, £ oEn, EHRIAZE 4 X HY T.wagesfE1800-18024F
T 354, FE1813-1814%F i 13564, (HEI18224F M 2] (5K T) 18004 HIKT-o HAt X thA K
ARIEES, 45 Lancashire £ Cheshire, iX%EHh[X i3 HEERFHEH . RAEIX— R51EE, 18004
F18224F, B L4 X T %A

Table B confirms this account with decadal averages for builders’ wages, broken down by crafts-men
(more skilled workers) and helpers (less skilled), from Clark (2005, 2007). There was not much increase
through the mid-1750s, but clearly some increase in nominal wages appeared after 1779. The decadal
average nature of this series makes it hard to see the precise timing, but it seems clear that nominal
wages for both categories of builders increased in the first two decades of the nineteenth century. { 3 @
A1 Clark (2005, 2007) R TN THKH4-FHME, 1L 7R3k, FE TR GORE BRI
T BT GEAREEBARK T HAT 74055 BI17508AF i, THIFRA KKK, (R
B, 1779 )5, A X THEEH 7 — 8. X — RIS, SRS 26 DA,
BRI, PRSI A4 L8R, FE-H LS ml — 4R A hn.

Table B confirms a similar pattern for agricultural wages, also from Clark (2005, 2007). In real terms
these rose and fell with harvest and trade conditions but only roughly kept up with inflation during the
early Industrial Revolution.  3& B UESE T Ak T % FI2UE R, FIFERE Clark (2005, 2007) . $%5E
BRUMETHE, XL, BEE R, B 5 A A B T _EBkAT R 2k, (EAE Tk ar B4, OREER 1
TR AR

Some sectors, including coal mining, expanded rapidly in the early nineteenth century but, like
cotton weaving, relied on low-wage labor from children and women. The macro picture for the British
economy during this era is one in which output and employment increased across a wide range of sectors,
and there was no mass unemployment. The percentage of people employed in agriculture fell, as workers
were absorbed into expanding sectors. Nevertheless, until the railway system began to develop in the
1830s, sectors that were developing and introducing new machinery most rapidly, such as the cotton
industry and coal mining, did not pay commensurately high wages.®™ BLFERE7E N I — 2847,
FELOM LIRS 5K, (HAREU — B, OB LEMIA L HIARH: 557 3h ) o 1K — I 310 [ 28 % 1) S T

M, ALEE SOV KRBT R R, BB —RZJG. 1E Ricardo SEMIEIRE, 7EEkEE L. Bk L, ATATRIZERBN 11
AR —A 1 H 2. 1829 4EIF) Rainhill 50 AN 18304 FF 388 1R M A S AR 1 LT, 08 T —4) (Acemoglu

& Johnson 2023, H5F).
40This is consistent with work by Mokyr (1988),who finds only slow consumption growth (under half a percent per year)

from 1815 to 1849, roughly, with most of the growth occurring later in this period (for the broader context see Mokyr
2009, particularly chapter 18). Mokyr emphasizes that there were a series of negative shocks to living standards at this
time, including in the short run from the Napoleonic Wars’ impact on grain prices and from bad weather, and in the longer
run from the unprecedented increase in population. X5 Mokyr (1988) [ TAF & —#M, b &I 18155F £ 184941 H
o, WKEE (BFEAF0.5%), KELE, KK, RAEEX N E GEIZ 1 5 ) Mokyr 2009, £l /2
5518 ). Mokyr 381, I AVEbRAE, B T — KA G, GHEEHC RS PR A 5 R RIS,
AR MR, BT FTARA AN L.
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Consistent with the evidence from individual industries, economy-wide real wages stagnated through
the early nineteenth century. Figure B shows the best available overall real wage series and the effects
of using alternative price indices. + S5 ANHATIFHEYE —2, BEANRTARM PR %, {E19H L5
WANET. B8 BoR 7] I i REAR S bR L5 A, DA S F B AR RS F R B SR

Using Allen” s preferred index (or anything close to it), economy-wide real wages did not rise much,
if at all, in the early 1800s. In cotton textiles, the most rapidly innovating sector, real wages declined
sharply. ¢ 8 134G B B 1L TR AL (BUL(TIEIE ERIIRED , 19 48H], BARTHARI LR T8, JHEA
KR ke FEBIRT SRR FUT L, S2PR Lo SUR N .

Note that real wages fluctuated significantly as nominal wages were sticky and prices moved a great
deal. The evaluation of change in real wages is affected by end points (e.g., real wages in 1821 were
above their 1819 level, due to lower prices). However, real wages did not significantly break with their
previous trend until well into the 1830s, according to Allen and Feinstein. { 157ER, AT % X L EAH
RaitE, AR, Rk, SEPr TR ahiR K. 0 SBr 15 AR (b VT AG 52 2 2,5 g semn (i,
TR T Bk, 18214 S BR T8 T 18194F /K1) o SR, R4 Allen Al Feinstein KIWFFE, EEI19MH
A30AFAR, SEPR LA 5 AT RS, KA D EZN.

As we discuss in the Supplemental Appendix, Clark (2005, 2007, 2010) offers an alternative price
series for the early 1800s. Using this index, the implications for economy-wide wages are more positive,
as recently emphasized by Kelly et al. (2023). + IEGIFATEAMFE MR H B HIFBEE, Clark (2005, 2007,
2010) A9 LLHIFRAE T — AN BRI BRI B Kelly 55\ (2023) Sz smifl Ae:, 8 F %184
XA AR TR0, SRR, =

§4.5 Assessment t T

The data discussed above suggest that Ricardo had good reason to become more cautious about the
effects of machinery on labor. Like spinning machinery previously, the power loom boosted productivity
in weaving. As new machines replaced people in weaving tasks, some additional jobs were created — for
example, tending to those machines, including repairing them as needed. However, the number of new
jobs created in weaving did not match the displacement of opportunity for human handloom workers.

