ISSN 2279-9362

Collegio Carlo Alberto

The Measurement of Production:
Lessons from the Engineering Industry in Italy, 1911

Stefano Fenoaltea

No. 373
December 2014

Carlo Alberto Notebooks

www.carloalberto.org/research/working-papers

© 2014 by Stefano Fenoaltea. Any opinions expressed here are those of the authors and not those of
the Collegio Carlo Alberto.



THE MEASUREMENT OF PRODUCTION: LESSONS FROM
THE ENGINEERING INDUSTRY IN ITALY, 1911

Stefano Fenoaltea
Collegio Carlo Alberto

and
Department of Economics and Statistics “CognetiVidetiis,” University of Turin

stefano.fenoaltea@unito.it

November 2014

ABSTRACT

This paper presents the second-generation estirfatdle Italian engineering industry in
1911, a year documented both by the customary dexpbig census, and the first industrial
census. The first part of this paper uses theusedata to estimate the industry’s value
added, sector by sector; the second further disggtgs each sector by activity, and estimates
the value added, employment, physical product,raetal consumption of each one. A third,
concluding section dwells on the dependence ofsesestion estimates on time-series
evidence. Three appendices detail the specifarifgms that generate the present estimates;
a fourth, a useful sample of firm-specific data.



THE MEASUREMENT OF PRODUCTION: LESSONS FROM
THE ENGINEERING INDUSTRY IN ITALY, 1911

This paper documents the second-generation essnfatr the Italian engineering
industry in 1911; as usual, its focus is as muchmmthod as on results.Because of the
State’s heavy involvement as a regulator and odtehrect customer, the shipbuilding and
railway-vehicles industries are exceptionally wadeumented; the corresponding (national
and regional) second-generation estimates aredgiieathe public domaif. The rest of the
engineering industry received no more than sporagactial attention, and the industry-
specific sources provide only scattered data pdinfée reconstruction of the corresponding
time series can and must make use of them, bupeiforce be based very largely on indirect
evidence and on general sources. The present rcorscavith the derivation of a suitable
initial benchmark -- and with the methodologicahsmlerations it suggests.

The general evidence for 1911 is particularly aaum, as in June the Census Bureau
took Italy’s first industrial census as well asfifth demographic census.lt is used here to
generate an initial set of disaggregated estinthtgscan then be reproduced for the previous
census years, and finally extrapolated into anseaés; within the constraints imposed by the
surviving evidence; these estimates are designedistonguish activities characterized by
significant differences in value added per relevanit, and in the time path of production.

! For a recent overview see S. Fenoaltea, “The Rateariion of Historical National Accounts: The
Case of Italy,”PSL Quarterly Review63,.2010, pp. 77-96. The new estimates docurdeimése
supersede the preliminary figures in S. Fenoadlteaalore aggiunto dellindustria italiana nel 191in
G. M. Rey, ed.] conti economici dell'ltalia. 2. Una stima dedlere aggiunto per il 1911Collana
storica della Banca d'ltalia, serie "statisticlagishe,” vol. 1.1, Bari 1992, pp. 147-156.

2 C. Ciccarelli and S. Fenoaltea, “Shipbuilding faly, 1861-1913: The Burden of the Evidence,”
Historical Social Researgl34, no. 2, 2009, pp. 333-373; Id., Id., “The Raili®Bed Vehicles Industry

in Italy, 1861-1913: The Burden of the Evidend¢gsearch in Economic Histqrg8, 2011 pp. 43-
115. The precious-metal products industry is alsoaside: maintenance is assumed negligible, and
the time series is derived directly from the vedaeled estimate in Table 3.

% |stat (Istituto centrale di statisticd)e rilevazioni statistiche in Italia dal 1861 al 3® Annali di
statistica, Serie VIII, vol. 5 - 8, Rome, 1957-5&e vol. 7, pp. 361 ff. A review of the sourcaanot
be provided here, but is available on request.

* Ministero di agricoltura, industria e commercidfitio del censimentoCensimento degli opifici e
delle imprese industriali al 10 giugno 1915 vols. (Rome, 1913-16), hencefor@ensimento
industriale Id., Id.,. Censimento della popolazione del Regno d'ltalid@lgiugno 19117 vols.
(Rome,1914-16), hencefortbensimento demograficoThe distribution of the population of working
age (10+), by age, sex, and sector, appeared B ¥olfor small administrative units, from the
municipality to the province) and 5 (for the reggoand the Kingdom); with limited exceptions the
classification of industrial activities was the sams that used in the industrial census. The two
censuses together are here referred to simplyed3ahsimenti



The procedure involves two essential moments, sanzed in the two main parts of
this paper; a full account is available on requedthe first generates estimates of the
aggregate value added of each of the (residuaineedng industry’s components sectors.
These are derived directly from the census datd &mtillary evidence of labor and capital
costs per worker and per horsepower). A properafighe data in the sources requires a
proper understanding of their actual content:usstn, no doubt, but one the literature honors
mainly in the breach.

The second further disaggregates each sector tonags the value added,
employment, physical product, and metal consumpioeach of its major activities. These
estimates are constrained by the disaggregatediseasa, the evidence on commodity prices
and input-output ratios, and, not least, the inisshggregate metal consumption; this last is
of particular significance, as the available anragaies provides a joint constraint on the final
time-series estimates for the engineering indusiitye most relevant distinctions, within each
sector, are of course those between labor-intensieek-related maintenance on the one
hand and (normally) metal-intensive, stock-adjustimew production on the other; also,
within the latter, between simple products and dempnes (e.g., truss-structure components
and machinery, both “heavy engineering”), and admtween (“normal”) production from
metal and (exceptionally) the mere assembly of mgabparts.

The third part of the paper dwells on the methogdiglal considerations suggested by
the preceding exercise: what it highlights, intfas the inherent weaknesses of cross-section
estimates built up without concern for the corregpiog time series.

|. THE PRODUCT OF THE ENGINEERING INDUSTRY IN 1911
1. The 1911 censuses

The contents of the 1911 censuses have been liEda@lsewhere; they are briefly
recalled here, for the reader's conveniehceThe Censimento demograficosed the
guestionnaire sent to each individual to assigrptipulation aged 10 or more to a detailed set
of agricultural, industrial, and service activities to the non-working population; for each
economic activity, it provides data on the corresting labor force.

The labor-force data provided by tGensimento demografiae relevant because the
Censimento industrialés badly incomplete; and it is incomplete becatls® attempt to
coordinate the two censuses simply miscartiebhe intention was to gather the data for the
industrial census on three separate questionnaire®. were specific to that census: the one
sent to every separate (“small”) industrial workghwith one to ten subordinate workers in
addition to the owner/manager, and the one to e{tayge”) separate industrial workshop

> Or “in the breech,” as a colleague once wrote,juwarg up wonderfully improper images.
Fenoaltea, “The Reconstruction,” specifies fouesul Rule 1 is “the data must be vetted.”

® S. Fenoaltea, “Industrial employment in Italy, 191the burden of the census dat@drlo Alberto
NotebooksNo. 372, December 2014.

" See for exampl€ensimento demograficwol. 4, pp. 3-6.

8 SeeCensimento industriajevol. 5, pp. 22-26.



with more than ten subordinate workers. Data an rdmaining industrial activity (“not
separate” from the owner/manager's residence, oeneWf thus separate, by the
owner/manager who worked alone) was to be docurddmyea third questionnaire, on the
back of the individual demographic form for eacladhef household. This last questionnaire
did not produce useful information; the publishgpifes report only the data gathered in the
replies to the first and second, singly (respettivel. 2 and vol. 3) and combined (vol. 4).

Artisans working alone, or in a place not sepafiatie where they ate and slept, were
omitted: that much is declared outright. A subiksue concerns the relevant physical
separation. To avoid duplication, it would seehg tensus takers sent only the appropriate
guestionnairg¢o each street addressand since each residential address necessacéved
the demographic form, the industrial census appearBave omitted whatever factories
adjoined their owner’s dwelling and shared a commtget address. The censuses seem
never to say as much; but there is evidence toetifiatt even within their data. At times, the
members of the labor force missed by the industeakus are very largely artisans or owner-
managers, suggesting that most may indeed haveed:@lkne or in their residential quarters;
at other times, even allowing for the likely inambe of unemployment, the share of hirelings
is so high as to point very strongly to omittedtéag workers.

When all is said and done tli&ensimento industrialeounted a mere 2.3 million
industrial workers, against 4.3 million in ti@&nsimento demograficoSome of the latter
were no doubt unemployetbut not many, at the peak of the pre-War boonmeist no doubt
“domestic workers” who worked little if at all; bthe industrial census missed nearly half the
male labor force, and of these omitted males, at ledstut a few were surely working, of
necessity, to put bread on the table.

The industrial employment counted by the publishetustrial census is thus to be
complemented by an estimate of the employment ittedy and that estimate relies perforce
on the labor force data in the demographic censtigarly, too, the difference between the
two census figures must be evaluated case by aaske incidence of unemployment and the
relative productivity of the omitted employed workerary industry by industry. Obviously,
unemployment depends on the growth rate of thesimgs product, and perhaps on major
technological shocks (such as, famously, the ingenbf the power loom). Equally
obviously, relative productivity depends overwhelgly on the relative similarity of the
work performed by those the industrial census ainand those it missed. In some
industries, the former may have been overwhelmingbykers in mechanized factories, the
latter mostly artisans tied to traditional handgasses (and who may have worked very little,
as in the notorious case of the Calabrian housewive were counted as weavers); but in
other industries modern factory production hadtgetke root, and the artisans the industrial
census missed are in fact indistinguishable froos¢ht happened to count.

But the labor-force data in the demographic cemaust also be handled with due
care, for they are not always, as one might thidper bounds to actual employment. The
undercounting of (full-time-equivalent) workersaigain obvious in the case of activities, like
the processing of perishables, that provide empémrfor only a few weeks out of the year,
and correspondingly lack a dedicated labor foréesubtler case in point is that of more
broadly seasonal activities that were dormant ineJu for example, the same workers
quarried clay in winter and fired it in summer, ahe& demographic census tends to count
them simply as brick-makers. But the vertical gn&gion of production causes more general
distortions, shifting worker counts to the lasigetaf production: the integrated production of
sulphuric acid and superphosphates, for examplanttbat many workers in the acid plants
reported themselves as producers of chemicalifentil

Nor is that all. Most industries make use of ultesd labor, if only to fetch and carry,
and unskilled labor moves readily from one sectoamother. Industries under abnormal



demand pressure tend to suck in temporary help tthmar sectors of the economy; and an
agricultural day-laborer employed on a constructfmoject may well report his usual
occupation, rather than his current one, on hisugform’

Actual industrial employment is in general undateti by the industrial-census
“employment” data, and overstated by the demogapéinsus “labor force” data: but only
in general, and not at all necessarily in the cdsay specific industry.

2. Theengineering industry

In the 1911Censimentiall metal processing from ore to finished prodadncluded in
category 4. The transformation from ore to semshed metal (or castings) is covered by
classi4.1 and 4.2; subsequent metal processing ishdigtd overclassi4.3 (hardware, metal
furniture, other fabricated metal), 4.4 (structurmponents, industrial and agricultural
machinery, and transport equipment other than weaots, carriages, and sleighs, and wood
boats not built in yards, counted in categoried &dd 3.16, respectively), and 4.5 (precision
instruments, clocks and watches, office equipméréarms and ordnance, metal musical
instruments, and jewelry and related article€)assi4.1 and 4.2 are here identified with the
metalmaking industry; the engineering industrynisurn defined as the set of activities that
characterizelassi4.3, 4.4, and 4.5.

This industry is substantially that covered IBIC category 38 (manufacture of
fabricated metal products, machinery, and equipméme principal differences are that the
present industry excludes the manufacture of waotsccarriages, and sleighs (part of 3849),
and wood boats not built in yards (part of 3841l includes the manufacture of jewelry and
related articles (3901), metal musical instrumépést of 3902), and knitting needles, pen nibs,
and the like (part of 3909), and also, apparettily repair of electrical appliances (9512), motor
vehicles (9513), watches, clocks, and jewelry (91%4d other equipment (951%). The
general repair services of blacksmiths and the &ke the specialized services of shipyards and
railway repair shops are included in the presentistry and also ifSIC category 38 (3811,
3841, 3842); the typically low-level maintenancerieal out within households, or within firms
that lacked a separate maintenance shop (anddheerhployed no professional mechanics, to
judge from the similarity of th€ensimento demografi@ndCensimento industrialigures for
category 4.4), are excluded from the present imgastd also fromiSIC category 38.

The engineering industry in th€ensimenti appears systematically to include
maintenance as well as new production, as it dogsllegically, in thelSIC. This is suggested
in the first instance by the underlying legislaticas theCensimento industrialelid not
distinguish betweerrti (crafts), mestieri (trades), and industry more strictly definedgfo
decreto 6, 1910, n. 776art. 23). Itis also implied both by the cengends and by the census
data. One the one hand, there are inGbasimento demografiawo separate service-sector
categories for repair work akin to those in I8&. Moreover, the wholesale and retail trades
(categories 9.1 — 9.3) seem narrowly defined, &deaeed by the fact that they include only
owners, white-collar workersnjpiegat), cleaning staff and the likpérsonale di serviz)pand
porters facchini carriers of burdens), to the exclusion of worker® process goods(gerai;
processing was clearly (and not unreasonably) deresd industrial work, to the point that

® On the direct evidence of this phenomenon at #gional level see Fenoaltea, “Industrial
employment.”

10 United Nationsndexes to the International Standard Industriabdification of All Economic
Activities Statistical Papers, Series M, No. 4, Rev. 2].Atl, New York, 1971; briefiSIC.



category 9.15, bread and pasta shops, is spelyifsaat to refer only to the (re)selling of goods
manufactured by other concerns. Finally, as valhiiade clear below, the very size of the labor
force attributed to the engineering industry (anel tesulting average metal consumption per
worker) implies that much of it was perforce enghge repair work, especially in the small
shops (including those missed by thensimento industrialeand this on a scale that readily
accommodates consumer as well as producer duraMese specifically, the many thousand
“watchmakers” counted in industry (4.53) were nalgtovery largely traditional shopkeepers
who sold watches but mostly repaired them; thengetif watches is specifically included with
that of other luxury goods in (trade) category 8,dut (as with the selling of bread and pasta)
the intent of the census was surely to count tbahg those whose activity was strictly, or at
least overwhelmingly, mercantile.

The importance of the repair services it incluseakes the engineering industry
somewhatsui generis In principle, maintenance is production like asther, transforming
physical inputs (goods in a certain condition) iqbysical outputs (goods in a different
condition); in practice, at the relevant levelsagfgregation the heterogeneity of inputs and
outputs is such that a meaningful physical measf@irproduction can hardly be obtained.
Maintenance is accordingly measured only by itsuuerahdded; new production is instead
measured by physical output as well. Because @t pan be used for maintenance as well as
new production (and also, as usual, because partbe traded internationally), secondly, one
should in principle distinguish systematically beém the production of new parts from
semi-finished metal, the assembly of new machinas fparts, and the maintenance (partial
disassembly and reassembly) of existing machinespractice, this vertical disaggregation
within individual sectors is rarely carried outn general, the production of parts for new
machines is included in machine production, thepcton of replacement parts is included in
maintenance, and the mere assembly of imported gaseparately considered only where the
trade data identify significant flows.

The shipbuilding and railway-vehicles industriega, as noted, the engineering
industry is very poorly documented. Because es¢hdata limitations, the engineering industry
is here disaggregated to distinguish, somewhatuatlys the following sectors: fabricated
metal; ship building and repairing; rail-guided ads; “general equipment” (structural
components and non-precision machinery); precisisgtruments; clocks and watches;
precious-metal products. The physical production estimates (for non-presimetal products)
are individually constrained by the relevant priGasd technical coefficients, and jointly
constrained by the metal available to the industry.

3. Thefactor-employment data and estimates

Since there is so little direct evidence on thmosition of the industry's output, and
unit value added can vary within broad limits, aggte value added in 1911 is here estimated
from the activity levels suggested by the censperts. The relevant data are taken to be those
for categories 4.3, 4.4, and 4.5, on the undersigritiat these cover the relevant maintenance
and repair work as well as new production.

1 All these major components of the engineering stiguare considered to be vertically independent,
with one exception: the ship building and repagirindustry is taken to fabricate the vessels' holls
only to install hardware and machinery obtainednfithe fabricated metal and machinery industry. In
principle, the construction of electric locomotivelsould similarly allow only for the installatiorf o
("purchased") electrical equipment; in practiceceic locomotives have simply been assimilatethéo
far more numerous steam locomotives.



The census labor force and factor employment fieitaategories 4.3, 4.4 and 4.5 are
collected in Table 1. Th€ensimento industrialeata for all shops, large shops, and small
shops are taken from vols. 4, 3, and 2, respegtivbe classification includes additional
categories, marked by anin the appropriate position, for integrated shops.the industrial
census, the members of the owner’s family are agglgrcounted (and particularly numerous,
not surprisingly, in the small shops), and thestisblue-collar workers are by implication only
hirelings. In the demographic census, the membktee owner’s family are not separately
counted; but the internal evidence suggests tlegtilere counted as owners, and that there too
the listed blue-collar workers are only (or almmsly) hirelings*?

Since the quoted industrial-census figures af@etmflated by the relevant employment
in integrated shops (counted in categories é.31, andw.71), the industries of category 4.4
appear to have been completely covered by the tinalusensus; and this in turn implies that
their shops were (almost always) well separate fitwair owners’ dwellings, perhaps because
of their noxious sounds and emissidhs.ast but far from least, too, the similarity beem the
two sets of census figures for category 4.4 cleariplies that in those branches of the
engineering industry, at least, unemployment wiageather negligible.

In categories 4.3 and 4.5 the differences betwbencorresponding sets of census
figures are much more significant than in categér, even allowing for employment in
integrated shops; but it seems reasonable to astwmheunemployment was negligible in
categories 4.3 and 4.5 as well, and accordinglyteypret those differences as employment in
works theCensimento industrialsimply missed, either because they were one-mapssloo
because regardless of size they shared their csvresidential address. One reason is that the
differences between the census figures are paatlgusignificant in categories 4.31 and 4.32
(smiths), where very small-scale operations weredowabt numerous, another, that the time
series evidence suggests that over the precediag yeoduction had grown far beyond its
previous levels; but the strongest is that it is/\Veard to imagine that unemployed workers with
metal-bashing skills would not have spread theneseiroughout the industry, that there could
have been a long queue for jobs in some sectaitseoéngineering industry (4.3, 4.5) even as
there was no queue in others (4.4). Given on tie land that some unemployment must
surely have been present, if only because of #glnasd on the other the above-noted tendency
of the labor force data in ti@ensimento demografidco omit workers that booming industries
(such as the one at hand) hired away from oth¢orsedotal employment is here simply taken
to have coincided with the recorded labor forcd;abdisaggregation of that total to separate the
operations covered by tl@&ensimento industrialéom those it missed serves both to illustrate
the structure of the industry and to refine thémeses of (unduplicated) horsepower in use and
value added.

