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The Price of Nails Since 1695: A Window
into Economic Change

Daniel E. Sichel

ails are a basic manufactured product whose form and quality have
N changed relatively little since the late 1600s, and nails produced then
would be quite recognizable today (as would nails produced in ancient
Rome). Yet the manufacturing process for nails has changed dramatically, with a
shift from artisanal to factory production, a change in power source from hand to
water to steam to electricity, and a shift in materials from iron to steel.
Coincident with those changes, the price of nails fell significantly. In this paper,
I construct a price index for nails, relative to an index of overall consumer prices
and based on data going back to 1695. The real price of nails fell by a factor of about
10 from the late 1700s to the middle of the 20th century, averaging a decline of
about 1% percent per year. These declines are paltry compared with more dramatic
examples: for example, Nordhaus (2007) calculated that the real cost of computing
dropped by a factor of at least 2 trillion times from 1850 to the early 2000s, while
Nordhaus (1997) showed that the real cost of lighting fell by a factor of about 3400
times from 1800 to 1992. However, while these vivid examples provide important
insights, they do not particularly shed light on the developments and changes that
affect more pedestrian products. We need to look elsewhere for that, and one
product that hits the nail on the head is, wait for it, nails. Indeed, these declines in
the price of nails provide a useful entry point for deepening our understanding of
changes in manufacturing processes, key sources of those changes, and the evolving
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role of nails in the US economy. Moreover, nails are ideal for this analysis because
there has been relatively little change in the product itself (unlike the production
of computing power or lighting), thereby greatly simplifying the task of adjusting
for changes in quality over time.

Over the same span of 300 plus years during which these transformations
occurred, the place of nails in the economy (and in popular accounts) also under-
went a huge shift. In 1810 (the earliest year for which I could assemble necessary
data), the use of nails in the US economy (measured as production plus imports
minus exports) was 0.4 percent of nominal GDP, as shown in Figure 1. To put this
share into perspective, in 2019 household purchases of personal computers and
peripheral equipment amounted to roughly 0.3 percent of GDP and household
purchases of air travel amounted to about 0.5 percent. That is, back in the 1700s
and early 1800s, nails were about as important in the economy as computers or air
travel purchased by consumers are today.

The high value of nails during earlier periods is reflected in the practice of
recovering used nails. According to Temin (1964, p. 42), during the 1700s aban-
doned buildings were sometimes burned down to facilitate the recovery of nails.
Even a century later, nails were still highly valued. The well-known novel Little House
on the Prairie (Wilder 1935, p. 124) contains a description of attaching a roof to a log
home on the frontier during the 1870s (after the price of nails had already fallen
significantly from the late 1700s), which highlights the value placed on nails:

Now Pa carefully took the nails one by one from his mouth, and with
ringing blows of the hammer he drove them into the slab. It was much
quicker than drilling holes and whittling pegs and driving them into the
holes. But every now and then a nail sprang away from the tough oak
when the hammer hit it, and if Pa was not holding it firmly, it went sailing
through the air.

Then Mary and Laura watched it fall and they searched in the grass till
they found it. Sometimes it was bent. Then Pa carefully pounded it straight
again. It would never do to lose or waste a nail.

Today, 150 years after the period depicted in Little House, the price of nails has
fallen far enough (and alternative means of fastening objects together have been
developed) so that an individual nail seems cheap and disposable.! The importance
of nails in the economy, as shown in Figure 1, had dropped to a de minimis share of
less than 0.01 percent by 2017.

I Despite the very substantial declines in the relative price of nails documented in this paper, some
builders still recover them from construction sites—although this now largely is seen as a sign of frugality.
For example, the New York Times reported in the obituary of Fred Trump (Donald Trump’s father) that
the senior Trump at one of his construction sites “would walk through the studs and across the plywood
floors, picking up unused nails to hand back to his carpenters the next day” (Rozhon 1999).
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Figure 1
Nails as a Share of Nominal GDP
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Source: Author’s calculations based on French (1858) and data from the Census of Manufactures and
from the American Iron and Steel Institute, as detailed in the online Appendix available with this
article at the JEEP website.

Note: The figure plots domestic absorption (production plus imports minus exports) as a share of
nominal GDP. Data include nails, spikes, tacks, and staples. Data points are shown as dots connected
by line segments. For underlying details of data and methods, see online Appendix, available with this
article at the JEPwebsite.

This essay investigates the long-term patterns in nail prices and their under-
lying causes. Some of the facts that emerge include: 1) real prices for domestically
produced US nails fell dramatically up until about 1930; 2) improvements in multi-
factor productivity are the main cause of price decline in nails up though the 1930s,
although declining prices of materials also play a role; 3) reported real nail prices
have risen since the 1930s owing partly to rising materials prices but also likely to
difficulties in tracking prices of basic nails as US nail producers shifted toward
specialty nails in the wake of import competition; and 4) including the complemen-
tary technology of nail guns, the price of installed nails has risen much less than the
price of nails themselves in recent decades. A recurrent theme that runs throughout
the discussion is that changes in the production of even a humble item like the nail
are often intertwined with larger technological changes in the US economy that
touch on multiple areas of both of micro- and macroeconomics.