ERBHERW], Ricardo A 7875 BB XS HLE R 578 JJ I 560, SEIETH . 5257972,
AL & T UE AL 7). BEEFHLER IR 7 SRS N, Blid 7 — 2o AR XIAr, 4

41Clark (2001) reaches a more positive assessment of real wages in the early Industrial Revolution when he uses his price

index and his own agricultural wage series, which is available for four regions. Kelly et al. (2023) have a similar view of
economy-wide wages based on Clark’s price index and wage data from Hunt (1986), which are based on Bowley (1898).We
prefer Allen’s price index for the detailed reasons given in the Supplemental Appendix, but the door is always open
to new data that may speak to this issue. Kelly et al. (2023) find that agricultural wages rose in the north relative to
the south when comparing 1770 to 1860. + Clark (2001) {fHAMIHEFaE. Aifth B R T % &5 (Af T4
HB DX, o Tolb iy ST S bR TRl T BB AR AT . Kelly 25 A (2023) 2T Clark (A% FEE0A Hunt (1986)
M2 T Bowley (1898) I LBIHHE, X HEANZFIR LFARIRUUNEZE. B THFEMR DL e EE, RATE=
K Allen MM RAEEL, ER T THRZNS T BEME DX AN 1A B R 800 MOT - Kelly 8 A (2023) K3, 517705118604 41
(= | o 3 8 A 2 s A e S T w2
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The main complementary activity, spinning, was already highly mechanized. Other sectors were
not stimulated enough, either directly by the lower cost of woven cloth or indirectly through gains to
consumers (for whom clothing was a small part of their spending; see the Supplemental Appendix.)

FEPFN RIS, 9720, CEmENMIL T HARAT LA 522 % BRI, Joib it iR 22U
FRAS BEAR R, 3 7 ) $2ae e ¥ 2l e R AtATIoR i, ke RO AATT S K — /N 70 AR FE
B )

In a modern industrialized economy, we expect more innovative sectors (such as software or biotech
today) to pay high wages. The reality in Lancashire in the early 1800s was more complex. Real wages
for handloom workers fell sharply, and the average real wage for the cotton industry (weighted across
handloom factory workers) did not rise for many decades (Figure B ). Successful entrepreneurs earned
huge profits from applying new machines, but this prosperity was barely shared with any workers; even
cotton factory workers saw little increase in their real wage from around 1820 until about 1850.  7EIA,
PRI ARZ G, JATH 2 B EUETETT CnS R BAEYIHEARD K3 Lo . 19424,
Lancashire fJILSENEOLEE N E 2. TGN T ANKISEPR T, KiE TR, MAEAT AP SEhr Tt
HTFL LT TAIED, JUHEREA EA (B e ). Bl s, @il AL RE 1 EAUR)
i, (HIX AR, JLTE S TS N80 A2 45 B850 i A1, AbiEMST) T sEhr T
s LR A,

Productivity gains due to new machinery in cotton were not shared with the workers in textile
production, nor were there compensatory gains in other sectors of employment. Economy-wide real
wages rose little or stagnated (depending on the dates chosen for comparisons), and there is little
evidence of growth in other low-skilled occupations such as building, farming, or mining. + g2 4=+
TN, A 7 SRR U SR B A 2l i, AL R T, A fME I R . BEADN R FIR Sk
bRl os, JLP-EcA B EsiANAT (BRTR BRI R H D, @30, A BCRY S HAh R B s B,
W) LF A HE RIS .

Although the issue of earnings is crucial, it partly misses how industrialization upended the social
lives of workers. As Hobsbawm (1999) notes in Industry and Empire, the Industrial Revolution was just
as much a social revolution as it was an economic one. Understanding the consequences of this social
upheaval is central to the question of how new technologies impacted laborers’ lives. + BN n] @l 42
REHE, (HEE—EREE, g 1 DA i TR Ei% . IE41 Hobsbawm  (1999)
FE (DM 57 [ ) h4a I eE, Tk arlE e — R it ddr, M2 b aFar. 7Rt 23)
G A% I, TR B AR 20 55 50 2 A3

§5 WORKING AND LIVING CONDITIONS | TAEfn4 &%

Ricardo was primarily focused on the efficiency improvements of adopting machines. He and other
leading early economists tended to neglect or play down other considerations, including the issue of

power in the workplace —which is important in its own right but also influences whether workers get a

fair share. ¢ Ricardo F:ZEH0TH R HALER R . A H Al B IIASG I e F A 5K, fhil i) 1 240
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E.P. Thompson’s The Making of the English Working Class, with its emphasis on working con-
ditions, offers a helpful corrective (Thompson 1966). Multiple original sources agree that handloom
workers had considerable control over when and how hard they worked on particular days or during
the year. All of this disappeared as tasks were taken over by weaving machines. This not only was
impoverishing, as Ricardo came to understand, but also fundamentally changed the balance of power
between employers and workers. + E.P. Thompson {5 [E T AN B s TAESAG, $24t 17—
T & 2 IE (Thompson 1966) « 2N JFEARKIE—F0A N, FLUL AR TER & H 78— i)
AR RIS FJREE, A AR RIS HIAL . BEE SN ERE S, A XS 2L 1. 1IEW Ricardo
PITEEAE I RAE , XA E T ST, 1 AR 228 1 e A0 TN Z J8) AP