2 1n category 4.4 the demographic census lists tisaas (curiously, not even in category 4.43, which
includes bicycles), and the differences betweentie sets of aggregate census labor figures are
exceedingly small (ca. 2%). The demographic censusts 14,429 owners (none under 15, but 752
under 21), 8,580 white-collar workers, and 136,8R@-collar workers, while the industrial censigssli
9,002 owners, 8,438 white-collar workers, 4,748ilamembers, and 133,814 blue-collar workers. The
“owners” and “family-members” of the industrial 1, together, correspond closely to the “ownefrs” o
the demographic census, and the figures for blllaromorkers in the two censuses are again close to
each other.

13 The relative differences between the two setseabuas figures are greatest in the case of theaftircr
industry, category 4.45, which at that time involweood and cloth far more than metal; but they are
readily accounted for by categany31.



The data in Table 1 are here recombined, andypagtjregated, into the estimates of
actual factor employment presented in Table 2Is.Co— 3 and 4 — 6 there refer to the large
shops and small shops, respectively, covered by #msimento industriajen general, these
estimates inflate the census data for specialiredssto absorb the workers and horsepower of
the non-specialized shops. Cols. 7 — 9 refer iin ta the shops missed by tlEnsimento
industriale and cols. 10 — 12 to the industry totals. Thaustry-total figures for blue-collar
and total workers in cols. 10 and 11 are takerctlyrédrom theCensimento demograficand
the corresponding estimates of the workers misgeddiCensimento industrialécols. 7 and 8)
are obtained as residuals (respectively as cdescols. 1 and 4, and col. 11 less cols. 2 and
5). The industry-total horsepower figures in dd.are instead obtained as the sum of those the
Censimento industrialeounted, in cols. 3 and 6, and those it misse@dpin9; these last are
estimates that extrapolate (rather than merelyoeme or reallocate) the census data. All these
estimates are rounded, to the nearest 50 units.

The transformation of the data in Table 1 into eés@mates in Table 2 is complex, and
not a little tedious; it is described in Appendix In essence, the workers and horsepower in
integrated shops are allocated to the various copmosectors with an eye both to the
differences between the total numbers of worketstm by the two censuses, and, within the
industrial census, to the horsepower per workdénénintegrated shops on the one hand and the
corresponding specialized shops on the other. hbngepower used in the shops the industrial
census missed is estimated from that in the shasered; since horsepower per worker was
normally much higher in the large shops than irstinall ones, the average in the omitted shops
Is extrapolated from these with an eye to the @eesize of omitted shops implied by the ratio
of omitted owner/managers to omitted blue-collarkecs.

4. Thelabor-cost estimates

Table 3, panel A presents the estimates of labstsc capital costs, and value added
obtained here for the various components of theneegng industry, defined as in Table 2.
The estimates of labor costs are derived from thel@/ment figures in Table 2 on the basis of
standard costs per worker, allowing for the age+ gender-composition of the work force and
its distribution by shop size; for simplicity, th@ge shops are identified directly with those
counted by th&€€ensimento industrialeand all the others are considered small. Incdse of
the railway rolling-stock and shipbuilding indussj value added is calculated directly from the
available evidence, and capital costs are estimbayededucting labor costs. For the other
components of the industry value added is caladilasethe sum of labor costs and capital costs,
built up from the factor-employment estimates iml€2.

Labor costs are estimated as follows. In the chsarge shops they are calculated on
the basis of the here standard annual salary 604ife for 10% of the total work force. The
actual proportion of owners, managers, and othatevdollar employees was typically higher
than that, at times by a considerable margin, bist presumably reflects the incidence of
relatively small-scale operations whose owner-marsagarned little more than blue-collar
wages. The standard annual wage for adult makestimated at 1,200 lire, for 300 days at the
4 lire per day suggested by the available datalt is here applied both to actual adult male
blue-collar workers, and to any male owners or rgarsin excess of the 10% allowed above
(regardless of age and gender). Boys (to age rid)alh women and girls (letting the latter
offset the former in clerical and managerial posi) are allowed half the adult male standard

“Direzione generale della statistigmnuario statistico italiano 191pp. 222-2241913 p. 268.



wage, or 600 lire p. a. Simplifying, the annudldacosts of large shops are calculated as 1,280
lire times the total number of workers, less 608 fimes the number of boys, girls, and women.
The labor costs of small shops are similarly edthabut without the allowance for salaried
managers. Again allowing 600 lire p. a. for bayigls, and women and 1,200 lire p. a. for the
rest of the (male) work force, the annual laborts@$ small shops are normally calculated as
1,200 lire times the total number of workers, 1888 lire times the number of boys, girls, and
women; in rows 9 — 11, exceptionally, these figuaes raised to 1,350 and (minus) 750 lire,
respectively, on the presumption that adult malallssimop watchmakers, jewelers, and the like
were highly skilled artisans, and earned (12.5%)entlban standard wages. The total numbers
of boys, girls, and women are transcribed in Tahlpanel A, col. 1; these figures are taken
directly from theCensimento demograficaggregating over the census categories indi¢ated
Table 2, and again simply rounded to the nearest 50

Table 3, panel A, rows 4 and 5 refer to the raflwalling-stock and shipbuilding
industries. Since they were utterly dominated drge shops (Table 2), their employment is
attributed for simplicity entirely to the lattema their labor costs are calculated directly from
the estimated industry totals and the large-shaplaioor costs noted above. For the rolling
stock industry, therefore, labor costs are estithatel,280 lire times 48,150 workers (Table 2,
row 4, col. 11), less 600 lire times 2,300 (Tablg&nel A, row 4, col. 1), for a total of 60.25
million lire (Table 3, panel A, row 4, col. 4, aadro in col. 8). For the shipbuilding industry,
similarly, labor costs are estimated as 1,280iines 31,350 workers (Table 2, row 5, col. 11),
less 600 lire times 1,350 (Table 3, panel A, rowd, 1), for a total of 39.32 million lire (Table
3, panel A, row 5, col. 4, and again zero in chl. 8

For the other industries, large and small shopst perforce be distinguished, and the
estimating algorithm is perforce more complex.islsimplest for the industries where total
large-shop employment was taken to coincide witht tlecorded in (relatively) specialized
shops: other smithing (Tables 2 and 3, panel %, 2, other fabricated metal (row 3), other
ordinary machinery (row 7), weights and scales (8)wprecision instruments (row 9), clocks
and watches (row 10), and precious-metal produots (1). In these cases, the numbers of
girls and women and of blue-collar boys are taketha category-specific figures reported in
the Censimento industrial@ncluding 4.3 in row 3 and 4.6 in row 7); since the latter census
does not separate out other boys, the figureshierldtter are taken from th@ensimento
demograficpon the assumption that the males under 15 ircalevork were all in large shops.
The (rounded) sums of these figures are here tibescin Table 3, panel A, col. 2, and the
small-shop figures in col. 3 are obtained as redgl(col. 1 less col. 2). In the case of other
heavy equipment and machinery, the present largp-astimate of 53,500 total workers (Table
2, row 6, col. 2) includes 48,100 total workerd(tintally) specialized shops (categories 4.41,
4.43, and 4.45); considering the other 5,400 as @2%e 7,500 in category 4»4 the total
number of women, boys and girls in large shopaksrt as all the women, girls, and blue-collar
boys in categories 4.41, 4.43, and 4.45 plus 72%ho$e in category 4w listed in the
Censimento industrialelus all the white-collar boys in categories 4443, and 4.45 listed by
the Censimento demograficalrhe (rounded) sums of these figures are hensdréoed in Table
3, panel A, col. 2, and the small-shop figuresah 8 are again obtained as residuals (col. 1 less
col. 2). In the case of blacksmithing, finallyetpresent large-shop estimate of 39,750 total
workers (Table 2, row 1, col. 2) includes only 326tal workers in (totally) specialized shops
(category 4.31); treating the residual 36,550 &% @2 the 39,850 in categorydl. the total
number of women, boys and girls in large shopaksrt as all the women, girls, and blue-collar
boys in category 4.31, plus 92% of those in catedas listed in theCensimento industriale
plus all the white-collar boys in category 4.31dd by theCensimento demograficoThe
(rounded) sums of these figures are here transcimb&able 3, panel A, col. 2, and the small-
shop figures in col. 3 are again obtained as ratsdgol. 1 less col. 2).



With the estimates of women, boys, and girls igdaand small shops thus in place, the
corresponding labor costs in Table 3, panel A, rws3 and 6 — 11, cols. 4 and 8 are obtained
using the algorithms described above.

5. The capital-cost and value added estimates

The railway rolling stock and shipbuilding indussr were exceptionally well
documented by industry-specific sources. Valueeddd estimated directly at 125.16 million
lire in the rolling-stock industry, and 75.08 nult lire in shipbuilding; as noted, it is all
attributed to large shops (Table 3, panel A, rdws5, cols. 7 and 11. Deducting the above
estimates of labor costs equal to 60.25 and 39iB@mire, respectively (col. 4), one obtains
estimates of capital costs equal to 64.91 millioa for the rolling-stock industry, and 35.76
million lire for the shipbuilding industry (col. 5)Divided by the corresponding horsepower
estimates, equal to 34,700 and 18,750, respectiVelyle 2, rows 4 — 5, col. 12), these crude
residuals yield estimates of capital costs perdpmwer equal to 1,871 lire p. a. in the rolling-
stock industry and 1,907 lire p. a. in the shigtiog) industry; and these last are within some
2% of each other. These initial ratios are hefmed to distinguish labor-related and other,
essentially machine- and power-related, capitatscadlowing 12.5% of labor costs to the
former and obtaining the latter as a residual, nmectelated capital costs work out to some
(64.91 — 7.53) = 57.38 million lire in the rollirsgock industry, and (35.76 — 4.92) = 30.84
million lire in shipbuilding, or 1,654 lire per hegpower in the one and a virtually identical
1,645 lire per horsepower in the other.

For the other components of the engineering imgu&tlue added is estimated as the
sum of labor costs, as estimated above, and capisé$. The capital costs of the large shops
are derived from the estimates in Table 2 on tistshaf capital costs per worker (again set at
125 times total labor costs) and industry-speaapital costs per horsepower extrapolated
from the rolling-stock and shipbuilding industriasl 911, using interindustry relatives drawn in
the main from the data for 1938 in tBensimento i. e ¢° That year was fortunately much like
1911, in the sense that metal consumption in gknara the railway rolling-stock and
shipbuilding industries in particular, were settimgw highs, so the relative earnings of capital
should not be visibly distorted by differences yelical circumstanceb’.

The engineering industry is covered by @ensimento i. e cvol. 3, pp. 56-114. The
census distinguishes “artisanal shops” and "indusshops" (actually the “industrial shops”
with more than 10 total workers, as the smalledustrial” works were counted with the
artisanal shops, p. 57; asymmetrically, howevesiall number of the latter group had more
than ten workers, p. 61); Table 1 alone reportsstrg-wide (employment) data, Tables 2 — 3
refer to the “artisanal” shops alone, and Tables 21 to the “industrial” shops alone (with
annual data referred to 1937 for the former andB1®8 the latter, p. 57). The industry was

!> On the derivation of these value added estimatesCiccarelli and Fenoaltea, “Shipbuilding” and
“The Rail-Guided Vehicles Industry.”

18 |stituto centrale di statistic&ensimento industriale e commerciale 1937-#Dvols., Rome, 1939-
50; brieflyCensimento i. e c.

7 On the time path of naval shipbuilding and railwalfing-stock production see Ufficio storico della
Marina militare,Le navi d'ltalia, vol. 8. Almanacco storico delle navi militari d’ltalia, 1861975
Rome, 1978, and Istituto centrale di statisti@®ommario di statistiche storiche italiane, 18618495
Rome, 1958, pp. 129-130.



further subdivided into no fewer than 56 activipesific categories (78 — 133, including the
here irrelevant categories 78 — 79, foundries,18%] installation of equipment); unfortunately,
as an economy measure, category-specific datapuiteshed only in Table 21 (sales), and all
the other evidence was presented only for 17 subggtes (of which one refers to categories
78 — 79, the other to 132 by itself).

Table 3, panel B transcribes the 1938 censusfolatihe 15 subaggregates relevant here.
The first (unnumbered) columns report the 1938 wensodes, and the content of the
corresponding subaggregate. Col. 1 transcribesctineesponding 1911 census code, as
reported in panel A, with the actual or at leagha@nt content of the subaggregate identified
from the detailed, category-specific sales dath&Censimento i. e cvol. 3, pp. 73 ff., Table
21; one notes in particular that category 133 (rb®) corresponds essentially to the
armaments.industry. Cols. 2 — 6 refer to the @afgdustrial” shops: cols. 2 and 3 transcribe
the (total) employment, and (installed) horsepowegrorted in census Table 1, cols. 4 and 5 the
wage bill, and value added, reported in censuselabl Net (non-labor-related) capital costs
per horsepower are estimated by deducting fromevatided the reported wage bill, a further
20% of the wage bill to allow for salaries (a rataculated allowing as in 1911 salaries of 200
lire per worker and a wage bill of 1,080 lire pevrier less 600 lire per woman, noting from
census Table 4 that 93,000 of the industry’'s 631 @%al workers were females), and .125
times wages and salaries together to allow forrlablated capital costs. Dividing these
residuals by reported horsepower (col. 3) one obtdie per-horsepower estimates transcribed
in Table 3, panel B, col. 6.

The corresponding large-shop estimates of capuistis per horsepower in 1911 (Table
3, panel A, rows 1 — 3 and 6 — 11, col. 6) arevéerifrom these last; the procedure is again
complex, and described in Appendix 2. Aggregatpitah costs are then estimated by
multiplying these figures by total horsepower (Eap] col. 3), and adding .125 times total labor
costs (Table 3, panel A, col. 4). The resultinginestes are transcribed in Table 3, panel A,
rows 1 — 3 and 6 — 11, col. 5. Total large-shdpevadded (panel A, col. 7) is then obtained
directly as the sum of labor and capital costsépaAncols. 4 and 5)°

For the reasons also detailed in Appendix 2, #msgs of 1938 appears not to permit the
construction of analogous estimates of capitalscpst horsepower in small shops. In the face
of this obstacle, the capital costs of the smalpshare here estimated, exactly like those for the
large shops, as .125 times the estimated totat adsi, plus their aggregate horsepower (Table
2, cols. 6 plus 9) simply multiplied by the estimatf net capital cost per horsepower in the
corresponding large shops (Table 3, panel A, gol. e resulting figures are transcribed in

'® These large-shop estimates warrant three commghtsfirst is that the estimates of total capitzits
(excluding the rolling-stock and shipbuilding inttiess) are sensitive to the assumed split betweteord
and power-related capital costs, but not, in thgregate, very much; replicating the above algorithm
with all capital costs tied to horsepower, and nankabor, the sum of the capital costs attributethe
industries involved would fall by some 10%, frone thear 116 million lire obtained here to 105 millio
lire, and the corresponding value added by 4%, f28& million lire to 279. The second is that the
census data point to a general rise in the horseplaor ratio from 1911 to 1938, inflated no dohipt
the shift from horsepower in use to horsepoweallest, but surely real enough; even assuming ket t
horsepower in use were just 60% of those installeell under the ca. 75% ratio suggested by the
metalmaking data), average horsepower per workaatipally doubled, from (126.4/229.3), or ca. .55
(from Table 2, cols. 2 and 3), to .6(1,054.0/60602a. 1.04 (from Table 3, panel B, cols. 2 andThe
third is that the census data (and the presemhasts) suggest that the share of labor costs weval
added was generally higher in 1911 than in 1938aming some 56% in 1911 (from Table 3, panel A,
separately aggregating cols. 4 and 7), and justi#a7P@38 (from panel B, 1.2 times the aggregateobf

4 divided by the aggregate of col. 5). Togethszse last two considerations point to the substriudf
machinery for labor as technical progress reduceddlative cost of equipment (in efficiency units)
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Table 3, panel A, col. 9. As before, small-sholueadded (col. 10) is obtained as the simple
sum of labor costs (col. 8) and capital costs @pl. Aggregate value added (col. 11) is in turn
the sum of the separate estimates for large stogbs7) and small shops (col. 10); summing
finally over the elements of col. 11 one obtaires ittdustry-wide aggregate of 827 million lire;
of this total, scarcely one quarter can be tracedhe well-documented shipbuilding and
railway-vehicles industries.

Il. THE STRUCTURE OF THE GENERAL ENGINEERING INDUSTRY IN 1911
1. Metal consumption

The concern here is with the structure of whatldbe called for convenience the
“general engineering” group, that is, engineeritgrs of thesui generisprecious-metal-
products industry, and also of the shipbuilding eaibivay-vehicles industries. The latter two
industries worked wood as well as metal; those idensd here are by definition (almost)
exclusively metal-working, and their wood-procegstounterparts (such as the construction of
wooden hydraulic engines) are attributed to thedaworking industry. The more fundamental
difference, for present purposes, is that the shigihg and railway-vehicles industries are
abundantly documented, so that detailed time-sesgmates can be (and have been) based on
direct evidence, while at the other extreme thdenge on the precious-metal-products industry
is so scanty as to preclude disaggregation; thelumsat hand is in between, with the
components so far identified at once amenable thdu disaggregation, and still so
heterogeneous as to warrant the effort.

The indirect evidence of this residual productiociudes of course the present group’s
apparent consumption of semi-finished (ferrous rmmatprecious non-ferrous) metal, calculated
here by adding net imports to estimated output,dedilicting estimated direct consumption by
other sectors (including construction and thetig#j as well as the shipbuilding and railway-
vehicles industries), Metal consumption of course constrains the imglisstotal product; but it
is a poor index of its movements, for average valdged per unit of metal is sensitive to the
composition of new production, and perhaps evenentorthe balance between (cyclical,
materials-intensive) new production and (trend-chatad, labor-intensive) maintenance. To
capture the evolution of the industry’s total pradone must track its composition, which cannot
be presumed to have varied uniformly, much leggt@ remained constant, over time; the path
of the industry’s various components must be recocted allowing for variations in their
relative shares of the total consumption of metlearly, too, the overall metal-consumption
constraint is more directly binding for the compainmdustries that consumed more metal, as
even a small relative change by a large consumgrimmaly an impossibly large relative change
by a small one, and even a large relative changa bynall consumer is without practical
conseqguence for the large one: the practical wpshbat the path of the minor consumers of
metal must be estimated from independent evidelsasjng the major consumers alone
constrained by the (residual) consumption of metal.