We should not idealize what came before large factories. Nevertheless, it seems clear that some

weavers had much greater autonomy and control over their schedule and craft in the mid- or even
late-1700s. In fact, in some ways they were more like independent business people than workers. They
were referred to as selling their cloth, not their labor (Chapman 1904), and even when they worked
at home for large merchants, who would supply cloth and rent machines, there were alternatives. In
contrast, contemporary sources report that there was a de facto “combination” by factory owners, with
an agreement not to hire workers who quit other employers in the same area. There was no government
enforcement of combination laws when it came to employers. + FATARIZIE K T Z A A 4= 15 REAR
o 8T, ARWIE, FELIT00FEARHIRE R FI, —SgUn L, MHir H AR T2, A 5 KK E EHL
FEGIR . ek b, ERLETTH, AATEGRMILMRE A, AR TN APy S2AmRL, AR
97501 7) (Chapman 1904), RIS S A0ATAE 5N KR N AR, AbAl T f A A AL &8, &4 3L
flik . AHELZ R, SARE ERIFEIRGERR, L) EFL B “BCE7 1, AR S R, R —H
XEEHRI TN o EJE EJ7 10, BURRA AT & IR,

As weaving became automated, deskilling accompanied disempowerment of the workers. Ma-chines
effectively replaced skilled and experienced adult men with women and children, who had less skill
and who were also cheaper and easier to control. This reinforced the significantly declining ability of
weavers to have a say in their working conditions or the discipline to which they were subjected, and,
consequently, control over daily life passed into the hands of employers (see Hammond & Hammond
1919 for further discussion). Of course, this also meant that they had less say in the determination of
their pay. © BEE LGRS HENL, KAmetl, FEEE TARIBUIBERIRE . HLEsA 2ot LMLz
BURT HoRAGR 0 F 5 MRS 7, XA LE SRR, e . EE 5 EH].
TS TAE TAR SR AR BT 2 T TR & BUR 38 R R, DRk, X U AR TR I diI B 2 31 T
FF A (P M Hammond & Hammond 1919) . 2448, X EMRE, A4 17E e 2 FrH 7 15 i) &
ELU

Thompson (1966, p. 306) put it this way: { Ak (1966, 530671 XL
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Weaving had offered an employment to the whole family, even when spinning was withdrawn
from the home. The young children winding bobbins, older children watching for faults,
picking over the cloth, or helping to throw the shuttle in the broad-loom; adolescents
working a second or third loom; the wife taking a turn at weaving in and among her
domestic employments. The family was together, and however poor meals were, at least
they could sit down at chosen times. A whole pattern of family and community life had
grown up around the loom-shops; work did not prevent conversation or singing. + Zi4ii A
G T TAE, BMEgi S N B . 4% 754l BORIIZ T
Bk, fuReAel, SR TR RS L, R T A EE = A 4N E TIERE
DA FETRTNERS T —FKNE—E, TS AL, 2010 e E
ARSI AL TR oK. G R, CaTER T — M e BRI S A XA TR IR
PG R R AR

In Thompson’s view, the power-loom sheds “were resisted until poverty broke down all defences” (p.
307), because working in a factory meant giving up most vestiges of independence and freedom. %
Thompson also noted that “[t]here had been a time when factories had been thought of as kinds of
workhouses for pauper children; and even when this prejudice passed, to enter the mill was to fall in
status from a self-motivated man, however poor, to a servant or a ‘hand” ” (p. 306). { £ Thompson
BGK, BILUN «— B AARE], BRI T AP GE30750, BIRTEL] LR, BikE
B RER ML A E . Thompson B8 H, “ M — B 0], T #0000, AW LEMFR
Bes RMERX A IS % T, BEAT MEREN D ERBMA, TR2 4355, BT —MEA
R 7 (30600,

In Industry and Empire, Hobsbawm (1999, p. 65) agrees with this perspective, writing that “the
city destroyed society.” Industrial life not only forced workers to trade workplace autonomy for the
regularity of factories but also forced them into unsafe factories and unsanitary housing. Cities across
Britain swelled, with Manchester quadrupling in population between 1801 and 1851 (Douglas et al.
2002). Without amenities such as adequate sewers and clean water, new residents faced epidemic-
s (including cholera and typhoid), endemic tuberculosis, and further health damage from pollution.
B Hobsbawm concludes that the social change accompanying industrialization was so intolerable to

preindustrial workers that tens of thousands accepted starvation wages in handloom weaving despite

42These rapid changes had differential consequences for women and children in comparison to men, impacting labor
force composition and family dynamics. Lyons (1989) details how families responded to deteriorating wages in the
weaving industry and how women and children comprised the majority of the early factory labor force. Humphries (2013)
documents the upsurge in child labor among children born between 1791 and 1850, especially in factory and mining
work. Griffin (2018) discusses how even rising male wages did not necessarily translate to greater family well-being until
cultural and social norms of breadwinning became more common. She stresses that hunger was common in rural and
industrializing districts alike. + 5 5 AL, XEPUEARL, XL LE L TAFRRSEM, 520 T 57 3) 18 B
FEEFNFS - Lyons (1989) TEAAAE T FKEEWMAT ST 5 200 A 2 WAL I L5, LARIAZLA)LE, i st 1 L) 57
) JIHRER S . Humphries (2013) 3% 1 17914E 2 185048 (A AR R LB b, B TR, Rl e L) ARy AR
to Griffin (2018) W& 1 7EFRZCM] I HOSCAL AN AL S ETEAR 153 SN 3t 2 i, BPAE S5 P 0 88 Bkt A —E RER AL
SR K BEARAL o Dy, VAR AT A0 Tl A AR AL

43For detailed discussion of living conditions in early English industrial cities, readers are referred to Engels (1845). +

KT RS AV T AR S BT I 18, B R L2 R T (1845) .
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relatively higher wages in factories (see Figures M and H). The quality of life for these workers almost
certainly deteriorated with the arrival of factory-based power looms. Handloom weavers were among
the first victims of modern creative destruction; their social and economic way of life was effectively
destroyed in a few short decades (Mokyr 2020). £ Tk 575 E) —+, Hobsbawm (19994F,
H6500) [FRIX— WAL, S IR Ak 7 AN, AMGARE T AN TTAES R E &
B BT IR R ia e, B AE AT EANA A T M AR B b o 2k [ 8 b P 9 i 0 7 2
i, 18014FE & 18514F /], SAHIFFIIANIE 73 (Douglas FE N, 2002) WIHREA LI T KEHM
TEE KB, BT s BRI AT RIS E LA TE) M7 IR A 0% - DRI ot g R ik —
A4 FH . Hobsbawm 13 H 4518, TAALHT R, X TAVAHET I T KU, £ a2,
DETRET) M TR xR, E0E807 N2 TR (LB oM Bl ). %) 3)
NG EPRR, KT AREER S, JUFEEE%l. i30T N, Z2ARGIEVEBIA M E#3ZE#H
s AT A S A B T 2, R LR N A RO R T (Mokyr 20200 .

§6 THE RELEVANCE OF RICARDO AND THOMPSON TODAY
RICARDO #1 THOMPSON X{XHH%£M

The lessons that David Ricardo and E.P. Thompson learned remain important today, for we are
in the midst of a potentially rapid transformation of work due to digital technologies and AI. ¥ David
Ricardo Al E.P. Thompson 2% 258 H0, 7E4 RAVIRMBELEE, FNRATEL T FHE AN TH
RE, i R M) AR e PR e Y 2 v

§6.1 Labor Demand and Working Conditions in the Age of Artificial Intelligence { AT
BRI AFH DT RIS

One perspective is that automation, because it increases average productivity by substituting cheap-
er and more reliable machines and algorithms for human labor, will ultimately be good for workers.
According to this view, the economy may need fewer blue-collar and office workers as these tasks are
automated, but as firms and consumers are enriched by the rising productivity, there will be demand
for workers in other sectors (e.g., Aghion et al. 2019). However, Ricardo’s concerns remain relevant
today. We now also have evidence that automation significantly reduces the share of labor in nation-
al income and can depress labor demand, employment, and wages (e.g., Acemoglu & Restrepo 2020,
2022). The debate is not settled, but there is growing evidence that during the period of rapid au-
tomation, essentially since 1980, wages have not risen much, and a significant fraction of the US labor
force has experienced declining real wages (e.g., Acemoglu & Autor 2011; Acemoglu & Restrepo 2020,
2022). + —FM AN, BIMCERZKN T NAR], BOyeiad M SR EEA
BNT1, R Err A s iR — WA, @B Re R S D AN A B TAE AN, AR
SEAT 552 AL, (EREE VAN 2% 3 BRI AR J IS e w Mk R, A AT MLt 2o TP A7
R (lan, Aghion®E N, 2019). #R1MM, RicardoffJ#HIE, 7E4 RUREAISLE L. RATINAEWA
R, B3l R R T 573 A E R B 8, 5T BESIH 5780 7 K . Sk A T
(f5l4n, Acemoglu & Restrepo 2020, 2022) . it iAok, (HECRE 2 furdak o, E0iE 83t
I3, A B B 19804 LR, THi3A K Lok, SRERK 825780 I HIsbr T8, 1E4E N R ()
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W, Acemoglu & Autor 2011; Acemoglu & Arestrepo 2020, 2022) .

It remains to be seen how AI will alter this picture, exacerbating some of the existing trends but
also potentially creating new opportunities for workers. Despite the powerful and diverse capabilities of
new Al tools, there is already some evidence that this suite of technologies has primarily been used for
more automation (Acemoglu et al. 2022). Thompson’ s perspective is also highly relevant to current
debates.  NTEHE, Kran iy CRX — =i, Il —Ledif s, E0m e T AQLEH mls,
EAERIE . REHANTERTE, BARAMEZREMNIIR, HOaf R, XERAR,
TEHTHEZABSNM ( Acemoglu 2N, 2022), Thompson IS, 5 Y ETRERS & A .

In In the Age of the Smart Machine, Zuboff (1988) pointed out that the advance of digital technology
potentially has a dark side for workers. Lowering the cost of monitoring has encouraged employers to
become more intrusive and allowed them to watch their employees more closely. Rapid recent increases
in the capabilities of AI have the potential to push further in this same direction. { Zuboff (1988) 7E
CEBENLAFIT ) — B fir i, BrBORIIEED, WREN T ANEARME)—H . RIS A, s
FAM/E RN, FERVFATE % DI EE 51 T il N TR ReRe ) o, A rReidt—%
B IZANTT R R e «

The modern version of Thompson’ s dystopia would include control over the workday and what
happens in the workplace, minute by minute, for all kinds of workers. Some of this might be used to
improve workplace safety and protect employees (e.g., against harassment), but there is already evidence
that technology is being used to drive workers harder and even encourage them to cut corners and work
in less safe conditions (Acemoglu & Johnson 2023). 7 A& SFEFL I IARRA, BEFEX TI/EHT
P, PR & TN B E TAR S PR AR G . Horh— 28, W il T AR i
GAPERGRY 0T (i, B RO, HESAUEERM, $OR, IR RIE T AT S 7y, Lant
JibABAT I TRl FEAS K2R N TAE (Acemoglu & Johnson 2023) .