' This last correction, over and above the custgraaclusion of rails, is particularly significanthe
reductions to allow for railway chairs, rebars,elims, pipes, wire, and the like grow from 11% of
ferrous-metals consumption net of rails in 1862386 in 1913, while the net consumption of other
metals adds back just 3 to 5%, without much algetire resulting time path. The derivation of these
estimates cannot be described here; it is avaitablequest.
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To allow the time-series estimates to captureeti@ving structure of its product the
1911 benchmark estimates for the “general engimgelgroup at hand distinguish thirteen
separate components, only jointly (and, as noteffierentially) constrained by the total
consumption of metal. In general, the presentmeséis distinguish three activities:
maintenance, new production from metal, and alsberev relevant, new production by
assembling imported parts. This last is of cotnaeked directly by the corresponding imports;
it is their strongly cyclical path that suggestsythwere used as components of new machinery
rather than, as is common today, for replacemeimglmaintenancé’

These activities are here distinguished withinr foulustries. One is the fabricated
metal (*hardware”) industry, which corresponds ables 2 and 3, panel A, to rows 1 — 3 and 8
(this last on the above-noted presumption thatratipced traditional steelyards and weights,
“precision hardware” that is for present purposeyply hardware). Its new production (from
metal) is here estimated as a single aggregatejaistenance activity is instead divided into
three elements, distinguishing that by blacksmithgt by other smiths, and the residual.
Another is the “precision instruments” industry,igéhcorresponds in Tables 2 and 3, panel A,
simply to row 9; again simply, it is estimated asgke aggregate for new production (from
metal), and a single aggregate for maintenancehird is the “clocks and watches” industry,
which corresponds in Tables 2 and 3, panel A, sirtgolow 10; it is subdivided into two new-
production components (production from metal, apnaddsembling imported parts), and a single
aggregate for maintenance. The fourth is thedued) “general equipment” industry, which
produced structural components and (ordinary) nm&cij and corresponds in Tables 2 and 3,
panel A, to rows 6 and 7 together. Its maintenaaerity is again estimated as a single
aggregate; its new production, by three subaggesgat which one again refers to the assembly
of imported parts, and two to production from metibktinguishing that of truss-structure
components from that of everything else (generahimgry, other structural components).

In general, of course, value added per ton of Imaliabe higher in the new production
of complex and especially precision equipment timathat of hardware, much higher still in
maintenance, infinite in the mere assembly of irtggbiparts. But it also varies significantly
even within the present new-production categofigs.example within hardware as between
nails and needles, within residual general equipnan between pressure pipelines and
handguns, even within time-pieces as between taloeks and fine watches. The present
estimates remain very crude; but they are whabeawbtained with the sources so far recovered.

In outline, these benchmark estimates for 191Johtained as solutions to a system of
equations, summarized by the 38 matrix that appears as Table 4. Thirteen rows
correspond to the thirteen components to be estionas separate time series; the further ten
are subtotals and totals that are, by definitiampte sums of the others. Of the eight
columns, in turn, four correspond to the variableat are to be obtained as final or
intermediate estimates (respectively value addek®al prices, and physical product, on the
one hand, and metal consumption and the work faynethe other), the other four to the
coefficients that link the preceding (value added fon of output and per worker, and metal
consumption per ton of output and per worker). 8amalls are by definition empty (for
example, only the seven rows that correspond toelleenentary new-production series

% |n an age before cheap air freight, it would sefemms simply did not have the now low-cost option

of obtaining parts from the manufacturer as thgypleaed to be needed. Had replacement parts been
ordered as needed from the original manufactueentachines’ down-time would have been long and
costly, had original spare parts been held in stoekntories would have been large and costly; the
least-cost solution, it would appear, was simplynend or remanufacture parts as needed, incurring
high direct production costs but saving the eveeatr costs of waiting, or of keeping large
inventories.
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include estimates of physical output, and of theresponding value added and metal
consumption per unit), some obviously null (metaisumption in mere assembly); others are
filled by specific direct estimates (for examplag tindustry-total work force figures, the
input-output ratios, the quantities of assembledspaor by extrapolation (about which more
below). When enough cells are filled, the equatitirat link the cells can of course be solved
for the remaining unknowns. The evidence for 1&14s noted particularly rich; but as will
be seen forthwith even the estimates for that geads make use of the available information
pertaining to the earlier census-year benchntarks.

2. Maintenance and new production: the approach

For the broad aggregates in Table 4, rows 6 (fated metal), 12 (general equipment),
15 (precision instruments), and 20 (clocks and kesf; some estimates are at this point ready-
made. The value added estimates in col. 1 simn@hstribe from Table 3, panel A, col. 11 the
sum of rows 1 — 3 and 8 (fabricated metal, into ®wthe sum of rows 6 — 7 (general
equipment, into row 12), row 9 (precision instrumsermto row 15), and row 10 (clocks and
watches, into row 20); the sum of these partialrég is the industry-group total in row 23. The
analogous labor-force estimates in col. 4 are anyilbbtained from the same rows of Table 2,
col. 11; and the corresponding estimates of avevalyee added per worker in 1911 (Table 4,
rows 6, 12, 15, 20 and 23, col. 6) are then obthdectly as the ratio of total value added (col.
1) to total workers (col. 4).

The estimates of value added and metal consumpéomon of output (rows 1, 7 — 9,
13, and 16 — 17, respectively cols. 5 and 7) aneetbfrom independent evidence, as described
in Appendix 3 below.

The estimate of the group’s aggregate metal copgsom(801,000 tons) is transcribed in
Table 4, row 23, col. 3; divided by the aggregatsot force (col. 4), it yields an average just
over two tons per man. This figure is well abdwesk for the earlier census benchmarks, which
grow monotonically from .54 tons per worker in ifetent) 1871 to .80 in (prosperous) 1881,
and 1.08 in (depressed?) 1900, but still far belogvvalues in the middle of the distributions
generated by the Grioni sample documented in Apgperable 1, at least for the larger of the
industries at hand (fabricated metal, heavy engimgexcluding road vehicledj. There is no
reason to dismiss Grioni’'s micro-data, even if tiietal consumption per worker they imply is
high next to the overall average calculated for11%nd if one accepts them the inescapable
conclusion is the obvious one, to wit, that themripancy at hand is due first and foremost to the
fact that the 1911 census includes, and Grionispda essentially excludes, large numbers of
small-shop workers and artisans engaged in maimtenawith a relatively low per-capita
consumption of metaf

I The earlier census-year benchmarks refer to 18@1.881 (when the census was taken at the end of
the year, and to 1900 (marked by a peak in metadwoption, suggesting that the census taken very
early in 1901 reflects the results of that progpdretter than it does those of the subsequensyriso
census was taken in 1891, and the 1861 censusilackgitable disaggregation of the labor force.

22 U. Grioni, Annuario della industria mineraria (per i mineralnetalliferi), metallurgica, e
meccanica in Italia. Anno 1, 1913/12 vols., Milan, 1914. The sample and the deiavaf
Appendix Table 1 are described in Appendix 4. WRkscription of the derivation of the (pre-1911)
census-benchmark labor force estimates is avaitablequest.

% The sample figures refer to output weight per tokar worker rather than input weight per total
worker, but the differences in the numerator areddanominator tend to offset each other; moreover,
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The share of maintenance in total employment abdevadded can only be estimated,
but the logical problem is straightforward. Igmgriits internal subdivisions, the industry is
divided into a new-production sector, and a maeatee sector; aggregate value added, metal
consumption, and employment are given, in 1914ravalue added and metal consumption per
unit of output. The lower the share of aggregateployment and) value added attributed to
maintenance in 1911, the higher value added, aeceftre metal consumption, in new
production, and the lower, therefore the residuaiainconsumption available for maintenance,
overall and per maintenance worker, in 1911; sthedatter consumption must be positive, the
share of maintenance in aggregate value addedlih i&® an obvious lower bound. The higher
the share of aggregate value added (and employnagtnf)uted to maintenance in 1911,
conversely, the higher the residual metal consumgtvailable for maintenance, overall and per
maintenance worker, again in 1911. But as one beek in time, aggregate maintenance is
indexed directly by independent evidence, and J®ik value added, employment, and metal
consumption in maintenance are correspondinglyrai@ted. At the earlier benchmarks, these
estimates yield as residuals the labor force an@lneensumption in new production, and the
corresponding metal consumption per worker (inclgdinemployed workers, but as noted the
share of the latter was plausibly small in 1871 aegligible, as in 1911, in 1881). At the early
benchmarks, average metal consumption per workerelgtively low; the average in
maintenance varies directly with that calculated 811 (as the activity-specific figures are
constant, and the average varies only becausertiative weights vary over time), and the
higher it is, the lower is the implied average swnproduction. But metal consumption per
worker must always have been many times highereim production than in maintenance: a
reasonable ratio between the two at the 1871 besmdhmequires that estimated metal
consumption per worker be sufficiently low in 191Hat is, on the logic outlined above, that the
share of (employment and) value added attributethdmtenance in 1911 also be sufficiently
low. In short, the share of maintenance in 191hoignded from below by the implied metal
consumption in maintenance in 1911 itself, and frabove by the implied ratio of metal
production per worker in new production to thatmaintenance decades earlier; and the margin
between these two bounds turns out to be pleasnaghpw.

In practice, of course, the internal subdivisiohshe industry cannot be ignored, and in
Table 4 the estimates of value added and employmemaintenance are to be obtained for rows
2 — 4, 11, 14, and 19. They are here obtainedhenassumption that maintenance was
everywhere a small-shop handicraft activity perfednwith minimal tooling; value added per
worker is estimated as the average small-shop \thgeatio of Table 3, col. 8, to the sum of
Table 2, cols. 5 and 8, with rows 3 and 8 therelinad to obtain row 4 here, and rows 6 and 7
there combined to obtain row 11 here; the impbgsumption that that the share of women,
boys, and girls was the same whether the small ehgaged in maintenance or new production
is inevitable, given the typical preponderance aintenance activity among the small shops),
times 1.125 to allow for labor-related capital sdsts above), times a further scale fattbiat
captures the residual differences between maintenand new production (for example, a
differential use of hand tools; this parameterresspmably near 1.00, but not necessarily above
it). The industry-specific share of maintenancén estimated on the assumption that the large

while the Grioni sample firms were above averagbdth size and power-intensity, within that sample
neither variable is significantly correlated wittoguct weight per worker. In the later 1930s, dthuly,

the large engineering shops of the day consumed &amillion tons of metal, or just over 3 tons éach

of their 600,000-odd worker€énsimento i. e cvol. 3, p. 72, and above, Table 3): a relatively
average apparently in line with the above pre-wgurés and inconsistent with the Grioni sample, on
reflection entirely consistent with the latter rfieallows for the great increase in automobile @raztaft
production.
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shops covered by the industrial census were deastgeely to new production, with a “high”
value added per worker, and that the remainingl{sefeps, with a “middling” value added per
worker, were a mix of new-production shops witthagh” value added per worker equal to that
in the large shops, and of maintenance shops hatlestimated “low” value added per worker;
given the way the employment and value added esswaere constructed (above, part ), the
algorithm in effect uses the shops’ relative simd @ower-intensity to discriminate between
maintenance and new production. With the “middlisgall-shop value added per worker thus
defined as a weighted average of the “high” figiwrenew production and the “low” one in
maintenance, the higher the “low” figure, the geedls weight in the “middling” one; and given
average wages, that “low” (maintenance) figureesadirectly with the above-mentioned scale
factor f, for asf rises so do the estimated shares of (small-shdpt@al) value added and
employment absorbed by maintenance. On the lagimed above, as the maintenance share of
total value added (and employment) increases,waeath metal-consumption constraint is more
readily met without pushing other estimates beytralr reasonable limits; by (reasonable)
assumption, however, the maintenance share canenevexceed 100% of small-shop (value
added and) employment. To keep all the industiidsand below the latter limik,is here set
equal to 1.025; the resulting estimates of valugeddper worker in maintenance in 1911 are
transcribed in Table 4, rows 2 — 4, 11, 14, ancc@b 6.

3. Maintenance and new production: fabricated metal, precision instruments, clocks and
watches

In blacksmithing, therefore, average value addadwmrker in large (industrial-census)
shops is estimated as the ratio of value adde@g&®68illion lire, Table 3, panel A, row 1, col. 7)
to employment (39,750 workers, Table 2, row 1, 2pl.or 1,752.96 lire; average value added
per worker in other shops is similarly estimatesitfee ratio of 146.98 million lire, Table 3, panel
A, row 1, col. 10 to 110,850 workers, Table 2, rbveol. 5 plus col. 8), at 1,325.94 lire. Setting
1,325.94 =a1,292 + (1 -a)1,752.96 and solving (the share of maintenance in total other-shop
employment) works out to just over 92.6%. In Ta#hlerow 2, therefore, the maintenance-
employment estimate in col. 4 equals 102,690 werfgetimes 110,850), and the corresponding
value added estimate in col. 1 (132.68 million) lisesimply the product of cols. 4 and 6; with
1.00, and not 1,292 but 1,260 lire per worker in @ofor example, the estimates in cols. 1 and 4
would be 120.99 million lire and 96,020 workerspectively.

The corresponding estimates of value added andogment in other fabricated-metal
maintenance in Table 4, rows 3 and 4, cols. 1 aatk4dobtained exactly like those in row 2,
using the corresponding estimates in Tables 2 apdr&l A (respectively rows 2, and 3 plus 8,
there for rows 3 and 4 here). The calculated reaamice shares of small-shop employment
equal some 90.3% for other smiths (row 3), neafithee obtained for blacksmiths, and 31.8%
for the residual; the disparity between these &glguggests on the one hand that some hardware
received no maintenance at all (thus nails, tinscamd so on), and on the other that the
maintenance workers were mostly general-purposéhsrtend of course knife-grinders, who
account for about half of those attributed to #dual in row 3). Table 4, row 5, cols. 1 and 4
report the estimates of aggregate value addedraptbgment in the maintenance of fabricated
metal, obtained as the sum of the partial estimatesws 2 — 4. With these last in place, the
estimates of value added and employment in thepreduction of fabricated metal in Table 4,
row 1, cols. 1 and 4 are obtained as residualsiaiied the maintenance totals in row 5 from the
industry totals in row 6. The rest of the new-pitbn estimates in row 1 are immediately
obtained: output (col. 2) as the ratio of totduesadded (col. 1) to value added per unit (cql. 5)
total metal consumption (col. 3) as output (colti®)es the input-output ratio (col. 7); value
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added per worker, as the ratio of total value addetl 1) to employment (col. 4); and metal

consumption per worker (col. 8), as the ratio ¢dltanetal consumption (col. 3) to employment
(col. 4). This last figure works out to 5.49 tqrex worker, or 4.07 tons of output per worker,
and perhaps 4.42 tons of output per blue-collakerffrom the large-shop estimates in Table 2,
rows 1 — 3 and 8, cols. 1 — 2): below the mediam,well above the fortieth percentile, of the

distribution obtained from the Grioni sample (ApgerTable 1, panel A, col. 7).

The derivation of the estimates for the precismstruments industry is similarly
straightforward. The estimates of value addedeangloyment in maintenance in Table 4, row
14, cols. 1 and 4 are obtained exactly like thasmw 2, using the corresponding estimates in
row 9 of Tables 2 and 3, panel A; the calculatedntenance shares of small-shop activity
equals 53.2%. The estimates of value added antbgment in new production in Table 4, row
13, cols. 1 and 4 are then obtained exactly likesehin row 1, by deducting the maintenance
figures (here simply row 14) from the correspondmdystry totals (row 15); and these yield the
remaining new-production estimates in row 13, thlothe same simple calculations as were
used to complete row 1. Again proceeding as almve deduces from the resulting estimate of
metal consumption per worker (col. 8) that the iewloutput per blue-collar worker was
something under two quintals per year, a figurd wehin the broad range defined by the few
relevant figures in Grioni’'s sample (Appendix Tablganel E, col. 7).

In the case of watchmaking, the algorithm used/abgelds a “low” value added per
worker of 1,535 lire, whence a low-value added &stap employment share of no less than
99.5%, or 7,760 workers with a value added of 1i@llon lire; but in watchmaking these low-
value-added handicraft activities presumably ineltite assembly of imported parts. The above
estimate of 1,535 lire per worker thus appearsabld 4, col. 6, both in row 16 (assembly) and
in row 19 (maintenance). Mere assembly (row 1@&)l@ved 8,000 lire per ton (col. 5) and 160
tons of output (from the import data), whence aeadded of 1.28 million lire (Table 4, row 16,
col. 1), and, given value added per worker (cql88p workers (col. 4). Since the large shops
employed just 900 blue-collar workers (Table 2, @y col. 1), and as noted in Appendix 3 the
Borletti works alone over 600, these assembly wesrkeere at least preponderantly in small,
artisanal shops. For simplicity, and ignoring jassexceptions, all are here attributed to such
shops** Maintenance is accordingly attributed the reditloav value added per worker” value
added, or (11.91 — 1.28) = 10.63 million lire (r@®; col. 1), and employment, or (7,760 — 830)
= 6,930 workers (row 19, col. 4). The estimatévalue added and employment in new
production from metal in Table 4, row 17, colsntld are of course the industry totals (row 20)
less those attributed to assembly and maintenagegher (11.91 million lire and 7,760 workers,
separated into assembly in row 16 and maintenancew 19); and these yield the remaining
estimates in row 17, through the usual simple ¢aticms. Total value added and employment
in new production (row 18, cols. 1 and 4) are afree the simple sums of the separate estimates
for assembly (row 16) and production from metaim(f).