Overall, should we expect that productivity gains from AI will be shared with workers? Ricardo’s
insights suggest there is no guarantee that they will be if automation is the only focus of new Al
technologies. If AT is used to create new tasks and increase human capabilities, the benefits would be
more likely shared with labor. Thompson” s insights add another major caveat: If Al is used extensively
for surveillance and worker control, it will shift the balance of power between workers and managers,
making it less likely that labor will capture much of the productivity gains. 1 MK S, FATEE N 1Z%
HWIEE, N TR REHRIAE - s 5 TN 50222 Ricardo I WLARR B, W0 A28 N TR R+
ARIME—HE 5, A REIRIE S R IXAE . IR AN TRRE, AR GIE B AR5 05t AR R
WA XLl A A AT e 55780 /157 5. Thompson VLR, HN T 55— E2ES. WRANTHEEE,
ez T A A TN, B R TN B R R )~ A5 B AN K AT e 3RAT KR
IR R R R A A

§6.2 The Direction of Technological Change + F{ARZTER /5[]

Combining Ricardo’ s revised thinking about machines and Thompson’ s ideas about the balance

of power in factories provides an enriched account of the effects of the early Industrial Revolution on
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labor. ™ However, missing from both of their accounts is another important element: the centrality of
technological choices. f £5% Ricardo ¢ T HLas K& IE BAEF Thompson T L] FISUI-F# i E AR,
N EI MV A xd 55 3 I ROREE , 4R OE TS AR R, AT ANIAUR B, #ER > T A
HERER: FORIEFER O

It was not preordained by advances in technology, engineering, or business organization that im-
proved machinery would reduce the demand for labor in the early decades of the nineteenth century,
or that the factory system would disempower workers and push them into much harsher working con-
ditions. These were choices. The direction of technology is highly malleable and responds to economic
incentives as well as the political and bargaining power of different parties affected by the technology
(Acemoglu 2001, 2002; Acemoglu & Restrepo 2018; Acemoglu & Johnson 2023). The same is doubly
true for organizational choices—after all, modern factories could be set up without such long hours or
such harsh conditions for working people. { FiAR . TFEERFIHLRBED, FHEA e g, 19t
224), SO IR D XS 95 ) R oK, B L) HI 2 RIRF DRIy, Ja b 1R 43 5 m = [
A TAE A XS R FE . BORITTIA, BA RV, JE QB BLA S BOR N fAN
[F] B B BUE « AU BE J18CH S (Acemoglu 2001, 2002; Acemoglu & Restrepo 2018; Acemoglu
& Johnson 2023) . X TAHZEFRKUL, B — 55, IR T, Af DFERA MK T/
I T B 3 55 1 57 Bl 4 A T ST

Recognizing the essential role of choice over the direction of technology and organizational forms
is not only relevant for understanding the early decades of the Industrial Revolution; it is also critical
to appreciate how and why things started changing from around 1850 onward. As we have explained
elsewhere (Acemoglu & Johnson 2023), these changes were the result of innovations that prioritized
increasing the marginal productivity of labor, most importantly by introducing new tasks for workers.
For example, new technologies in railways and heavy industry introduced novel activities and capabilities
for workers. American technologies that emphasized boosting the productivity of unskilled labor by
standardizing parts and processes introduced new technical tasks for laborers and spread throughout
Europe, including the United Kingdom. i AR ZIESEXTEEARFIH L A T7 7 ) HLE/EH, MUS5 P
fie Tl A 0 SR LG 0% T ARSI S50 e A TFAR R ifil « LECAAH A TF IR0, X —
MR EE IR FRAIAE AR 7 i B B A (Acemoglu & Johnson 2023), X $6745 {2 Al ¥ ) 45
R, XEEBIHT, LT IS 5T B A RR A, B AR O TSI ANHHE S B, BRI E
TAVEHHOAR, T AR 7B RESIAEE /). 56 E BRI AR AL A T, R AR
GO I 71, ST ENE SN T HHIEORAE DS, JFALHE 2045 9 [ A2 Py B9 BN

Modern manufacturing started employing more workers including in design, repair, maintenance,
and clerical tasks. These technological trends laid the foundation for more shared prosperity, where
wage growth went hand in hand with higher profits for businesses. Critically, this type of sharing was

also undergirded by a changing balance between capital and labor, as voting rights expanded and trade

44For literature on the endogenous direction of technological change, readers are referred to Acemoglu (1998, 2002)
as well as Acemoglu & Restrepo (2018) in the context of automation versus new tasks. For the endogenous evolution
of institutions impacting how gains from new technologies are shared, readers may consult Acemoglu & Johnson (2023,
chapters 1, 8). KT HEARAH P ET7 R SR, S8 T LS5 Acemoglu (1998, 2002) PA K Acemoglu & Restrepo (2018)
FEAFM S HAESE FF BT X TR HoR Y & 7 77 s L AR A, B8 AT BAS % Acemoglu &
Johnson (2023, 1%, H8H ).
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unions were empowered to negotiate wages and working conditions. Factories were now everywhere,
but they no longer subjected workers to the same horrendous conditions for longer hours, nor could
they employ and exploit very young children. The importance of choice in the direction of technology
may be even more central today,to understand how Al could affect labor markets, than it was in the
Industrial Revolution. One promise of Al is its capability to provide much better information to humans
for problem-solving tasks and decision-making. If such a path for AT was feasible (which we believe it is,
as we argue in Acemoglu et al. 2023; see also Acemoglu 2023) and if it was prioritized, we could move
to a different phase of modern economic growth than the nonshared variant ushered in by the digital
and robotic technologies of the last four decades. + ARHE NI GHEHE 2 0 TN, SR, 4
& QPSR TAE . REEFRES, NEIERERTOE 7R, TR, 544 mrAiE s
SIfitE. BRHELNE, BRI K. TR0 L5 FCAER AT R A, AT 5)
IR A AL (P47, tinsi X pp b T AR RS2, HEAIA LT KK 4T [
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WEPAEBORTT ) LA S, WL Tk e dn iy BN . N TR B — i, RERIE AL
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Critically, this is a choice. The evidence we have briefly discussed suggests we may be heading
down a different path, with much less favorable implications for labor. If AI amplifies automation and
surveillance, its impact on labor could be as bad as, or even worse than, what Ricardo and Thompson
were concerned about in the early stages of the Industrial Revolution. + R EEKZ&, X2 —Fhik
o BATE ETNE UESE R B, JATATREIEAEE — 2% AR RIIERE, XS 5573 IHIFEmE, G2 . i
NTIERE, KT BRI, BX 5530 IR, 7T e 1% Ricardo A1 Thompson 7 TV ¥y 5
FARTHHO RIREEREEE, AT

§7 CONCLUSION + £5ip

Despite rapid improvements in the productivity of cotton manufacturing, the early decades of the
nineteenth century were not buoyant times for British workers. Skilled artisans, especially handloom
cotton weavers, lost their relatively high pay and autonomy, while average real wages for all work-
ers were stagnant or declining, even as productivity in the economy rose. It was presumably these
developments that made David Ricardo, a founder of modern economics, change his mind about the

question of machinery. While Ricardo had previously assumed that new machinery that raised average

productivity would also mean greater demand for labor, more employment, and higher wages, he had
good reason to revise his thinking on this critical question in the early 1820s. We have much to learn
from Ricardo’ s openness to new ideas and new ways of thinking about economics as he observed very
different effects of machinery on labor than he had previously presumed. t /S8 Rt fill il o9 A4 7= %
A e, H19MH LRI [ TR, AR —DNERN . 2T, JTHZR TS,
R THN B TR E B, A TR SEbR Lol A aTel T, RES5FE A
Jirdgim. MVFIERXE KR, MIARAET #1614 A David Ricardo B3 1 XL A B % . HIR
Ricardo Z FIAN, $m-~FI2E P ZR LA B SAE X 597 80 ) B BE R TR K o 522 B L2 A s v
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Going one step further, we suggest that Ricardo’ s productive thinking on this question may

need to be combined with ideas about how new technologies and organizational forms fundamentally

change the balance of power between capital and labor, as argued, for example, by the historian E.P.

Thompson. Thompson’ s work, drawing on a large body of original sources and research by other
historians, demonstrates that the new factory system also subjected workers to greater discipline, more
intense monitoring, and a regimen with much less autonomy and arguably less specialized, skilled work.
R, AT Ricardo FEIX Al L ) B A7 O I8 2%, W RE R 24 5 3 BRI 208 20 an e

MARAS b 28 G AN 57 5)) 17 2 (6] IR P ARV AR 45 &, Blan ) 22258 E.P. Thompson i iR
Ff. Thompson HJLAE, 4 1 KRR JRAG TORIAN AR I S22 X Wt 7T, RWIFH L) HIE, T A
SRR AL AR I E, UM EVR RS 2 . TG HOR S BRI A%

Learning from Ricardo and Thompson is particularly important today because we are in a similarly
transformative and disruptive process of technological change. The machinery in question is no longer
the factory system and textile equipment, but rather advanced digital machinery and algorithms. On
the horizon, we have AI potentially accelerating these technological trends and disruptions. + 2K, [f]
Ricardo A Thompson %%>], JUAEE, FONIATIELL T — AN A2 B M 1 AR AR a1 78
Ho BB iobLEs, AR LT RGEMYTHIRE, TR E LSS . a2 b, N T8
REAT 7T DI L3 AR 3 M

Expecting that new digital tools would not only boost productivity but also raise employment and
wages has been a natural conjecture for many economists and policymakers. However, we now know
that the impact of digital technology has been more complex and less positive for many working people
in the industrialized world. Since 1980, inequality has increased at a staggering rate in the United
States, and less educated workers have experienced significant declines in their real wages (Acemoglu &
Autor 2011, Autor 2019). Although the precise experiences of other countries vary, the general pattern
of increasing inequality since the 1980s has been the norm (OECD 2015). Recent evidence also shows
that new digital technologies, including robotics, automated equipment, and office automation, have led
to declines in the real earnings and employment of workers who used to specialize in tasks that are now
being performed by machinery and algorithms (Acemoglu & Restrepo 2020, 2022). In the meantime,
AT and other new tools are also intensify ing surveillance and shifting the balance of power from labor
to capital (Acemoglu & Johnson2023). + Xf TV 2 & G 3 X MBUR I E &R UL, EHET TR,
AMLRESR A7, BRIt A LB, X ARSI, SR, FRATIAERNE, BFHR
FUSEIE , 0 T A V2 57 s N ROk UG, BN 2%, AR AR H19804FE LK, 2 E A
TG, LU R, 528 R B TS T, KR F % (Acemoglu & Autor
2011, Autor 2019) . R HAhE ZK AR DI 2560 % AMIE, 15 H 20 Z880EAC LI, AFA5 sl & 44
B, —EHREAS (OECDEEHL, 20154) . I HIEHRIE L], GFELSE AN A& Mmir L
HENAE N IR BOR, 80T 1 2L TS ILLE HHL S A BE AT IOAE 55 1) TN 1) S BRUS N
O R E (Acemoglu & Restrepo 2020, 2022) . 5 ub[EE, N T RERHAR T H, e mesiiis,
FERE T 1~1- 4 55 Bl 11 867 B E A (Acemoglu & Johnson 2023) .
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Following Ricardo, this may be a time for us to rethink how machinery (and algorithms) impacts