4. Maintenance and new production: general equipment

The derivation of the estimates for the generalpgent industry is the most complex.
Here, the application of the usual algorithm to thkevant data in Tables 2 and 3, panel A
(summing over rows 6 and 7) yields an estimated™lealue added per worker of 1,331 lire;
this figure is attributed to maintenance (Tableofy 11, col. 6). The difficulties stem from the

** On the exceptions see Direzione generale dellistta, Statistica industriale. Riassunto delle
condizioni industriali del RegntenceforttRiassunto industrialevol. 1, Rome, 1906, p. 58.
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distinctions within new production. As in watchnmak new production includes the assembly
of imported parts; but whereas assembling watchharesms was plausibly the work of artisans,
the assembly of machines that were made of, orpocated, imported parts was presumably the
work of (large) new-production shops. Value adged worker is accordingly estimated as
average large-shop labor costs per worker (Takparel A, row 6 plus row 7, col. 4, divided by
Table 2, row 6 plus row 7, col. 2), again times25.10 allow for labor-related capital costs (as
above), and again times the scale fattod.025, or 1,387 lire per worker (Table 4 , rowcdl,
6). Assembly is further allowed 14,180 tons ofpoit(again from the import data) and 300 lire
of value added per ton (col. 5, from Appendix Iewce a total value added of 4.25 million lire
(col. 1), and, given value added per worker (chlaé estimated employment of 3,060 workers
(col. 4). With assembly assigned to large shdyeslétter are attributed, for their new production
from metal, a value added of 167.55 million liree(tL71.8 in Table 3, panel A, rows 6 plus 7,
col. 7, less that in assembly) and 75,740 workides 78,800 in Table 2, rows 6 plus 7, col. 2,
less those in assembly), or a value added per wprgieover 2,212 lire. Again taking the small
shops’ value added per man (Table 3, panel A, fopisis 7, col. 10, divided by Table 2, rows 6
plus 7, col. 5, or just over 1,587 lire), as a wieg sum of the large-shop average in new
production from metal and the average in maintem@&h@31 lire), maintenance is attributed just
under 71% of total small-shop employment (Tableof;s 6 plus 7, col. 7), or 24,690 workers
(Table 4 , row 11, col. 4) and, at a value addet, 881 lire each (col. 6), a total value added of
32.86 million lire (col. 1).

Deducting the maintenance value added and empldyestimates in Table 4, row 11,
cols. 1 and 4 from the industry totals in row 12lgs the new-production totals in row 10;
further deducting those attributed to assembly (fpwone is left with a value added of 189.92
million lire, and 85,850 workers, for general-equgnt new production from metal, that is, for
the manufacture of truss-structure components erotie hand (row 8) and the residual on the
other (row 9). The output of truss-structure congras is estimated at 41,770 tons (row 8, col.
2), again from independent evidence (in fact aryedata point, extrapolated by suitably
weighted constructiorf). It implies a value added of 14.62 million lire\{r 8, col. 1, from cols.
2 and 5), and a metal consumption of 50,120 toois & from cols. 2 and 7). The residual is
accordingly left with the remaining 175.30 milliire of value added (row 9, col. 1), which in
turn implies an output of 194,780 tons (col. 2nrrools. 1 and 5) and a metal consumption of
234,480 tons (col. 3, from cols. 2 and 7), whentsad metal consumption in new production of
293,600 tons (row 10, col. 3, from rows 7 — 9).| thlat remains is the allocation to truss-
structure components and other production from Inoéthe 85,850 workers assigned to the two
together; and given the other estimates the wadeftigures in col. 4 obviously determine value
added per worker (col. 6, obtained as col. 1/cphrtl metal consumption per worker (col. 8,
obtained as col. 3/col. 4). The compatible esemah rows 8 and 9, cols. 4, 6, and 8 vary
inversely to each other; and with the manufactdreamponents in row 8 a much smaller
industry than the residual in row 9, a given reathange in row 9 will involve a much larger
relative change in row 8, and vice versa. In ganene would expect value added and metal
consumption per worker to be significantly highertiuss-structure components than in the
residual, as the former involved only the (capitédnsive) fabrication of the metal, while the
latter typically included the (labor-intensive) esdly of the resulting pieces. The most useful
data here seem to be the output weights per blisr-@oorker in the Grioni sample (Appendix
Table 1, col. 7); median values are there neato®s8per man in structures (panel B), and 3.0 in
general machinery (panels C — E, merged and pwfyjst low precision-equipment figures).
Allowing for the slightly different input-output edficients, these output tonnages point to an
input tonnage per man in structural componentstié@s that in general machinery; metal

%5 Once again, the description of the procedure dasmprovided here, but is available on request.
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consumption is here set at 9.09 tons in structocshponents (row 8, col. 8), whence a

corresponding work force of 5,510 (row 8, col. #taned as col. 3/col. 8), leaving to the

residual industry 80,340 workers (row 9, col. 4fhaa metal consumption of 3.03 tons per
worker (col. 8, obtained as col. 3/col. 4). Theuteng estimates of value added per worker are
obtained as the ratio of col. 1 to col. 4; the fegwbtained for (capital-intensive) structural

components (row 8, col. 6) is over 20% higher ttineat in the residual (row 9, col. 6) and some
90% higher than that in (labor-intensive) assenftdw 7, col. 6), and these proportions too do
not appear unreasonable.

5. Maintenance and new production: metal consumption

Table 4, rows 21 and 22 transcribe the new-praolu@nd maintenance totals. New-
production value added, metal consumption, and @yn@nt (row 21, cols. 1, 3, and 4) are
simply the sums of the industry figures in rowd.Q, 13, and 18, and these yield the per-worker
averages in cols. 6 and 8. Maintenance value aalai@@mployment (row 22, cols. 1 and 4) are
similar sums of industry figures (rows 5, 11, 14d 49); metal consumption (col. 3) is obtained
as a residual (row 23 minus row 21), and the peak&roaverages are again obtained from the
obvious ratios. Interestingly, maintenance apptaeccount for 40% of value added, and half
the work force, but a trivial share of metal conption (ca. 1%, as calculated, equivalent to
perhaps half a quintal per worker; but this an obsfy imprecise residual).

The last step is the allocation of estimated twtedal consumption in maintenance (row
22, col. 3) to its components: maintenance byksiaiths (row 2) and by other smiths (row 3),
of other fabricated metal (row 4), of general equept (row 11), of precision instruments (row
14), and of clocks and watches (row 19). Thiscallion is in proportion to the employment
estimates in col. 4, suitable weighted. Blackssn{tlow 2) and other fabricated-metal workers
(row 4) are allowed a unit weight; since iron peeee typically far heavier, for any given size
and shape, than pieces of copper or other metah gvconversely, more often reforged than
patched, the employment of coppersmiths, tinsméhd, the like (row 3) is discounted by four
fifths. Because the maintenance of precision eqeig seems in the main to result from
maladjustment rather than breakage, and the part/ed are typically small, the corresponding
employment figures (rows 14 and 19) are discoubyeskven eighths. To reabsorb the resulting
rounding error, finally, the largest metal-consuimptestimate, that for blacksmiths, is reduced
by 10 tons.

In general equipment, on the other hand, maintanauas in essence the maintenance of
machinery, as the maintenance even of metal stescts attributed to the construction industry;
and the manufacturing of replacement parts for mashvould seem to consume far more metal
per worker than repairs by blacksmiths, which wapgear typically to involve reforging, with
no more than minor patching. General-equipmentnteaance workers (row 11) are
accordingly attributed a treble weight. Dividirgetresulting metal consumption (row 11, col. 3)
by the corresponding input-output ratio (row 9,. &9l the implied production of replacement
parts works out to some 3,000 tons. Value adddgbermaintenance of general equipment is
calculated at near 33 million lire (row 11, col; @jth a value added per ton of parts of 900 to
1,200 lire (1.5 to 2.0 times the 600 lire allowédwee for parts of new machines, to allow for the
relative inefficiency of one-off production), thiage of that value added represented by the
manufacture of replacement parts works out in torsome 8 to 11%, which appears reasonable
enough.

The metal-consumption (subtotals and) totals wsré — 6, 12, 15, and 20, col. 3, are
then obtained as the obvious sums; the correspppdinrworker estimates in col. 8 are in turn
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obtained as the ratios of the corresponding metaswmption figures in col. 3 and employment
estimates in col. 4.

The critical validation of the proposed solutianthe equations summarized by Table
4 is to be found in the lower right-hand cornerthe estimates of metal consumption per
worker in new production on the one hand and maartee on the other (rows 21 and 22, col.
8; the overall average in row 23 is for presenppses a given). These work here essentially
as micrometers, leveraging small variations inteevtably large ones: given the data, given
the estimated coefficients, they tightly constrtie estimated breakdown of the aggregate
into new production on the one hand and maintenandbe other.

The lower bound to the share of maintenance iernat to the year 1911: the
estimated metal consumption per worker is lowh#& maintenance share of value added is
reduced at all, it quickly becomes negative.

The evidence for 1911 provides no correspondingeugpound: metal consumption
per worker in new production is near ninety timeattin maintenance, the estimate for the
latter could be multiplied many times over withécoming intrinsically implausible. But as
one goes back in time metal consumption per maames worker is affected only by the
changing mix of the stocks maintained, and vaiitéls;|the precipitous decline in the overall
average noted above appears perforce in metal cgtgn per new-production worker, and
if the maintenance share in 1911 is raised athallitnplied ratio of metal consumption per
new-production worker to metal consumption per reance worker in 1871 quickly
becomes too close to one to be credible.

[11. ON METHOD

The above reconstruction of the engineering inglissproduct in 1911 prompts some
concluding considerations on method: specificaltlythe non-independence of cross-section
estimates from the related time-series evidenceg igenerally on our approach to the sources.

Time series can of course be anchored by cros®isgccross-sections built up by
juxtaposing elements of time series; that muclbisaus, and need not detain us here. The less
obvious point is that cross-sections may well reggupporting time series to be (properly)
built up at all; the reason is of course that thidence we have for the year in question is often
ambiguous, and the related time series help retthat@mbiguity.

Various such occurrences have been noted abosidhear need only be recalled. An
obvious example concerns the proper interpretatidghe demographic-census labor force data,
notably as a guide to the employment levels thatneed to estimate. As seen above, the
intersectoral mobility of workers (and in partiauthe unskilled) means that the reported labor
force can even fall short of actual employment; &un in more normal cases, when such
overfull employment can be ruled out, the propdovednce for unemployment cannot be
pinned down from the cross-section evidence aldely the production time series can tell us
whether the industry was experiencing normal growthin the throes of a temporary or
permanent collapse: whether the appropriate attoe/dor unemployment is a “frictional” few
percent, an altogether higher “cyclical’ percentamean even higher “technological’ one, as
when a once prosperous industry has suddenly bects@ete and is destined shortly to
disappear altogether.

?® The description of the extrapolation that yields estimates at the earlier census-year benchmarks
cannot be provided here either, but is again edlailan request.
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Another example concerns goods rather than lafdre trade data record imports of
machine parts, but there is nothing in the soucceell us whether these were used for
maintenance or for new production. The use we nwkthem depends critically on our
understanding of their actual destination; andess)sabove only the behavior of the related
time series allows us reasonably to infer it.

The most dramatic example comes of course fromstilation to the system of
equations that underlie Table 4. As noted, thelende internal to the year 1911 limits the
likely share of maintenance in total value addely (mom below; the upper bound begins to
become stringent only decades earlier, and a wabtcained estimate for 1911 can only be
inferred by going sufficiently far back in time.

But there is more. The sources must be vettesl paust understand what they actually
contain, quite apart from what they claim. An ipesienced scholar building a cross-section
estimate of ltalian industrial production in 1911llwaturally borrow the figures on the
production of quarry and non-metallic mineral prctdureported for that year by the Corpo
delle miniere: without a second thoughtBut second thoughts are very much in order: the
construction of the related time series at thelle¥¢he individual mining district reveals that
those production data changed very little from yeayear, and leads one finally to discover
that the Corpo delle miniere last measured suctyatemn in 1901. The figures published in
the subsequent years simply repeated the lategthid, those for 1901 with no more than
occasional minor updates; by 1911 they were esdgndi decade old, and entirely missed the
effects of the intervening boom in constructfdn.

Nor is that all. The reports of the Corpo dell@isre are among the richest sources of
annual production figures (on the mining indusiriasd the further processing of their
products), in an admittedly bleak landscape. Tggneers who filed those reports were a small
number of men, with their occasional idiosyncracgeseconstruction of the personnel series, of
who served where and when, helped clarify some rappaliscontinuities in the reported
production figure$®

The more general point, which is here amply docue® is that “the data” in the
sources are not to be taken at face value: thegarstructs, the product of particular interests,
methods, and mind-sets; to be used at all sensitdy,must be deconstructed.

APPENDIX 1: ESTIMATED EMPLOYMENT OF LABOR AND HORSEPOWER

The non-specialized-shop labor and horsepowended by theCensimento industriale
in the mixed categories and here allocated to #wgows components of the engineering
industry include all of those in the narrow catég®rd.3, 4.40, and 4.», which must of
course be retained within the higher-level grogsggectively 4.3, 4.4, 4.5), all of categorp2.
(which straddles those three groups), and only gfatthose in category @1 (which includes
metalmaking as well as engineering) and again@btibader categories31 andw.71 (which
straddle category 4 and 3 or 5). Allowing metalmgkand engineering together all the
workers and horsepower in categoryp®.and half of those in categori@s31 andw.71, one

2" Corpo delle miniereRivista del servizio minerario 191annual).

%8 The Corpo delle miniere did not in fact hide thisf neither did they attach a warning to thataffe
directly to the reported production figures.

29 3. Fenoaltedtalian Industrial Production, 1861-1913: A Staiisl Reconstructionin progress.
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obtains totals of 33,279 blue-collar workers, 38,&6tal workers, and 31,579 horsepower in
large shops and 730 blue-collar workers, 1,298 totakers, and 385 horsepower in small
shops, or, in all, 34,009 blue-collar workers, 8&,9otal workers, and 31,964 horsepower;
deducting the 4,500 plus 1,600 blue-collar workBB00 plus 1,900 total workers, and 14,700
plus 1,500 horsepower assigned above to ferroumamnderrous metal production (categories
4.1 and 4.2, on large and small shops togethes, abtains residuals for the engineering
industry of 27,909 blue-collar workers (ca. 82.1P4he total for metalmaking and engineering
together), 30,062 total workers (ca. 81.3%), and@% horsepower (ca. 49.3%). Applying for
simplicity these percentage shares to the septgares for large shops and small shops, one
obtains engineering-industry estimates of 27,31@sbllar workers, 29,006 total workers, and
15,574 horsepower in large shops, and 599 bluefcalbrkers, 1,056 total workers, and 190
horsepower in small shops. Adding to these thgieering-industry) workers and horsepower
in category 4»2, finally, one obtains engineering-industry tot@scategories &, .31, and
®.71 that round to 37,450 blue-collar workers, 30,8%al workers, and 20,800 horsepower in
large shops, and 2,200 blue-collar workers, 4,458 tvorkers, and 500 horsepower in small
shops.

The allocation of these begins with the elemeritscaiegory 4.4, for which the
Censimento demografigeports no artisans, and the coverage ofXesimento industriales
in principle complete. In Table 2, rows 4 and feré¢o categories 4.42 (railway vehicles) and
4.44 (shipbuilding); since (specialized) small-shemployment was there exiguous, the
workers not in theCensimento industrialepecialized shops are all attributed to large shops
The estimate€ensimento industrialgures for blue-collar and total workers and hpsger
in small shops (cols. 4 — 6) accordingly reprodumerely rounded, the industrial-census data
for specialized small shops; the estimated figimesdarge-shop blue-collar and total workers
are simply the (rounded) totals in tlensimento demografictess those attributed to small
shops. The corresponding horsepower estimatedl.il3 @re in turn obtained as the estimated
number of blue-collar workers (col. 1) times thao@f horsepower to blue-collar workers in
specialized large shops (from Table 1, so thatatge shops in category 4.42, for example, are
attributed 43,700 times .753, or, rounded, 32,96@, 4, col. 3). Absent omitted operations
cols. 7 — 9 are all zero, and the totals in col-1I2 correspond to the sums of cols. 1 and 4, 2
and 5, and 3 and 6, respectively; these of coetserin cols. 10 — 11 the (rounded) blue-collar
and total-worker figures in the demographic census.

Row 6 refers to the rest of category 4.4. Thellsshap figures needs include, in
addition to the sums of the specialized small-sthaja for categories 4.41, 4.43, and 4.45, all
those for non-specialized small shops in categofy,4as none of these were attributed to
categories 4.42 or 4.44; one notes that these periadized small shops employed just .11
horsepower per total worker, much like those irB4lcycles, automobiles), and far less than
the others. The residual workers counted by tmeodeaphic census in categories 4.41, 4.43,
and 4.45 but not included by the industrial censuse specialized large shops of those same
categories, or in the small shops of those catega@md category 4xtogether, number 4,829
blue-collar and 5,388 total workers; and theiraatiiggests that they were essentially in large
shops. The small-shop figures in cols. 4 — 6 laeeefore the simple sums of categories 4.41,
4.43, 4.45, and 4#l and the estimated numbers of blue-collar and vatekers in large shops
in cols. 1 and 2 are all the other workers coulgthe demographic census in 4.41, 4.43, and
4.45 (col. 10 less col. 4 and col. 11 less colréspectively). As before, the large-shop
horsepower estimates in col. 3 are obtained asdtimated number of blue-collar workers (col.
1) times the ratio of horsepower to blue-collar kews in specialized large shops (48,150 times
.574, rounded). Again as before, absent omittedlations cols. 7 — 9 are all zero, and the totals
in col. 10 — 12 correspond to the sums of colsxdl4g 2 and 5, and 3 and 6, respectively.
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The sums of the present estimates for small stemps. 4 — 6) in rows 4 — 6 return, by
construction and within rounding error, the indiagtcensus totals for category 4.4. The sums
of the corresponding estimates for large shops(dot 3) instead exceed those totals by some
2,550 blue-collar and 3,400 total workers, and @,80rsepower. Of the engineering-industry
components of categoriessd.».31, andw.71 estimated above, therefore, there remain for
categories 4.3 and 4.5 some 34,900 blue-collar everk36,550 total workers, and 18,800
horsepower in large shops, and (as before) 2,208 dsllar workers, 4,450 total workers, and
500 horsepower in small shops.

The components of category 4.5 are estimated n&kis group is divided into five
components, which refer respectively to (ordinaeguipment and machinery, (ordinary)
weights and scales, precision (optical, scientdim] musical) instruments, clocks and watches,
and precious-metal work. The first of these (Tdhleow 7) covers categories 4.54, 4.55, 4.57,
and 4.58; in these categories, as in all of catedat, theCensimento demografiageports no
artisans. Category 4x5includes only small numbers; they are attributetir@y to this first
group, on the presumption (or simplifying assumptithat specialization was altogether more
likely among the manufacturers of precision equiphand precious-metal products (and even
within these last, judging from the very differgpbwer-intensities of the large shops in
categories 4.59 and 4.510 Summing over the categories attributed to tpisup, the
Censimento demografiaeports some 28,000 blue-collar and 33,700 totakers, as against
26,100 and 30,700, respectively, in ensimento industriale The differences equal 1,900
blue-collar and 3,000 total workers, for a ratio10%8 total workers per (hired) blue-collar
worker, against 1.11 in specialized large shopslaéd in specialized small shops, suggesting
that these workers were overwhelmingly in smallpsho In consequence, the large-shop
estimates in Table 2, row 7, cols. 1 — 3 are than@ded) simple sums of the industrial-census
specialized-shop data for the five categories addhaThe small-shop blue-collar and total
worker estimates in cols. 4 and 5 are the demograggmsus totals in cols. 10 and 11 less the
large-shops figures in cols. 1 and 2, equal tarttlestrial-census specialized-small-shop figures
(respectively 3,250 and 5,400) plus the differermstsveen the census totals (1,900 and 3,000,
respectively, as noted). The small-shop horsep@s@mate in col. 6 (1,300) is the rounded
product of the total number of small-shop worked.(5) and the industrial-census specialized-
small-shop ratio of horsepower to total worker$3,1from Table 1). Cols. 7 —9 are all zero, as
for category 4.4, and col. 12 is the simple suroaté. 3 and 6.