labor and how we can make choices about the direction of technology and policy to ensure that workers
with diverse skills also benefit from new technologies. { ¥RFf Ricardo, X 7] fE &AM FH B EHLZ8 (R
VD WRTZ IR 55 3 0 B T, LARZFRATTAART S SR MBI ) 7 I i e 6, DR DR AT AN A 5
REMI T, MEEMNHT AR Z 41 .
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% 1 Nominal earnings and expenses of handloom weavers in Lancashire, 1814 - 1833 |
1814-1833%F Lancashire F£RL0%H THYE AT H

Table 1 Nominal earnings and expenses of handloom weavers in Lancashire, 1814=1833*

Mear Colne MNear (ldham
[i}] ) 3)
A family could | Repair of looms, Leaving for 4 5) () (7
earn' rent, eic, other costs® Yearky Wage 63-hour wage | Expenses!

Year {shillings) (shillings) (shillings) income (£) | (shillings) (shillings) (shillings)
1814 52.00 525 4,75 135.20 .M 13.7% 1.63
1815 T 525 18.92 BH.E3 156 11.75 27
1816 LT 525 1158 60,77 1.50 9,00 2m
1817 407 52§ 18.92 G2.E3 1.08 6.50 235
1818 I8.83 5125 13.58 74597 (0] 875 271
1819 25.00 528 19.7% ] 1.67 110,00 1.0}
1820 1333 51% 18.08 G067 1.50 Q.00 273
1821 1831 52§ 13.06 7361 1.42 8.50 163
1822 11 RR 528 17.63 5048 1.50 4,00 160
1823 21.00 528 15,75 5460 1.58 Q.50 278
1824 19.13 525 13.88 492,73 1.58 9.50 273
1825 1913 325 13.88 ETRE] |46 LE] 158
1826 11.83 425 7.58 30,71 1.08 6.50 213
1827 14.63 25 10.38 3R.03 .08 6.50 219
1828 14.63 425 10,38 EETE] 117 7.00 15
1829 10.50 415 6.25 27.03 1.00 .00 2.0K)
1830 13.50 415 9.25 3511 0.83 5.00 1.88
1831 1483 425 10,58 3501 [T 5,00 1.88
1832 12,00 408 7.78% 30,71 [T ] 450 .77
1833 12.00 25 7.75 3.0 0.7 4.50 1.7§

‘Table ndapred from Winod (17104, mable 34).

“Earnings and expenses represent weekly values unless atherwise indicated, All colsmns have heen cosvened inn 3 ingle dencminason from the originad
table. Conversion facsom used wore 18 = 2w = 2404,

i i fior & family of & persons including 3 children.

“Onbier comts are food, clothing, e

Y Expenses sre rene, foel, e1c.
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% 2 Employment in the British cotton industry, 1788 - 1862 + 1788-1862F K [E R LAY
Al 1ER

Table 2 Employment in the Bansh cotton industry, 1788-1862

Facvory emplovment (thousands) Handloom weavers
Year Spinming Weaang Toeal (thousands)
1788 il NI 1] 108
1811 83 NI B3 | G
181k kL Few ! 1 84
1813 14 i a7 Ly
1517 111 1 121 18
1820 115 i1 126 240
1823 120 15 135 240
1524 122 45 167 240
1825 124 49 173 240
1831 131 it 187 240
1832 132 6 196 7
1813 133 75 J0R 13
1835 NIy M 210 I8
1539 ] LY 250 135
1847 NI ND 77 (3]
1850 NIy M 33l 41
15856 MLy NI i 3
1862 NI ND 452 3

Abbrevistion: M no dats. Table adapred from Wood (1910, nble 40,
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% 3 Nominal daily earnings of coal workers, 1800 - 1835 + 1800-1835F#x T A& X H
LN

Table 3 MNominal daily earmings of coal workers, 1800-1835°

berland | [hurk Cheshire Midlanads South Wales | Scouland
Year | dshillings) | ishillings) | South | West {shillings) ishillings) | Morth | Sowh | ishilings) | ishillings)
18001802 278 278 10 | 8 417 147 151 | ND 310 ]
18041506 ™D ND WD | ND WD 342 I | ND wD XL
18101 ND D WD | I WD N ND | mD T ND
TRI- 1514 337 T30 I ¥ 752 WD | mD %] KR
1518 70 LHD WD | SN ™D ND ND | sD RH] ND
T X 182 I6l | Lo 7] w0 TV ) T 4
1822 7 80 188 | 7% Az ] ND | mD 3.00 .75
1818 .00 o8 T4 0 50 EFET] ND | D 30 01
1826 ™D NI WD | ND ND ND WD | NI ND 450
1827 770 ] wD ND ND NI WD ND 4.3 300
1828 .70 TAD S EED) NI ND WD | NI W0 300
] X 1] 152 i | Lm Az 138 00 | 4 ] 3
T 70 A0 105 | L= 7 9 51 | 4m 3.0 400
1851 %] %] 19 | im %3] L] 38 | 4m 31 300
1832 3.8 .50 In | L@ Az FE] 338 | 4 308 400
RIS .37 I3 10 | e 155 FET] TR | 4o 5.0 EYT)
1854 3.37 13 N 480 3 a0l | am 398 40
5] %] A E] TAT | 398 7] 752 ils | 4w ERE] EX]