Table 2, rows 8 — 11 cover the other four comptmeh category 4.5; these refer
respectively to weights and scales (4.52), preatisistruments (4.51, 4.56), clocks and watches
(4.53), and precious-metal work (4.59, 4.p1@iven the presumption of specialization in all
the shops concerned, the large- and small-shamass in cols. 1 — 3 and 4 — 6, respectively,
simply round the appropriate (sums of the) indakttensus data, and the estimates of the
workers missed by th€ensimento industrialare obtained as residuals (col. 7 as col. 10 less
cols. 1 and 4, and col. 8 as col. 11 less colad?5. The estimates of total horsepower in col.
12 are instead the simple sums of the census-sinae$ in cols. 3 and 6, and the estimates of
the horsepower missed by the industrial census 9olhe latter are derived, rather tentatively,
on the assumption that both power-intensity anchited (blue-collar) share of the total work
force increased systematically with shop size.

Using the unrounded underlying data in Table Igi@gating as necessary over the
appropriate categories), one obtains for weightssamales (row 8) .88 blue-collar workers and
.18 horsepower per (total) worker in industriales large shops, and .57 blue-collar workers
and .042 horsepower per worker in industrial-cersuall shops; for precision instruments
(row 9), respectively .84 and .31 in the large shapd .63 and .13 in the small ones; for clocks
and watches (row 10), respectively .89 and .3hénlarge shops, and .40 and .017 in the small
ones; in precious-metal products (row 11), respelsti.88 and .12 in the large shops, and .58
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and .033 in the small ones. In the omitted shagisg the rounded estimates in Table 2, cols.7
and 8, the blue-collar share of the work force warlat to .64 in weights and scales (row 8), .67
in precision instruments (row 9), .38 in clocks avatches (row 10), and .55 in precious-metal
products (row 11).

In precision instruments (row 9), as is obviowsfrTable 2, cols. 4 — 5 and 7 — 8, the
blue-collar share of the work force in omitted shap within rounding error of that of the
census small shops; the omitted shops’ horsep@asarcordingly estimated as their work force
(col. 8) times the census-small-shop horsepowewpéter indicated above (.13, with the result
again rounded to the nearest 50). In clocks antth&a (row 10) and in precious-metal
products (row 11), the blue-collar share of thekaforce in omitted shops is marginally lower
than that of the census small shops, and somewbig so in the former industry than in the
latter; the omitted shops’ horsepower is here egéohas their work force (col. 8) times the
census-small-shop horsepower per worker, simplgded down (from .017 to .015 in the case
of clock and watches, from .033 to .030 in thatpocious-metal products, with the results
again rounded to the nearest 50). In weights aalés (row 8), finally, the blue-collar share of
the work force of omitted shops (.64) is perceptituigher than that of the census small shops
(.57), though still well below that of the censasgke shops (.88). Taking the first of these
figures as a weighted average of the latter twal applying those weights (.77 and .23,
respectively) to the corresponding horsepower perker (.042 and .18, respectively), the
omitted shops are here attributed .074 horsepoarewprker, for a rounded total of 50 (Table
2, col. 9).

Table 2, rows 1 — 3 cover category 4.3, here disggted to distinguish only
blacksmithing (4.31), other smithing (4.32), anestmetal fabrication (4.33 — 4.311Since
smithing is by nature general-purpose and not afieed by product, the industrial-census
workers and horsepower in é.&re here attributed directly to the other actygitithe estimates
in cols. 1 — 3 and 4 — 6 are accordingly the cpoeding figures in Table 1 for categories 4.31
(to line 1), 4.32 (to line 2), and 4.3 net of theeqeding (to line 3), augmented by the
corresponding elements of the engineering-industryponents of categoriess4.».31, and
o.71. Of these last, as estimated above, categbrwds allowed no workers and horsepower
in large shops, and just 1,900 blue-collar and @,06tal workers, and (rounding) 450
horsepower, in small shops; category 4.3 is thétstée absorb all the 34,900 blue-collar
workers, 36,550 total workers, and 18,800 horsepawelarge shops allowed earlier for
categories 4.3 and 4.5 together, and the remaB00glue-collar workers, 1,450 total workers,
and 50 horsepower in small shops. These smatisatied-shop residuals are themselves small,
and accordingly subject to considerable relativergrby the same token, however, their
misallocation introduces only small relative errorghe final estimates. Taking them at face
value, for what they may be worth, they point teeay low ratio of horsepower to workers (ca.
.03). Next to the detailed data in Table 1, tlhdibrappears to be an order of magnitude lower
than those observed in small non-smithing workay half that in small blacksmithing works,
and comparable in fact only to those in small e#mithing works. These integrated-small-
shop workers and horsepower are accordingly at&tbantirely to these last: in Table 2, cols.
4 — 6, therefore, row 2 is the (rounded) sum o$¢hesiduals and the (specialized-small-shop)
data for category 4.32, while lines 1 and 3 simplynd the (specialized-small-shop) data in
Table 1 for categories 4.31 on the one hand andet.8f 4.31 and 4.32 on the other.

The large-shop estimates in rows 1 — 3, cols3lare instead obtained as follows. As
can be seen from Table 1, the differences betwbendemographic-census data and the
corresponding industrial-census aggregates in a@pgst shops equal some 66,650 blue-collar
and 100,300 total workers in blacksmithing (4.319,650 and 29,750, respectively, in other
smithing (4.32), and just 5,100 and 9,500, respelsti in other fabrication (4.33 — 4.314lus,
as noted, 4@3). The absolute numbers for categories 4.31 aB@ dre large, those for the
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residual small, next to the large-integrated-shigurés these need together to reabsorb;
moreover, the above pairs of figures yield ratibbloe-collar workers to total workers equal to
.66 in categories 4.31 and 4.32, well between threesponding ratios for specialized large
shops and small shops (respectively .89 and .gd73th and .90 and .44 in 4.32, from Table 1),
and .54 for the residual, marginally below the esponding ratio for specialized small shops
(.55, against .92 in specialized large shops, afyam Table 1). In short, the non-smithing
workers not in the specialized shops counted byirtlestrial census appear to be not in the
large integrated works covered elsewhere by thestn@dl census, but in small shops; and not in
industrial-census integrated small shops, all otctvihave already been allocated, but in small
shops the industrial census missed altogether. th@nstrength of these considerations,
therefore, the present estimates for non-smithilogksv (Table 2, row 3) simply round the
industrial census totals for specialized large sh@pls. 1 — 3) as well as for specialized small
shops (cols. 4 — 6), and the entire differencesdxn the census worker totals noted above are
attributed to small operations the industrial censuissed altogether (cols. 7 — 8). The
horsepower corresponding to these last (col. B) tigrn estimated as their total workers (col. 8)
times the horsepower per worker in counted smalpskcol. 6/col. 5), discounted by a third.
This last correction allows for the knife-grindersssed by the industrial census: Table 1
suggests that these were a very small part ofrnithestrial-census workers in Table 2, row 3,
cols. 2 and 5, but near a third of the omitted wakin col. 8, and these were presumably
itinerant workers who used no machine power at allith these estimates in place, the
industry-total horsepower figure in col. 12 is thatained as the simple sum of the partial
figures in cols. 3, 6, and 9.

The considerable numbers of workers and horsepowentegrated large shops
attributed to category 4.3 thus remain to be dhistad between categories 4.31 and 4.32. Since
smithing is intrinsically not specialized by outpas already noted, the integration at hand was
presumably between metalmaking and subsequentdéibn. Evidence of such integration is
provided by the metalmaking data furnished by tloepG delle miniere, which refer as noted
not to throughput at a particular stage of produngtbut to the actual output of the metalmaking
firms; and the available product data point to ragi@ater incidence of such integration in the
case of ferrous metals, where some 50,000 tonsitplibwere fabricated goods ranging from
military hardware and railway accessories to nallan in that of non-ferrous metals, where
only 600 tons or so of the listed products weréairt fabricated® That the integrated shops
worked ferrous metals is also suggested by thévelya low power-intensity suggested by the
present estimates (.54 horsepower per blue-coltekev, against .60 for the large specialized
works in category 4.31 and .75 for those in catggbB2); and in light of the above-noted
discrepancies between the data in the two censusés bears notice that the 34,900 blue-
collar and 36,550 total workers (with 18,800 hocsegr) here attributed to the engineering
component of integrated shops are readily absarbdd31, but not, save perhaps in part, in
4.32. Here, for simplicity, these integrated-shapkers and horsepower are all attributed to
category 4.31, raising the large-shop blacksmithitgjs to the (rounded) figures transcribed in
Table 2, row 1, cols. 1 — 3; by the same tokenestamates for other large smithing works in
row 2, cols. 1 — 3, merely round off the correspogdpecialized-shop figures in Table 1.

The omitted-worker estimates in Table 2, rows d 2ncols. 7 and 8 are then obtained
as residuals, again as col. 10 less cols. 1 aadd¢ol. 11 less cols. 2 and 5, respectively. Here
too, as in row 8, the omitted shops appear todtevben the included large and small shops; but
the absolute numbers involved are altogether largreblacksmithing (row 1), the large shops
had some .95 blue-collar workers per total worleal.(1/col. 2), and .52 horsepower per
worker (col. 3/col. 2), the small shops .37 bluéacavorkers per total worker (col. 4/col. 5),

%0 Corpo delle miniereRivista del servizio minerarib911, pp. LVIII-LIX

24



and .067 horsepower per worker (col. 6/col. 5), dh@tted shops an intermediate .50 blue-
collar workers per blue-collar worker. Reasoniisgahove, one can treat this last ratio as a
weighted average of the corresponding figures lierlarge and small shops covered by the
industrial census, and apply these weights (.22.@8)pto the corresponding horsepower per
worker; the resulting figure equals .167 horsepoper omitted worker, or some 10,650
horsepower in all. But this calculation impliestiover 14,000 omitted workers were in large,
power-intensive shops; and it is hard to believa the industrial census could have missed
hundreds of large shops (because they were attéclieeir owners’ homes?) in blacksmithing,
even as it missed none or nearly none in the n@ moisome production of machinery. On the
other hand, if all the omitted workers were simabgigned the small shops’ .067 horsepower
each, the corresponding horsepower would be j@804, The present horsepower figure in col.
9 is simply a compromise estimate that allows thntted shops a weighted average of these
two alternative estimates, with a double weighttlom lower and less implausible one. The
industry-total horsepower figure in col. 12 is agiie simple sum of the partial figures in cols.
3, 6,and 9.

In other smithing (row 2), similarly, the largeogis had some .90 blue-collar workers
per total worker (col. 1/col. 2), and .67 horsepomer worker (col. 3/col. 2), the small shops
.42 blue-collar workers per total worker (col. 4/cs), and .037 horsepower per worker (col.
6/col. 5), the omitted shops an intermediate .68edgbllar workers per total worker.
Proceeding as before, one can treat this last astia weighted average of the corresponding
figures for the large and small shops covered byintustrial census, and apply these weights
(.54 and .46) to the corresponding horsepower pmkev, the resulting figure equals .379
horsepower per omitted worker, or some 10,700 posser in all. Again as before, however,
the calculation implies that the industrial censuissed hundreds of large shops (with over
15,000 workers). If, instead, all the omitted wesek were simply assigned the small shops’
.037 horsepower each, the corresponding horsepawetd be just 1,050. The present
horsepower figure in col. 9 is again simply a coompise estimate that allows the omitted shops
a weighted average of these two very differeniestes, with a double weight on the lower
one.

APPENDIX 2: ESTIMATED CAPITAL COSTSPER HORSEPOWER

The large-shop estimates of capital costs perebokser in 1911 are derived from the
corresponding estimates for 1938, despite somdlgsome discrepancies between those two
years’ censuses. One such is that the horsep@teerefer in 1911 to those in use, and in 1938
to those installed; the share of those installedadly in use can well vary across industries and
over time, but no evidence can here be broughtetr.b Another is that the 1938 census
presents the here requisite data only for the spart equipment” group as a whole. In 1911
that group (categories 4.42 — 4.45) was thorougldyninated by the rolling-stock and
shipbuilding industries (Table 1); in 1938, judgingthe detailed sales datagnsimento i. e C.
vol. 3, p. 68), the automotive industries had graemepresent some 40% of the group, and
aircraft another 20%, with the rolling-stock andp$lilding industries accounting for just 10%
and 25% or so of the total, respectively. Sineglithitations of the published data preclude the
here desirable disaggregation, the 1938 benchnoarkransport equipment” of 3,702 lire per
horsepower (panel B, row 12, col. 6) is here singolysidered analogous to a 1911 benchmark
for railway vehicles and shipbuilding together ¢80 lire (the rounded average of the figures
in panel A, rows 4 and 5, col. 6); in principlegtefore, the capital-cost estimates for 1911
(panel A, rows 1 — 3 and 6 — 11, col. 6) are threesponding figure estimated for 1938 (panel
B, col. 6), multiplied by the resulting scale fagtor (1,650/3,702).
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In practice, the procedure is often complicatedh@yneed to reconcile the categories of
the two censuses. In the case of the preciousHpreteessing industry, there is a relatively
direct correspondence between categories 111 -nlth2 later census (panel B, row 11) and
categories 4.59 — 4.51if the earlier one (panel A, row 10); the per-kpmver estimate in
panel A, row 11, col. 6 is simply the correspondd@00-lire figure in panel B, row 11, col. 6,
suitably scaled. In the case of the precisiongegent industries, the correspondence is less
close: categories 105 — 110 in the later censarse{B, row 10) appear dominated by optical
and precision instruments (4.51 in 1911); theyhertinclude weights and scales (4.52), clocks
and watches (4.53), business machines (4.54), adicat equipment (4.58), but omit musical
instruments (4.56). The approximation between shtsof industries and those in 1911 census
categories 4.51 and 4.56 is here deemed close lenanod the per-horsepower estimate in panel
A, row 9, col. 6 is simply the 7,169-lire figure panel B, row 10, col. 6, suitably scaled. For
simplicity, this same estimate is attributed to ¢leeks-and- watches industry as well (panel A,
row 10, col. 6).

Categories 80 — 96 and 123 — 126 of the 1938 sesygpoear to correspond, together, to
1911-census category 4.41, which is in turn muehdtbminant element of 4.4 net of railway
vehicles and shipbuilding. The present estimatéhi® (other) heavy equipment and machinery
industry (panel A, row 6, col. 6) is accordingly taibed by calculating the aggregate
horsepower, wage bill, and value added of the imidgsin panel B, rows 1 — 6 and 13 (using
cols. 3, 4, and 5), deriving the combined capitst per horsepower (3,723 lire, comfortingly
close to the transport-equipment benchmark), aritptying it, as before, by (1,650/3,702).

Panel A, row 7 covers the residual (ordinary) nraety industries covered in the 1911
census by categories 4.54, 4.55, 4.57, and 4.58; dsar from the large-shop data in Table 1
the second of these was then very small, whileother three were about equally large. In the
1938 census, category 133 (row 15) correspondslyg|ass noted, to 1911-census category 4.57
(armaments), and categories 97 — 98 (row 7) caorebpo at least a large part of 4.58 (other
apparatus and instruments); those that correspmruategories 4.54 and 4.55 in 1911 were
instead buried in broader aggregates. In 1938eaver, the armaments industry was much the
dominant element of rows 7 and 15 together, and shraple aggregation would attribute to the
entire group the relative power-intensity that seémstead peculiar to the armaments industry.
In the circumstances, to allow for the changing position of the relevant group, the present
estimate is obtained not by aggregating the unaerlgata, but by averaging the lire-per
horsepower figures in panel B, col. 6, counting thaiow 7 twice and that in row 15 once. The
resulting weighted average equals 2,733 lire pesdpmwer; the estimate in panel A, row 7 is
this last figure, again multiplied by (1,650/3,702)

Together, categories 99 — 104 of the 1938 cenzase( B, rows 8 and 9) appear to
correspond relatively closely to 1911-census cated¢@ net of smithing (4.31, 4.32), that is, to
panel A, row 3. As in the case of panel A, rowed, 6, the present estimate in row 3, col. 6 is
obtained by calculating the aggregate horsepowagewill, and value added of the relevant
industries in panel B (rows 8 and 9, using colgl,3nd 5), deriving the combined capital cost
per horsepower (a relatively low 2,416 lire), andltiplying it, as before, by (1,650/3,702).
This same figure is here inserted in row 8, cokev&n though as noted above the 1938 census
include weights and scales in the precision-equiirgeoup, because in 1911 the industry was
presumably producing, in the main, not the latandgard automatic balances, but traditional
steelyards and weights: not so much machinemssence, as common hardware.

The 1938 census included blacksmithing and otimihsg in category 128, among the
general trades in panel B, row 14 (127 — 131; Xférred to vehicle repair, 129 to non-
specialized machine shops, 130 to welding andiltee and 131 to the demolition of ships and
other metal structures). These activities loonadd in the relevant group’s artisanal shops
(Table 2), but rather less so among its large “stidlal” shops, at least judging from the sales
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figures in Table 21. On the other hand, for catiegal27 — 131 those sales figures sum to far
more than the value of production quoted in Tallewlith two possible implications. One is
that the value and value added data in Table 1& gamel B) exclude repair work (127 and
much of 129), thus raising the share of smithinthanreported totals; the other is that the labor
and horsepower counted in Table 1 (and panel B, @bnd 3) exceed those relevant to the
wage bill, and value added, in Table 15 (and pBnebls. 4 and 5). The internal evidence does
not clarify the point: the average wage (the rafighe wage bill to the blue-collar workers
listed in Table 4, discounting females by 50%) tfug “general trades” is low but within the
norm, suggesting that the data are in fact comdist&Vith some misgivings, therefore, the
estimate in panel B, row 14, col. 6 is here singalgled in the usual way, and, in the absence of
further evidence, attributed to both blacksmithd atiner smiths (panel A, rows 1 — 2, col. 6).

The small-shop estimates of capital costs pereporser in 1911 cannot be similarly
derived from corresponding estimates for 1938. ddvwesus of 1938 reports data for the other,
"artisanal" operations, subaggregated exactly mthéolarge shops. For these it again reports,
by industry — or by region, but not both — aggregénd subordinate) employment and
(installed) horsepower, the wage bill, and the @djoth of the materials consumed and of the
products sold, but not value addé€tkfisimento i. e cvol. 3, pp. 59, 61). Two aspects of these
data bear comment. One is the remarkable vari@idhe mean wage by region, with the
highest over four times the lowest (and a generalite from North to South, but with Latium
aligned with the North); average wages also vargsscindustries, but rather less, with the
result that differential skill premiums cannot iact be estimated (and used to improve the
present estimates of labor costs). The othemisthie census seems to provide all the elements
needed to calculate value added, labor costs, @pithccosts in the census year, and thence to
derive the corresponding capital-cost estimated®drl essentially as was done above for the
large shops; but that is not in fact the case. @ablem of course is that the reported wage bill
refers to only a minority (ca. 30%) of the actuarkers, so that the calculation of total labor
costs is subject to considerable uncertainty; heitmhore fundamental difficulty seems to be in
the very significance of the reported data, whigpl@ns why value added figures were not
published at all..

The reported aggregate employment and calculatie@ added figures (the value of the
products sold less that of the materials consuraedljranscribed in Table 3, panel B, cols. 7 —
8; and their anomalies are immediately apparentrow 14, which refers predominantly to
smithing Censimento i. e cvol. 3, p. 61, Table 3), for example, calculaiedlie added per
worker is under 2,900 lire, well below not only thguivalent large-shop figure of 8,100 lire,
but even the large-shop wage bill per (total) workear 4,400 lire. The main reason for this
peculiar result, and the apparent reason the celidusot itself present value added figures for
the "artisanal" shops, is that the reported "valugoods sold" seems to be exactly that (see the
reproduction of the artisanal-shop census formRilevazioni statistichevol. 8, p. 143): the
value of the artisanal shops' repair services veagacorded at all (whereas they apparently
were in the case of the industrial shopgnsimento i. e cvol. 3, pp. 73-106), and if so the
aggregate value added that actually correspontifetreported labor and horsepower could not
and cannot be calculated at all. It bears noliaethe (here irrelevant) foundries did not engage
in repair work, and within that group the calcuthiealue added per worker of the artisanal
works is practically identical to that obtained fbe industrial works (itself, oddly, fractionally
greater than the reported figure, p. 67). One alstes that in row 15 (armaments) the
calculated value added per worker is an imposdiigh 36,500 lire, against 10,400 in the
corresponding large shops; and a mere typograptecar is to be excluded, as the
disaggregated figures in census Table 3 sum teefiwted totals.
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APPENDIX 3: ESTIMATED UNIT METAL CONSUMPTION AND VALUE ADDED

The estimates of 1911-price value added, and nuesasumption, per ton of new
production in the various industries separatelptified here are transcribed in Table 4, rows 1,
7-9, 13, and 16 — 17, cols. 5 and 7, respectibelysince even those industries are typically
aggregates of heterogeneous activities, the estimatovided here can be no more than
representative. The estimates of value addedqment course incorporate the input-output
ratios; the latter are here considered first.

New production by the fabricated metal industrycassidered as a single aggregate,
spanning the gamut from anchors and anvils to @msneedles (Table 4, row 1). Input-output
ratios in (traditional) fabrication are abundamtcumented in the literature. Giordano suggests
ratios varying from 1.1 for rural implements (inding anvils) and heavy forgings (anchor
chains) to 1.2 for horseshoes and wagon fittings fdr small marine fittings and armor plate,
and 2.0 for military tools, harnesses, swords, exténsively forged piec€s. The estimated
average adopted here is 1.35 tons of metal paftoatput (Table 4, row 1, col. 7).

New production by the general equipment industryhére divided into three very
unequal parts. One is the assembly of machines ifrgported parts (Table 4, row 7), separated
out because value added per ton of output is obljidar less than in the production of the same
machines from semi-finished metal, and net impoftgarts are documented by the trade
statistics; as noted above, the cyclical varigbilif those imports suggests the present
interpretation of their us&. The relevant input-output ratio here is of course (Table 4, row
7, col. 7, whence of course zero total metal comsiom, col. 3, and metal consumption per
worker, col. 8). Another is the production of sisructure components (for bridges, canopies,
and power-line towers, Table 4, row 8); it is sepeat out because value added per ton is again
relatively low, and to take direct advantage of dlrailable data points (and thus to ensure that
the time-series estimates remain consistent wémjh The input-output ratio is here set at 1.2
(row 8, col. 7), as suggested by the ratio of ttdy-free metal imports for bridges and canopies
to the corresponding total exports from their iimepin 1891 through 1907; later flows are
ignored, as much imported metal appears nevenie Ibeen reexported in fabricated form. The
third component covers the rest of the industrybl@al, row 9), producing everything from
storage tanks to hand-guns and sewing machinesord#®io’s ratios for ordinary (heavy)
equipment appear near 1.2 to 1.4, but up to 2.,ébwvidual parts, while Falco uses a figure of
1.23 in the production of general machinery, mdst tor metal to be cast; a ratio of 1.25 is
tentatively adopted here (Table 4 , row 9, cof’7).

The two identified components of the precisionigopent industry are treated
asymmetrically. The new production of precisiostinments is treated as a single aggregate
(Table 4, row 13); trade in parts was recorded émymusical instruments, and even assuming
they were all metallic the quantities involved agp® have been insignificant.. Giordano’s

%1 F. Giordano,L'industria del ferro in ltalia: relazione dell'iregnere Felice Giordano per la
Commissione delle ferriere istituita dal Ministedd maring Turin, 1864, pp. 40-41, 90, 340, 415;
hardware for buildings is allowed a ratio of 1.2mr10, and 1.7 on p. 41. The relative age ofgbigce
does not appear to be a major handicap, as thequdrgt technical progress appears to have beetymost
labor- and perhaps fuel-saving rather than masesialing.

%2 The description of the derivation of the net inipseries cannot be included here; it is available o
request.

% Giordano,L'industria del ferrg pp. 419-421; R. Falco (Comitato nazionale peailidfe doganali e la

revisione dei trattati di commercio. Associaziam&zionale tra gli industriali meccanici e affini),
L'industria meccanica in Italia. Ragioni e condigi del suo sviluppdvilan, 1916, p. 36.

28



figures recalled above suggest that the input-augtio rose as pieces became smaller and more
extensively worked; it is here tentatively set.&t (@able 4, row 13, col. 7). In the case of ckck
and watches, on the other hand, part imports wedatively significant, and again cyclically
variable; that in Italy pocket watches were tygicassembled from imported parts is explicitly
noted by theRiassunto industrialgvol. 1, pp. 58-59). Here too, therefore, newdpiaiion is
disaggregated to distinguish the assembly of inggpopiarts (Table 4, row 16) from production
from metal (row 17). The input-output ratio isogiurse zero in mere assembly (Table 4, row 16,
col. 7, whence again zero total metal consumptioh, 3, and metal consumption per worker,
col. 8); in new production from metal (which incegla tail even of tower clocks), the input-
output ratio is again tentatively set at 2.5 (Tahleow 17, col. 7). It may be noted that both
branches of the precision equipment industry welaively small, in value added terms, and
characterized by a relatively low consumption otahper unit of value added: their aggregate
consumption of metal was correspondingly a veryampart of the engineering-industry total,
and here at least the errors in the input-outgittsare of little consequence.

The estimates of value added per ton are denvétei main from the above input-output
ratios, and the prices (plus tariffs) indicatedthg Movimento commerciale 1924 Typical
(ferrous) metal costs appear to have ranged frdnlig2 per ton for large bar (import category
675) to 360 for thin plate (682a), and fuel costy mave added some 10% to tffaFabricated
metal values per ton range from 800 lire for commtamsils (721) to over 1,000 lire for most
unspecified small metal (716b), better utensilsk(es and the like: 723), and heavy files (725),
over 3,000 lire for fine files (727), and 10,00@ lfor pins and needles (729); on the other hand,
the (Turin) Cooperativa works in the Grioni samphppendix Table 1, panel A, line 24)
reported a production of 500 tons of files, aneésaif 300,000 lire, for an average value of just
600 lire per ton. Materials costs per ton of out@an be estimated at approximately 360 lire for
1.35 tons of metal (a mix of medium bars at 258 ier ton, thick plate at 230 lire per ton, and
medium plate at 310 lire per ton, categories 686a6nd 681a), and 35 lire for fuel and other
costs, or 395 lire in all. Value and value addetlless readily pinned down, not least because
the cited figures from the Grioni sample sit poawith the others; but as will be seen below the
fabricated-metal industry was much the largest wores of metal, and at the end of the day a
reasonable estimate of that consumption requigdsthie corresponding value added per unit of
output be kept within relatively narrow bounds. eTiigure selected here is 415 lire per ton
(Table 4, row 1, col. 5); the implied average walue is 810 lire per ton, which seems
reasonable enough next to the baseline 800 liredimmmon utensils derived from tMovimento
commerciale

The trade data for temporary imports and reexpoois 1909 to 1913Movimento
commerciale 1913vol. 1, Tables XVI and XVII) suggest that (thergqaonents of) bridges and
canopies belonged mostly to category 712, with. @we-third share spread over categories 711,
713, and 716, while the metal input belonged mdstlgategory 675, with a ca. one-third share
in category 680. Including tariffs, which were gueably reflected even in the domestic-market
output price, average prices per ton would appeaave been near 650 lire for the output, and
225 for the metal input. Allowing 1.2 tons of tagter per ton of the former and 30 lire for fuel
and other costs, value added in the productiohetbomponents of bridges and canopies (and,
by extension, of power-line towers) is here seB5ét lire per ton of output (Table 4, row 8, col.
5).

% Direzione generale delle dogane e delle impostizaite, Movimento commerciale del regno d'ltalia
(annual), briefly Movimento commerciale These prices were set annually, retrospectivialy,a
committee of experts.

% Falco,L'industria meccanicap. 36.
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Ordinary heavy equipment was valued at pricedugiieg tariffs) ranging from 1,000
lire per ton for boilers with cast-iron pipes (7% )ver 2,500 lire per ton (marine engines: 805),
but typical prices seem to range from 1,200 to @, #@& per ton (medium machine tools,
hydraulic motors, steam engines, agricultural maeryi general machinery: 798, 800-802, 804,
806-807, 821). Lighter equipment was of coursetivoruch more: per ton, import prices plus
tariffs ranged from ca. 2,700 lire for sewing maeisi and 2,800 lire for heating, refining, and
distilling apparatus (category 828) and gas mé&33) to 4,500 lire for electric appliances (834)
and 8,000 to 10,000 lire for firearms (788b, ordméfles, at 40 lire and an estimated 4
kilograms each; 791, pistols, at 12.5 lire eachameéstimated 1.5 kilograms each); conversely,
storage tanks and the like were plausibly worthmawe, or even less, than the 650 lire per ton
attributed to the components of bridges and casopie Taking roughly modal values (for
ordinary machinery), one can allow 1,300 lire per of output, 315 lire for 1.225 tons of ferrous
metal (a mix of bars, thick and medium plate, aast @ron, with this last valued at 250 lire per
ton), 50 lire for .025 tons of non-ferrous metaldper bar, at near 2,000 lire per ton, category
731), and 35 lire for fuel and other costs, forabug added per ton of output from semi-finished
metal at a round 900 lire per ton. This modal @alausibly doubles as the relevant mean. On
the one hand, one notes that if one allows a vadiged per ton of 300 lire for low-fabrication
goods (“storage tanks”), and 3,000 lire, on averagehigh-fabrication goods (light equipment),
the two tails together average 900 lire per taheftotal value added of the high-fabrication tail
IS just short of three times that of the low-faltion tail (if per million lire of value added biyet
latter, corresponding to 3,333 tons of goods, trenér generates 2.857 million lire of value
added, with 953 tons of goods, together they adcfour8.857 million lire of value added and
4,286 tons of goods, or 900 lire per ton). Ondtier, a ca. 3 to 1 ratio between these two tails
seems entirely consistent with the census dataemutting value added estimates (Tables 1 — 3):
considering only the large shops (which accountedhfe larger part of total employment, and
the bulk of that in new production), the low-falation tail may not unreasonably account for
some 2,300 workers (in category 4.58) of the 25)86fkers in Table 2, row 7, col. 2, leaving
some 23,000 to the high-fabrication tail, and s&®B€0 workers in category 4.41 (leaving to the
middle of the distribution the rest of the 53,500able 2, row 6, col. 2, net of the independently
estimated 5,500 making truss-structure componé&atse 4, row 4, col. 4); allowing for relative
value added per worker, equal in round figuretes2,200 lire in row 6 and 2,100 lire in row
7 (from the estimates in Table 3, panel A, rows@ @, col. 7), the low-fabrication tail would
account for some 17 million lire of value added] #ime high-fabrication tail for 48 million lire,
or just under three times as much. The above atiof 900 lire per ton, derived for ordinary
machinery, is accordingly applied unchanged to) (ekidual new production of ordinary
equipment from metal (Table 4, row 9, col. 5).

Machine parts were valued at prices per ton, dwtytariffs, ranging from 810 lire for
ordinary parts of ferrous metal (827a) and 2,760ofdinary parts of non-ferrous metal (827d)
through 3,850 for sewing-machine parts (826) aB@®for finished bicycle parts (875) to 23-
25,000 for finished rifle and pistol parts (7903Y.9 Ordinary non-ferrous parts accounted for
over 40% of (gross) imports, raising their averegiele to over 2,200 lire per ton, or well above
that of typical machines; in the small, too, contgleewing machines were valued at 2,950 lire
per ton (815), or less than their imported paitsgeneral, therefore, imported parts appear to
have been either the components of peculiarly estpenmachines, or the peculiarly expensive
components of ordinary machines; either way, thgommix was clearly not representative of
that in production. Here, value added in assensbistimated directly at 300 lire per ton, or a
third of the above estimate for machine productimm metal, leaving twice that for the
production of the component parts. This split @ue added between the manufacture of parts
and the process of assembly would seem reasorabtbdt time, when the former stage of
production had been largely mechanized and ther laths still carried out very much by hand,
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without the gains that would come from assemblgdin Again, the implied average value of
ordinary parts equals a round 1,000 lire per tdhe latter can be taken to include some 55 lire
for non-ferrous parts, allowed a 2% share of thehim&’s weight, and therefore ca. 965 lire per
ton of ferrous parts, again not unreasonable gavenage import values (near 900 lire per ton for
sewing-machine parts and ordinary ferrous partethay, rising to an impossible ca. 1,700
including bicycle parts). Finally, the implied 6Q%gio of value added to value in the production
of machine parts sits comfortably next to the €& 5allowed fabricated metal, and the higher
figures allowed, in what follows, to precision guuient.

In precision equipment the ratio of value addedaioe was relatively highiGensimento
I. e c, vol. 3, p. 67, Table 15). Standard non-optigaksion instruments (of steel or copper
alloys) were valued at import prices (plus tarifts) 20,300 lire per ton (831a), musical
instruments at even higher rates (1170-1173). &/atlded per ton is here tentatively set at 75%
of 22,000 lire per ton of output, or 16,500 lireable 4 , row 13, col. 5); this estimate is
consistent for example with the consumption oft@ris of copper alloy in bars (731), costing
some 5,000 lire, and 10% of that for fuel and othaterials.

Value added in the production of clocks and watdhem metal is particularly difficult
to pin down. Including tariffs, imported parts weralued at 32,500 lire per ton (category 859a);
assembled mechanisms for pocket watches at 4&5eéch (category 856), for table and
grandfather clocks at 9 lire each (category 85yl for tower clocks at 4,000 lire per ton;
complete watches of ordinary metal, at just 4.8 Bach (category 851b), or less than the
corresponding assembled mechanisms, and comptetee(ectric) clocks not in cases at 20 lire
each (category 853). Again allowing pocket watct@® grams each, and clocks without cases
1,000 grams each, these last values correspondnie 40,000 lire per ton of watches, and
20,000 lire per ton of ordinary clocks, and projotely less, obviously, with higher weights
per piece (and as noted 4,000 lire per ton of tahmks, where the assembled mechanism was
in fact the finished product). On the other ha@dpni reports data for the very significant
Borletti works (and suggests that the only othgnificant producers, the Junghans works, were
less than half its size; and the easiest way tergém estimates consistent with those firm data is
simply to incorporate thefif. Borletti employed 700 blue-collar workers in 19%&h an output
of 643,030 (cheap) watches and 176,000 alarm cldoksin estimated output weight of 117.1
tons; production in 1911 equaled 523,400 watchds1a®,000 clocks, for an estimated output
weight (again at 100 and 300 grams per piece, cagply) of 104.84 tons, near 90% of that of
1912. In 1911, neglecting productivity growth, Btir would have employed some 630 blue-
collar workers, or 70% of the estimated large-skmipl in 1911 (Table 2, row 10, col. 1);
allowing the Borletti works 70% of the estimatedgkshop value added (2.22 million lire,
Table 3, panel A, row 10, col. 7), or 1.554 millilre, one obtains a value added estimate of
14,800 lire per ton. Allowing for modest produdivgrowth, the present estimate of value
added is set at a round 15,000 lire per ton (Téptew 17, col. 5); since it is obtained in essence
for simple watches and small clocks, more complatches and larger clocks are implicitly
assumed to offset each other. This estimate isnext to the above-noted import values (and
assumed weights per piece); but since it is clean those values that the imported assembled
watch-mechanisms were more complex than thoseporied watches, it is also quite possible
that the imported watches were finer, on averdgan those produced in bulk within Italy.
Again, the present estimate is obviously sensitivthe assumed average weight of individual
time-pieces; but since it finally serves only takbaut metal consumption, which is in any case
trivially small, its uncertainty can be taken irics.

% See Appendix Table 1, panel E, lines 3 and 6;@hni, Annuarig vol.2, p. 329.
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A similar uncertainty surrounds the estimate du@aadded in assembling imported
watch parts (to obtain watches apparently finen thiose typically produced in ltaly from
metal). Using the above import values for parts @assembled mechanisms, value added per ton
equals (47,500 — 32,500), or 15,000 lire with teeuaned 100-gram weight per piece, declining
with increasing weight to vanish altogether jusirsbf 150 grams per piece. Here, value added
per ton is set very simply at a round 8,000 liretpe (Table 4, row 16, col. 5), which allows
assembly a not unreasonable 20% or so of the wdltiee assembled piece (and implies for
example that a ratio of value added to value of #©%e manufacture of those parts yields one
near 75% for the assembled mechanisms). Thiscpharti estimate is without practical
implications for metal consumption; as will be sdxtow it serves essentially to allocate the
industry’s small-shop employment between assemloisk won the one hand and maintenance
work on the other.