Abbreviamon: NI, no dazs. Table ml.i|u.:d fromm Mischell (1984, able 7,10
"The table represcnis shift carnings of coal bowem, Indes values have been conveoried o currency using vabues founsd in Micchell (1984, eable 7.1, noec i),
All eodumns have been comvened o o single denominarion wsing the following conversion faciors: 1€ = 10s = 2404,

% 4 Builders’ and agricultural workers’ wages, 1710 - 1859 { 1710-1859F I T AF1RK
TARIHE

Table 4 Builders' and agriculmral workers® wiages, 17101859

Builders® Agricultural workers®
Cratesman's day Helper's day Haw average day | Esomaced sverage day
Decade wage (pence) wage (pence) Relative wage wage (pence) wage (pence)
17101719 19.7 12.1 1.63 10.5 0.9
1720-172% 0.0 12.4 1.62 10.1 B
17301734 0.3 1.6 1.62 10.2 10.8
1741740 0.6 126 1.63 1.1 1048
17501759 .5 13.1 1.57 12.2 10.9
17641765 213 139 1.53 11.2 1.7
17701779 123 15.1 1.48 11.4 125
1780-1789 BRI 15.3 1.53 118 132
17001 T 6.8 170 1.50 145 154
1600 B0% 359 ne 1.51 19.1 19.0
IRI0-181% 43.8 9K 1.47 3.2 3.0
18201829 411 70 1.56 122 b
18301839 42.7 180 1.53 113 103
1B40-1 845 43.3 190 1.50 25 2
1RS0-1859 456 LY 1.52 114 e

*Colemes regarding builders are from Clark (2005, mble A2).
"WColumns regarding agricultural workers are from Clark (2007, eable 1)
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Pence per week
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Factory workers include spinners and weavers. t F
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Handloom weaver and factory worker nominal wages. Nominal wages are from Wood (1910e).

LTI T AR LT,

%N Lk E

2 Piece-rate for muslin weaving at Bolton, 1795 - 1820. Price reflects the rate for 60-reed cambric
muslin. Data are from Bythell (1969, table 2). { 17955F £ 18204F Bolton FI4IARAR SU&E 2. &
ST 60AR 2 ARREAT (KRS . HdESk B Bythell (1969, #2)
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o

Invdew (1806 = 100]

50 |=

30 L [l 'l [l 1 [l 1 [l [l [l
FESFFFFF I FP TSI F I FF PP EEFS P

— Handloom weavers [Allen 2007)
Factony workers (Allen 2007)
— Wekghted aerage weaving wage (Allen 200T)

. Hand koom weavers (Clark J0010)
e Factiony workers (Clark 2010y
— Weighted average weaving wage (Clark 3010)

Kl 3 Real weekly wages of textile workers, by cost-of-living index (1806 = 100), 1806 - 1862, accord-
ing to Allen’s (2007) and Clark’s (2010) cost-of-living indices. Textile worker wages are from Wood
(1910e, table 41). Weighted average is the average of handloom and factory worker wages, weighted
by employment. { #2#§ Allen (2007) A1 Clark (2010) [RIZETHRATER, 1806-18624F #4245 1% A TG %
(1806 =100) R+ HIZIZ T NI SLbraed T 5. Y19 NBILEE, KIET Wood (1910e, #R41). M
BOPBME R TR TAL T LR FIE, il AE oma.

250

150

Workers (thousands)

100

L 'l i L 'l i L 'l i L L A i Il A L L 'l

i il L
FELF I IFTFP PTG T TP LSF

5

= [actory employment m— pandioom weasver employment

4 Handloom weaver and factory worker employment. Employment data are from Wood (1910e). Fac-
tory workers include spinners and weavers. 1 FZRZL TR T T AR FilEdE R H Wood (1910e) .
T LN, Bffgig TMEUG L.
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100)

Index (1790

&l 1 | I’ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

B A ] ] & Ly = ) G a0
A \"'-@I\";ul \"da\‘ﬁjx'ép\é‘\@ & \*‘ﬂp o \5?‘:9' {5@ £ Q;_P & \Q?.\Q:‘ &g \'#}

I = Fainstem 1994a) Clark (2010) = Allen (2007}

5  Economy-wide real wages (1790 =100), 1770 — 1882. The figure shows economy-wide wages
weighted by occupation and population. Feinstein (1998a) bases his nominal wage series largely on
the work of Bowley (1898) and Wood (1910a - e). Allen uses Feinstein’s nominal wages. Clark con-
structs his own series from Clark (2001, 2005, 2007), drawing on archival sources including Bowley and
Wood. Figure adapted with permission from Allen (2007). © 1770-1882%F, N2 JFAR I SL R T %
(1790, =100) . ZE R T HZHPNEAN FOIBLIEEAN 2235F 1580 Feinstein (1998a) 44 L L8 A5
FEIT Bowley (1898) F1 Wood (1910a - e) B LAE. Allen f#i H Feinstein f4 X L% . Clark M
Clark (2001+ 2005, 2007) ASEME T H SRS, 55 7 BH Bowley 1 Wood 7E N IR TR .
KM E Allen (2007) fIVFAT
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