APPENDIX 4. THE GRIONI SAMPLE

Grioni’'s publication is a two-volume directory ¢iie firms in the metal-processing
industries, including mining, metalmaking, and eegring®’ Volume 1, in two parts, is the
directory proper. Part | is organized geographicatgion by region, within region by province,
within provinces by localities, in alphabetical erdollowing the provincial capital. The firms in
each locality are listed alphabetically by namel fom each there is at least a brief indication of
its sector of activity (for example, the first paligs the forty-odd firms in the province of
Aquila, in the Abruzzi; most of them are identifisidnply as machine shops, a few as foundries,
one as a bauxite mine). The total number of firsted in the 300-odd pages of Part | appears to
be near 8,000, including everything from mines steel mills to bicycle repair shops; by way of
comparison, th€ensimento industrialeounted over 41,000 firms in categories 2.11-pri&al
mining, with under 200 firms) and 4 (metalmakingl anetalworking, with 41,100 firms), and
some 18,000 even excluding smithing firms (categofi.31-4.32, with 23,200 firms; vol. 4, pp.
508, 512, 522). Part Il, approximately half asgl@s Part |, is a re-listing of those same firms,
by sector of activity. The sectors are numerous refatively detailed; a final index provides
cross-references, and lists, for example, 16 éiffeheadings related to automobiles. Firms are
identified only by name and location, and may appeaer multiple headings. The individual
entries here number some 100 per page, for a itotdhe neighborhood of 15,000, with,
obviously, very many duplications (which reflecethature of the classification as well as a
widespread lack of specialization: the F.L.A.T.rksthus appear four times on pp. 425-426
alone, as producers of both generic and Diesel-w#y oil engines, again as producers of
internal-combustion/gasoline engines, and yet agsiproducers of airplane engines). Volume
2, of over 500 pages, contains part Ill, a setavhes 80 company hagiographies apparently
supplied by the firms themselves. These contagasional data, numerous photographs, and
much trumpeting of success, especially on worldcketar

For a small minority of firms, Part | of the ditery also provides a capsule description
that may specify the number of workers and horsepothe types of products, perhaps their
quantity or value. The more useful of these maata are summarized in Appendix Table 1.
Col. 1 notes the source page; col. 2 identifiedithe by a short name (or acronym), and col. 3
its activity or product. Col. 4 transcribes thpaged number of blue-collar workers (with a few
exceptions, estimated as noted below). Col. Sstrédves the weight of output, as reported
(where col. 6 is blank), or as estimated from #q@rted sales transcribed in col. 6; the ratio of

37 Grioni, Annuaria
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col. 6 to col. 5 is of course the estimated valeretpn of output (normally a round 1,000 lire per
ton of hardware and 1,300 lire per ton of heavy himagy, with higher figures for light
equipment; these refer in principle to 1912, allmyvior reporting and publication lags, but
correspond in fact to those estimated below forl19ibting the comparatively small price
changes suggested by thwvimento commerciale 191dnd 1912. Col. 7, the estimate of
physical product per (blue-collar) worker, is oticge the ratio of col. 5 to col. 4; and col. &is t
ratio of the reported horsepower (not transcribexahto the reported workers in col. 4. The
better to highlight the here relevant informatithe individual observations are grouped as in the
1911 census (Table 1), with “fabricated metal” esponding to category 4.3, “heavy
engineering” to categories 4.41, 4.43, and 4.48, “4ght engineering” to categories 4.51 —
4.51Q0 The heavy engineering sector is itself subdivitte separate road vehicles, machinery,
and (components of) structures; and within eachumgrthe observations are arranged in
ascending order of product weight per worker (€pl.

Foundries are excluded from the sample, unlesfirthgoroduced machinery, and so of
course are firms producing ships or rail-guidedicleb. A few more are excluded because
reported production appears far too low to covernethe likely wage bill of the reported
workers (the Russo, Lancini, Galdabini, Tessardftangelli, and Cerasi works listed on pp. 43,
113, 130, 135, 225, and 281, respectively). Thermal evidence suggests an order-of-
magnitude misprint, typically in the sales figuregmmetric errors are of course also possible,
but there are none so obvious as clearly to exadedeine cases of high productivity. Finally,
some firms straddled the present groups, and aeeassigned to one of these with considerable
uncertainty>®

Some detailed notes may assist in the reconsiruofiAppendix Table 1. Some figures
are simply the mid-point of the reported range.cyBles, motorcycles, and motor-cars are
allowed .02, .05, and 1.00 tons per unit, respelstiiassuming motorcycles were then little more
than heavy, powered bicycles, as suggested byhbgraph in Part 1, p. 518); alarm clocks
and watches, .30 and .10 kilograms per unit, réisedg rifles, 4 kilograms per unit. The
output estimated for the Rusconi works (p. 146)uiehes 1,900 tons reported as such, with the
residual calculated from its sales value. Theaatumber of workers at the Frera works (p.
161) is taken from Part Il (p. 514). The Savigbaworks (p. 195) appear thrice. It had four
shops; two are attributed the reported output ah@ guess, one fourth the total labor force,
while the entire firm is attributed an output tivatludes allowances of 10,000 tons for railway
vehicles and, again at a guess, 2,500 tons ofielaquipment.

The sample entering Appendix Table 1 is relatigehall, as it finally includes just 146
firms. Not surprisingly, these are, on averagktikely large, with a mean of some 160 blue-
collar workers per firm; by way of comparison, fliens with more than 10 subordinate workers
counted by th€ensimento industrigjevol. 3 in the relevant categories (4.3; 4.4, aditig 4.42
and 4.44; 4.5, excluding 4.59 and 4.54®) totaled 2,260, with 137,168 blue-collar workers,
for an average nearer 60. The sample firms (#p@drted horsepower) were also relatively
power-intensive, with, overall, some .6 horsepop&r worker; the census large firms in the
relevant categories averaged as much or more (bvearuse, and obviously more installed),
but that was well above the estimated overall ayeead about .4 including small firms (Table
2). Finally, and not surprisingly, given that Grichimself appears to have been based in

¥ The regional estimates of engineering-industryugaddded per worker in 1911 V. Zamagni,
Industrializzazione e squilibri regionali in ItaliaBilancio dell’eta giolittiana Bologna, 1978, p. 69,
are also apparently based on Grioni's data. Hgrdi for Campania is relatively low (astonishingly
so, unless one is already convinced that Soutremwere relatively unproductive); one wonders
whether it is biased downward by the inclusionthe small local sample, of the Russo works in
Caserta, here excluded because their output appeadrave been understated, through a simple
typographical error, by a factor of 10.
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Milan, the sample is geographically biased everhw#spect to Grioni’'s own listing: the
latter devoted a quarter of its pages to Lombarty another ninth to Piedmont, but of the
firms that responded to his request for informatwath enough data to be included in the
present sample almost half were Lombard, anotiér Biedmontese.

Appendix Table 1, col. 7 suggests that producghteper (blue-collar) worker varied
widely, both within and across the present grotips;differences in product per worker seem
due primarily not to differences in size or poweensity, but to differences in the products
themselves. Within the fabricated-metal groupséhonear one ton per worker were producing
brass- and copperware, swords, and hand-forges} aathe other extreme, the 33 tons per man
of the Tocco works may have been achieved in the ima simply stamping out corrugated
sheet. Within heavy engineering, product per woirk¢he production of structures ranges from
some three tons of relatively complex goods (gatesal staircases, and the like) to ten times
that of relatively simple large elements (pressupelines and the like; the even higher figure
obtained for part of the Savigliano works is onhdicative, as the actual labor force is
unknown). Product per worker in the productiogeferal machinery ranged from in the main
from two to ten tons; the even higher figures attthp of the scale appear to consist largely of
castings, while the total product of the Savigliamorks includes 18,000 tons of structures.
Product per worker in the production of road vedsalas instead much lower, ranging from one
third of a ton to ten times that for complete vescwith higher figures for those who merely
produced parts. The lowest products per workeewaturally registered in light engineering,
with well under a tenth of a ton for watches anecion instruments, a tenth to a quarter of a
ton for firearms, one or two tons for electricalignent (the Greco works appear also to have
cast columns), and some two to four tons for sgnéguipment, cheap stoves, and the like. The
inverse of col. 7 illustrates the variation in tabor input, and derivatively in the likely wage
bill and value added, per ton of metal: over thedet of sample observations the number of
blue-collar workers per ton of product varies uprir.025 through approximately .150, .300, and
.500 at the quartiles to a peak of 50.000.
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Reported Labor Force and Factor Enpl oynment

Table 1

in Engineering in 1911

Censi ment o denogr a-

Censinento industriale (total)

fico (labor force) Enpl oynent Undupl i cat ed

Census cat egory Bl ue- Bl ue- hor sepower in use
Code Cont ent col | ar Total © col | ar Tot al Primry Electric
4,31 Bl acksm t hs, wrought iron work 86, 879 150, 582 20, 230 50, 302 3, 653 1,218
4. 32 Coppersmiths, tinsnmiths, braziers 29, 736 49, 168 10, 104 19, 435 853 2,099
4.33 Metal furniture 5, 717 7,318 5, 064 6, 085 44 357
4.34  Ceneral hardware 7,431 8, 856 5, 930 6, 807 1, 326 1,401
4,35 Cables, springs, tin cans 5, 500 7,259 3,717 4,548 1,168 809
4.36 Odinary-netal nedals and coins 127 176 17 27 18
4, 37 O dinary table- and kitchen-ware 2,239 2,761 1,958 2,262 699 212
4. 38 Kni ves, scissors, swords 1, 871 3, 027 1, 272 1, 996 535 245
4. 39 Kni fe-grinders 1,710 3,922 275 812 34 202
4,310 Odinary bullets, shot, fuses, cases 503 551 260 300 86 58
4.311 Enanelware, other netal objects 3, 045 4,316 2,272 3,125 243 917
4.30  (4.31 - 4.311) 2,269 2,745 329 436
4.3 Fabricated metal products 144,758 237,936 53, 368 98, 444 8, 970 7,972
4.41  Structural conponents, nachinery 49, 245 61, 692 46, 020 58, 087 11, 237 14, 362
4.42 Rai | - gui ded vehi cl es 44,120 48, 147 42,049 45, 747 17, 889 15, 284
4.43 Bi cycl es, autonobiles 12, 809 16, 781 11, 843 15, 556 674 3,432
4.44  Shipyards and boatyards 28, 932 31, 347 26, 151 28, 227 8, 407 8, 566
4.45 Arcraft 1, 286 1,434 403 460 61 118
4.40 (4.41 - 4.45) 7,348 7,925 1, 325 2,831
4.4 Heavy equi pnent, machi nery 136, 392 159, 401 133, 814 156, 002 39, 593 44,593
4. 51 Optical and precision instruments 1, 226 1,722 734 1, 002 92 260
4,52 Common wei ghts and scal es 1,980 2,995 1,537 2,275 39 162
4.53 docks and wat ches 3,861 8, 801 1, 468 2,417 161 218
4,54 Busi ness machi nes 145 226 97 131 1 13
4. 55 El ectrical apparatus 7,717 8, 715 7,157 7, 884 259 2,753
4.56 Metal nusical instrunents 922 1,234 622 771 20 69
4,57 Fi rearns, grenades, torpedoes 9,551 11, 316 8, 093 9, 244 4,196 3,564
4.58 O her apparatus and equi pnent 10, 571 13, 453 10, 294 12,798 1, 450 4,390
4.59 Coldsmths and silversniths 13, 487 21, 064 7,993 11, 051 64 711
4.510 Precious-netal nedals and coins 285 446 227 277 25 45
4.50 (4.51 - 4.510) 434 659 67
4.5 Li ght equi pnent, precious-netal products 49, 745 69, 972 38, 656 48, 509 6, 307 12, 252



Tabl e 1, cont.

Censi ment o denogr a- Censinento industriale (total)
fico (labor force) Enpl oynent Undupl i cat ed
Census cat egory Bl ue- Bl ue- hor sepower in use
Code Cont ent col | ar Tot al © col l ar Tot al Primary Electric
4. 0l (4.1 - 4.5)d 27,411 29, 286 18, 884 9,513
4.02 (4.3 - 4.5) 11, 733 14, 321 3,058 2,489
4. % 39, 144 43, 607 21,942 12, 002
©.31 (3.1% 3.2', and 4") 9, 588 10, 980 1, 657 1, 893

©.71 (4% and 59) 3, 607 4,371 3,062 520




Tabl e 1, cont.

Censi mento industriale (large shops)?

Censinento industriale (small shops)®

Enpl oynent Undupl i cat ed Enpl oynent Undupl i cat ed

Census cat egory Bl ue- hor sepower in use Bl ue- hor sepower in use
Code Cont ent col | ar Tot al Primary El ectric col | ar Tot al Primary El ectric
4,31 Bl acksm t hs, wought iron work 2,870 3,222 1,514 198 17, 360 47,080 2,139 1, 020
4. 32 Coppersmiths, tinsnmiths, braziers 3, 157 3,491 502 1, 856 6, 947 15, 944 351 243
4.33 Metal furniture 3,797 4,197 34 271 1, 267 1, 888 10 86
4.34  Ceneral hardware 5, 160 5,577 1,219 1, 280 770 1, 230 107 121
4,35 Cables, springs, tin cans 3,041 3,308 1, 062 547 676 1, 240 106 262
4.36 Odinary-netal nedals and coins 0 0 0 0 17 27 0 18
4. 37 O dinary table- and kitchen-ware 1, 846 1,958 544 202 112 304 155 10
4. 38 Kni ves, scissors, swords 837 927 238 152 435 1, 069 297 93
4. 39 Kni fe-grinders 40 45 9 0 235 767 25 202
4.310 Odinary bullets, shot, fuses, cases 242 264 79 55 18 36 7 3
4. 311 Enanelware, other netal objects 1,182 1, 380 231 377 1, 090 1, 745 12 540
4.30  (4.31 - 4.311) 1, 950 2,102 225 391 319 643 104 45
4.3 Fabri cated nmetal products 24,122 26, 471 5, 657 5, 329 29, 246 71, 973 3,313 2,643
4.41  Structural conponents, nachinery 34,878 38, 819 9, 601 11, 710 11, 142 19, 268 1,636 2,652
4.42 Rai | - gui ded vehi cl es 41, 673 45, 276 17, 346 14,028 376 471 543 1, 256
4.43 Bicycles, autonobiles 8, 039 8, 862 573 2,839 3,804 6, 694 101 593
4. 44 Shi pyards and boat yar ds 26, 116 28, 186 8, 407 8, 551 35 41 0 15
4.45 Arcraft 383 436 6 114 20 24 55 4
4.40 (4.41 - 4.45) 7,103 7,509 1, 309 2,798 245 416 16 33
4.4 Heavy equi pnent, machi nery 118, 192 129, 088 37,242 40, 040 15, 622 26,914 2,351 4,553
4,51 Optical and precision instrunments 479 621 91 206 255 381 1 54
4,52 Common wei ght s and scal es 684 779 34 104 853 1, 496 5 58
4.53 docks and wat ches 907 1,015 150 205 561 1, 402 11 13
4,54 Busi ness machi nes 45 52 1 12 52 79 0 1
4.55 El ectrical apparatus 6, 777 7, 336 38 2,625 380 548 221 128
4.56 Metal nusical instrunents 482 529 12 51 140 242 8 18
4,57 Fi rearns, grenades, torpedoes 7,661 8, 229 4,173 3,521 432 1,015 23 43
4. 58 O her apparatus and equi pnent 8, 152 9, 466 1, 291 4,149 2,142 3,332 159 241
4.59 oldsmths and silversniths 4, 669 5,274 57 525 3,324 5,777 7 186
4.510 Precious-netal medals and coins 227 275 25 45 0 2 0 0
4.50 (4.51 - 4.510) 202 220 0 53 232 439 0 14
4.5 Li ght equi prent, precious-netal products 30, 285 33, 796 5, 872 11, 496 8,371 14, 713 435 756



Tabl e 1, cont.

Censi nento i ndustri

ale (large shops)?

Censinento industriale (small shops)®

Enpl oynent Undupl i cat ed Enpl oynent Undupl i cat ed

Census cat egory Bl ue- hor sepower in use Bl ue- hor sepower in use
Code Cont ent col | ar Tot al Primary El ectric col | ar Tot al Primary El ectric
4.01 (4.1 - 4.5)¢ 27,138 28,901 18, 797 9, 415 273 385 87 98
4.02 (4.3 - 4.5) 10, 116 10, 941 2,932 2,295 1,617 3, 380 126 194
4. 0 37, 254 39, 842 21,729 11, 710 1, 890 3,765 213 292
©.31 (3.1% 3.2", and 49 8,977 9, 610 1,418 1,831 611 1, 370 239 62
©.71 (4% and 59) 3,305 3,916 3,047 437 302 455 15 83

3shops with nore than ten subordi nate workers.
shops with up to ten subordi nate workers.
‘the italicized figures include no artisans.

dnet al maki ng, engi neeri ng.

“wood pr
cane, r
9non- net

Sour ces:

oducts excl udi ng cane,
eed, and straw ware

allic mneral products,

Censi ment o denografico

construction

and straw ware.

Censi mento industrial e.



Tabl e 2
Esti mat ed Factor Enpl oyment in Engineering in 1911

() (2 (3) (49 (5 (6) |
Censinento industriale |arge shops?® Censinento industriale small shops
Enpl oynent Undupl i cat ed Enpl oynent Undupl i cat ed
Census Bl ue- hor sepower Bl ue- hor sepower
code Census cat egory col | ar Tot al in use col | ar Tot al in use
1. 4.31 Bl acksmi t hi ng 37, 750 39, 750 20, 500 17, 350 47,100 3,150
2. 4.32 G her smthing 3,150 3,500 2,350 7, 250 17, 400 650
3. other 4.3 Gt her fabricated netal 18, 100 19, 750 6, 900 4, 950 8, 950 2, 200
4, 4.42 Rai | - gui ded vehi cl es 43, 700 47,700 32,900 400 450 1, 800
5. 4.44 Shi pyards and boat yar ds 28, 900 31, 300 18, 750 50 50 0
6. other 4.4 Oher heavy equi pnent, nachinery 48, 150 53, 500 27, 650 15, 200 26, 400 5,100
7. 4.54/5/7/8 Oher ordinary machinery 22, 850 25, 300 15, 850 5, 150 8, 400 1, 300
8. 4.52 Wi ghts and scal es 700 800 150 850 1, 500 50
9. 4.51/6 Preci sion instrunents 950 1, 150 350 400 600 100
10. 4.53 d ocks and wat ches 900 1, 000 350 550 1, 400 0
11. 4.59/10 Preci ous-nmetal products 4,900 5, 550 650 3, 300 5, 800 200
(7) (8) (9) (10) (11) (12)
G her shops Industry total s
Enpl oynent Undupl i cat ed Enpl oynent Undupl i cat ed
Census Bl ue- hor sepower Bl ue- hor sepower
code Census cat egory col l ar Tot al in use col l ar Tot al in use
1. 4.31 Bl acksmi t hi ng 31, 800 63, 750 6, 400 86, 900 150, 600 30, 050
2. 4.32 G her smthing 19, 350 28, 250 4,250 29, 750 49, 150 7, 250
3. other 4.3 O her fabricated netal 5, 100 9, 500 1, 550 28, 150 38, 200 10, 650
4. 4.42 Rai | - gui ded vehi cl es 0 0 0 44,100 48, 150 34,700
5. 4.44 Shi pyards and boat yar ds 0 0 0 28, 950 31, 350 18, 750
6. other 4.4 Oher heavy equi pnent, nachinery 0 0 0 63, 350 79, 900 32,750
7. 4.54/5/7/8 Oher ordinary machinery 0 0 0 28, 000 33, 700 17, 150
8. 4.52 Wi ghts and scal es 450 700 50 2,000 3, 000 250
9. 4.51/6 Preci sion instrunents 800 1, 200 150 2, 150 2, 950 600
10. 4.53 d ocks and wat ches 2,400 6, 400 100 3,850 8, 800 450
11. 4.59/10 Preci ous-nmetal products 5, 550 10, 150 300 13, 750 21, 500 1, 150

2shops with nore than ten subordi nate workers.

®shops with up to ten subordinate workers.

Sour ces:

see text.



Table 3
Estimated Val ue Added in Engineering in 1911

A. Estimates for 1911
(1) (2) (3) (4) (5) (6) (7) 8 (9 (10) (11)
Val ue added (mllion lire)
Wnen, boys and girls Lar ge shops Smal [ shops
Lar ge O her Labor Capital costs Labor Capita
I ndustry Tot al shops shops costs Tot al Lire/HP Total costs costs Tot al Tot a
1. Blacksmthing 19, 500 4,750 14,750 48.03 21. 65 763 69.68  124.17 22.81 146.98 216.66
2. Qher smthing 5, 950 650 5, 300 4.09 2.30 763 6. 39 51. 60 10. 19 61.79 68. 18
3. Oher fabricated netal 9, 150 7, 300 1,850 20.90 10. 04 1,077 30.94 21.03 6. 67 27.70 58. 64
4. Rail-guided vehicles 2,300 2,300 0 60.25 64.91 1,654 125.16 0. 00 0. 00 0.00 125.16
5. Shipyards and boatyards 1, 350 1, 350 0 39.32 35.76 1, 645 75.08 0. 00 0. 00 0. 00 75.08
6. Oher heavy equi pnent, nach. 7,100 5, 250 1,850 65.33 54. 04 1, 659 119. 37 30. 57 12. 28 42. 85 162. 22
7. Qher ordinary nachinery 5,700 4,900 800 29.44 22.99 1, 218 52. 43 9. 60 2.78 12. 38 64. 81
8. \Weights and scal es 300 150 150 . 93 .28 1, 077 1.21 2.55 .43 2.98 4.19
9. Precision instrunents 500 200 300 1.35 1.29 3,195 2.64 2.21 1.08 3.29 5.93
10. docks and watches 700 500 200 .98 1.24 3,195 2.22 10. 38 1.62 12.00 14. 22
11. Precious-netal products 3, 900 2,100 1, 800 5.84 2.18 2,229 8.02 20. 18 3.64 23.82 31.84




Table 3, cont.

B. Data for 1938

(1) (2) (3) (4) (9 (6) (7) (8)
Large industrial shops?® Q her shops

1938 1911 Installed Net capita

census census Enpl oy- hor se- Wage Val ue costs per Enpl oy- Val ue

code I ndustry code ment pover bill® added®  hor sepower ¢ ment added®
1. 80 Non-el ectric notors other 4.4 29, 272 59, 466 192. 962 582. 651 5, 417 96 1.015
2. 81-82 Transm ssions, lifting equip. other 4.4 14, 022 33, 427 74. 491 170. 718 2, 099 161 2.392
3. 83- 86 Machi ne tools and bits other 4.4 11, 709 23,918 55. 508 147. 234 3,023 560 4.976
4, 87-92 I ndustrial machinery other 4.4 30, 927 46, 909 134. 362 341. 156 3,406 1, 804 19. 457
5. 93 Punps, conpressors, faucets other 4.4 12, 562 21,061 68. 440 149. 179 2,696 653 7.342
6. 94-96  Structures, furniture, safes other 4.4 20, 528 29, 831 85. 225 204. 206 2,989 2,149 19. 344
7. 97-98 Ovens, thermal machinery 4. 58 10, 583 15, 515 46. 115 109. 617 3,053 554 7.435
8. 99-100 Locks, small hardware, cans other 4.3 23, 336 20, 028 77.236 181. 423 3, 852 3,234 21. 688
9. 101-104 Springs, nuts/bolts, kitchenw. other 4.3 31,478 51, 061 113. 536 247. 861 1, 852 2,533 16. 129
10. 105-110 Precision equi pnment 4.51/2/6 22,745 19, 931 124. 018 310. 317 7,169 2,017 14. 426
11. 111-112 Coins, nedals, jewelry 4,59/ 10 5, 844 3,498 24,153 50. 097 5, 000 5, 253 27.732
12. 113-122 Transport equi pment 4.42-145 208, 900 372,939 1,120.284 2,893.180 3,702 986 14. 624
13. 123-126 Electrical nachinery and equip. other 4.4 59, 403 97, 032 259. 546 740. 448 4,020 935 11. 151
14. 127-131 Ceneral trades 4,.31/2, 41 29,519 37, 629 129. 772 239. 626 1,712 138, 298 396. 414
15. 133 O her industries 4.57 95, 416 221, 747 392. 124 993. 439 2,093 1, 067 38.918

%non-artisanal shops with nore than ten workers.

Pmillion lire.
‘lire (estinmated).

dcal culated fromthe reported val ues of goods manufact ured,

Sources: see text.

and nmaterials consuned; mllion lire



Table 4

The structure of the general engineering industry i n 1911
“m @ ©B ¢ ) G ® @O ©
value metal tot al valueadded metal consump-
added output cons. work ers (lire) per tion (tons) per
(million (thous. (thous. (tho u- ton of ton of
row component lire) tons) tons) san ds) output worker output worker

A. Fabricated netal
new production

1. total 152.62 367.76 496.48 90.4 6 415 1,687 1.35 5.49
mai nt enance

2. blacksmiths 132.68 5.24 102. 69 1,292 .05

3. other smiths 53.72 42 41, 23 1,303 .01

4. other 8.65 .34 6. 57 1,317 .05

5. total 195.05 6.00 150. 49 1,296 .04

t ot al

6. total 347.67 502.48 240. 95 1,443 2.09

B. GCeneral equipnent
new producti on

7. mere assembly 4.25 14.18 .00 3. 06 300 1,387 .00 .00
8. truss-s. comp. 14.62 41.77 50.12 5. 51 350 2,651 1.20 9.09
9. other 175.30 194.78 243.48 80. 34 900 2,182 1.25 3.03
10. total 194.17 293.60 88. 91 2,184 3.30
mai nt enance

11. total 32.86 3.79 24. 69 1,331 A5
total

12. total 227.03 297.39 113. 60 1,999 2.62

C. Precision equipnent: instrunments

new producti on

13. total 457 277 .69 1.9 9 16,500 2,296 2.50 .35
mai nt enance

14. total 1.36 .01 . 96 1,416 .01
total

15. total 5.93 .70 2. 95 2,010 .24

D. Precision equipnent: clocks and watches
new producti on

16. mere assembly 1.28 .160 .00 .8 3 8,000 1535 .00 .00

17. from metal 231 154 39 1.0 4 15,000 2,221 2.50 .38

18. total 359 314 39 18 7 1,920 21

mai nt enance

19. total 10.63 .04 6. 93 1,535 .01

t ot al

20. total 14.22 43 8. 80 1,616 .05

Tot al

21. new production 354.95 791.16 183.2 3 1,937 4.32

22. maintenance 239.90 9.84 183.0 7 1,310 .05

23. total 594.85 801.00 366.30 1,624 2.19
NB: “general engineering” excludes the shipbuildin g, railway-vehicles, and precious-metal

products industries.

Sources: see text.



Physical product per engineering-industry worker, ¢

Appendix Table 1

a. 1913: firm-specific evidence

o @ 3) 4) e ® O @©
Activity Workers Sales Output/ Horse-

Source or (blue- Output (thousand worker power/
page Firm product collar) (tons) lire) (tons) worker
A.  Fabricated netal

152 Ghidini small brassware 12 10 .83 21
151 Gnutti swords 100 100 200 1.00 .35
133 Cooperativa hand-forged nails 500 600 1.20 .03
161 Grasselli  non-ferrous hardware 32 40 60 1.25 .05
238 Marcellino copperware 10 135 1.35

52 Toccafondi hardware (cans) 15 26 30 1.73 .20
51 Piccinini  hardware 110 200 200 1.82 .05
32 Filosa hardware 30 60 60 2.00 .33
153 Leali hardware 5 10 2.00 2.00
158 Carissimo  copperware 5 10 2.00

122 Scacchini  medals 15 40 80 2.67 .67
133 Cagnola hardware 185 500 300 2.70 .27
158 Meroni hardware 70 200 200 2.86 A4
138 Perego kitchenware 120 353 600 2.94 .20
158 Monti copperware 14 50 3.57 214
258 Pacini hardware, machinery 100 391 450 3.91 1.24
188 Fornara hardware 500 2,000 2,000 4.00 .40
310 Bellieni hardware 25 100 4.00 12
113 Guglieri metal furniture 45 200 200 4.44 .07
209 Ruffoni hardware 30 140 4.67 .50
213 Netro tools, parts 850 4,000 4,000 4.71 .88
146 Rusconi hardware 500 2,467 850 4.93 1.22
193 Rigaldo tools 35 200 200 5.71 .57
194 Cooperativa files 80 500 300 6.25 .50
271 Giorgetti  metal furniture 4 25 25 6.25

153 Oliva agric. tools 12 80 6.67 42
282 Antinucci  copperware 6 40 6.67 3.33
310 Sandri copperware 5 35 7.00 1.60
120 Pozzi hardware 450 4,000 8.89 .67
312 FOM hardware 30 275 275 9.17 .35
144 Mazzoleni  hardware 100 1,000 1,000 10.00

151 Gnutti hardware 30 300 10.00 1.67
154 Gnutti agric. tools 14 150 10.71  1.07
258 Benti crude tool parts 12 130 10.83

277 Bertini tools, machinery 50 570 1140 1.24
213 Cremonesi  hardware 125 1,500 12.00 .80
154 Bosio forged hardware 40 500 12.50 .88
153 Damioli cutting tools 19 280 14.74 5.42
156 Borghi hardware 50 750 15.00 1.00
158 Bolis hardware 120 2,000 16.67 .92
158 Bonaiti hardware 100 1,800 18.00 .50

63 Bolis hardware 80 1,500 18.75 1.75
37 TPN hardware 100 2,250 2250 1.60
156 Panzera hardware 40 1,000 25.00

209 Tocco sheet-metal prod. 12 400 33.33 .25



Appendix Table 1, cont.

o @ 3) 4) e ® O @©
Activity Workers Sales Output/ Horse-
Source or (blue- Output (thousand worker power/
page Firm product collar) (tons) lire) (tons) worker
B. Heavy engineering, structures
37 Zeno gates, stairs 50 130 130 2.60 .14
161 Carabelli  gates, stairs 15 40 2.67 .03
72 Fulconis structures, mach. 120 391 450 3.26 42
36 Robecchi structures 150 750 5.00 .18
38 Cattori structures 500 2,500 5.00 1.20
93 Migliardi structures, mach. 110 700 6.36 .82
53 Maccaferri  structures, h'ware 300 2,800 9.33 .33
147 Togni structures 800 8,000 10.00 .63
156 Paganoni structures 30 300 10.00 .83
93 Marcenaro  structures, mach. 60 1,000 16.67 1.00
89 SIFGCM pressure pipelines 350 10,000 28.57
128 SICG structures 150 5,000 33.33
195 Savigliano  structures 450 18,000 40.00
C. Heavy engi neering, machinery
110 Fornara machinery 15 19 25 1.27 .33
266 Martelli machinery 60 77 100 1.28 .40
112 Guerinoni  precision parts 25 39 775 1.56 .48
117 Monis machinery 70 115 150 1.64
36 SOMF machinery, struct. 700 1,304 1,500 1.86 .29
52 Tartarini  blinds 20 38 50 1.90 .08
188 Galantini  machinery 20 38 50 1.90 .30
259 Baroncelli machinery 12 23 30 1.92
215 Fumagalli  machinery 80 154 200 1.93 .19
311 Gregori machinery 40 77 100 1.93 .25
188 Fre machinery 16 31 40 1.94 31
208 Lizzoli machinery 140 308 400 2.20 .29
229 BGGM machinery 280 615 800 2.20 .29
300 Del Favero machinery 28 62 80 221 125
30 Carrino machinery, etc. 200 458 550 229 1.25
143 Paredi machinery 16 38 50 2.38 31
195 SMIG precision parts 280 667 1,000 2.38 71
197 Zanelli machinery 150 385 500 2.57 27
238 Tutone machinery 60 154 200 2.57 .33
191 Mure machinery 35 92 120 2.63 43
106 Columbo machinery (electric) 50 150 300 3.00 .25
292 Bedeschi machinery 15 46 60 3.07 .25
131 Guenzani heavy equipment 75 231 300 3.08
167 Casali machinery 250 769 1,000 3.08 .60
30 Carnevali machinery (food) 65 204 265 3.14 .55
134 SAML machinery 700 2,308 3,000 3.30 .46
124 SIIP precision parts 75 250 500 3.33 .93
49 Calzoni machinery 225 769 1,000 3.42 .53
192 Pistorio safes 50 192 250 3.84 .40
215 Fumagalli  machinery 40 154 200 3.85 .25



Appendix Table 1, cont.

@ @ 3 “4) &G © O 6
Activity Workers Sales Output/ Horse-
Source or (blue- Output (thousand worker power/
page Firm product collar) (tons) lire) (tons) worker
C. Heavy engi neering, machinery (cont.)
298 SVCMF machinery 250 962 1,250 3.85 .25
106 Clerici machinery (electric) 150 600 1,200 4.00 .33
147 Riunite machinery 300 1,250 4.17 .33
58 Ferrari machinery, struct. 30 130 150 4.33 .33
195 Savigliano machinery 450 2,000 4.44
186 Cigala machinery 40 192 250 4.80 .20
110 FMA machine parts 1,100 5,500 5.00 .82
183 Audoli machinery 50 250 5.00 .60
183 Friulane machinery 50 250 5.00 .24
129 Comerio machinery 75 385 500 5.13 .53
191 Dubosc machinery 300 1538 2,000 5.13 .33
298 Ronfini machinery 30 154 200 5.13 A2
128 Fregati forged parts 20 13 90 5.65 .15
205 Cuneese machinery, struct. 150 900 6.00 17
51 Parenti machinery (agric.) 300 2,000 6.67 43
168 Moncalvi foundry, machinery 150 1,000 6.67
197 Westinghouse air brakes, mach. 1,667 2,500 6.67 .80
251 Cacialli machinery, struct. 37.5 250 250 6.67 .53
60 Callegari railway equipment 90 750 750 8.33 A4
251 Bartolazzi foundry, mach. parts 35 300 8.57 .29
93 Fossati mach. parts (naval) 300 3,000 10.00 1.00
153 Gottardi foundry, machinery 84 1,200 14.29 .27
168 Anelli foundry, machinery 56 800 14.29 .20
195 Savigliano (total) 1,800 32,500 18.06 .61
178 Trezza foundry, machinery 176 5,000 28.41 .40
D. Heavy engi neering, road vehicles
220 Favale bicycles, repairs 10 3 .30  1.00
137 Mona bicycles 15 5 .33 .10
56 Ranieri bicycles 4 2 .50 .63
103 Bianchi bicycles, cars 1,200 650 54 .83
113 Isotta Fras. cars 700 600 .86 .57
202 Maina bicycles, motorbikes 15 13.25 .88 .07
198 Bertoldo cars, etc. 450 417 2,500 .93 .67
59 Valsit bicycles 37 60 1.62
305 Colli bicycles, repairs 4 8 2.00 .50
161 Frera bicycles 250 700 2.80 .60
132 Wolsit cars 300 1,000 2,000 3.33 27
131 Rejna car parts 350 1,333 1,200 3.81 57
131 Sessa car parts 50 222 200 4.44 1.00
140 Silva car parts 8 39 35 488
258 Palandri axles 20 250 12.50



Appendix Table 1, cont.

o @ 3) 4) e ® O @©
Activity Workers Sales Output/ Horse-
Source or (blue- Output (thousand worker power/
page Firm product collar) (tons) lire) (tons) worker
E. Light engineering
161 Balzaretti watches 40 .6 .02 13
113 Koristka precision optics 60 4 150 .07 .50
288 Junghans watches 300 30 .10
150 Gardoncini rifles 375 4 A1 31
150 Cavagna rifles 70 9.6 14
104 Borletti clocks and watches 700 117.1 A7
150 Beretta rifles 200 48 .24 2.00
255 Verita electrical equip. 20 13 50 .65 .15
110 Fossati precision equip. 25 25 100 1.00 12
140 OEB electrical equip. 150 150 600 1.00 A1
54  Santini electrical equip. 350 375 1500 1.07 A7
185 Brugnoli light equipment 12 13 50 1.08 .25
114 Larghi electrical equip. 35 38 150 1.09 .09
114 Lesmo precision equip. 20 25 100 1.25 .30
121 Rejna electric lights 225 300 1500 1.33 .53
111 Gerra machinery (sanitary) 300 500 1,000 1.67
266 OEL elec. equip., etc. 150 300 600 2.00 37
106 Comi machinery (sanitary) 180 438 875 243 22
112 Greco electrical, artistic 115 400 800 3.48 .61
136 Cusano kitchen stoves 25 100 100 4.00 .24

Source: see text.