A Brief History of Nails

Nails fall into three broad types—hand-forged, machine cut, and wire—with
each of these types dominant in each of three overlapping periods as described in
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Adams (2002), Lewis (1998), and Wells (1998). (Additional details on the timeline
and additional source citations are in Appendix Table Al.) Hand-forged nails have
been made at least since Roman times and continued to be made in relevant quan-
tities through about 1820. Forged nails are made by a blacksmith (or nailsmith),
hammering the nail from a rod of iron and hammering a head on the top.

Cut nails are made by a bladed machine that cuts nails from thin strips of iron
or steel. The first patents for cut nails in the United States were granted in the 1770s
and 1780s, and a flood of patents followed in subsequent years. The manufacturing
technology for cut nails improved dramatically during the 1800s as production
shifted to factories, mirroring many of the developments of the broader industrial
revolution. The power source shifted from water to steam and later electricity, and
more and more of the individual tasks of nail-making became mechanized. In the
1880s, production shifted from iron to steel nails.

By the 1880s, wire nails became more prevalent, with the first US patent for
wire nails granted in 1877. Initially, wire nails were made from iron wire. By the late
1880s and early 1890s, wire nails were being produced from stronger steel wire in
sizable quantities as the technology for producing steel improved. Wire nails are
made by cutting each nail from a coil of drawn wire, sharpening a tip, and adding
a head. Wire nails remain the dominant type used for most purposes today, though
cut nails are still used for some specialty applications such as period architecture
and furniture.” For wire nails, the manufacturing technology also improved consid-
erably in the decades after the 1880s. Today, a significant part of nailmaking has
become continuous-process manufacturing, with large wire rolls fed into a machine
that automatically transforms that wire into finished nails.

Hand-forged and cut nails look rather similar and, indeed, they have similar
“holding power” (or resistance to being withdrawn after being hammered in). One
advantage of hand-forged nails over early machine-cut nails is that forged nails could
be “clinched”: that is, the tip of the nail that extended through the pieces of mate-
rial being joined could be bent over, or clinched, thereby increasing the holding
power of the nail. Early machine-cut nails had the grain of the metal running
perpendicular to the length of the nail, and cut nails would break if an effort was
made to clinch them. Later, cut nails were made with the grain of the metal running
parallel to the length of the nail, and these cut nails could be clinched. Wire nails
have considerably less holding power than forged or cut nails, but because each
nail is lighter, shipping costs per nail were less. The basic wire nail has changed
relatively little since the 1890s, with the graphic in late 19th century Sears catalogues
depicting a nail that looks much like one that could be purchased at Home Depot
today.

Even for a run-of-the-mill item like nails, the changes in manufacturing
processes were a big deal. Prior to the industrial revolution, nails were produced

20ne US manufacturer—Tremont Nail Company in Wareham, Massachusetts— still makes cut nails, in
some cases using vintage machinery with some components dating back to the early 19th century.
3Based on a factory tour and conversation with Gary Anderson in early 2020.
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one at a time by a blacksmith, and according to Rybczynski (2000, p. 70-71), it took
about a minute for a skilled blacksmith or nailsmith to produce a single hand-forged
nail. Adam Smith (1776) highlighted early process improvements for pin manu-
facturing, and many of the same developments would have been applied to nail
manufacturing as well. Changes since then have been more dramatic. Currently, a
typical nail-making machine with a footprint of about three square feet can produce
300 to 450 wire nails in a minute, while the newest machines can produce 2000
nails per minute. Assume 500 nails per minute, on average, and that a worker can
operate seven machines at once.’| Thus, the number of nails produced per minute
of worker time has increased by a factor of 3500 times since the era of hand-forged
nails.

These shifts from hand-forged to cut to wire nails track with broader changes
across the US manufacturing sector described by Goldin and Katz (1998). They
highlighted the evolution from artisanal to factory to continuous-process produc-
tion technologies, and nails provide a canonical example of that transformation.

The rapid price declines for nails documented in this paper also affected
economic activity more broadly in the 19th and early 20th centuries. Those effects
were especially pronounced in the construction industry (including railroad beds
and fences) during a time when construction represented a larger share of economic
activity than it does today: for example, residential and nonresidential construc-
tion amounted to 16 percent of nominal GDP in 1839 (Gallman 1966), compared
with about 6% percent of GDP in 2019. One particularly important transforma-
tion within construction is that the drop in prices of nails enabled “balloon-frame
construction” to develop in the 19th century as a considerably lower-cost style of
construction than the long-used post-and-beam approach (Jackson 1987). Balloon-
frame construction—in which a building’s walls are made up of dimensional-lumber
studs (typically 2" x 4" today) that carry the weight of the structure—use many nails
and became feasible only after the relative price of nails had fallen far enough.
Outside of construction, other downstream sectors benefitting from price declines
for nails include furniture, wooden containers and boxes, and many other products
made from wood.

Beyond reductions in cost of production, the variety of nails produced has
expanded significantly over the years, including nails made from specialized mate-
rials for particular applications, nails made with coatings to prevent rust, and nails
made with rings around the shank to increase holding power. Indeed, the website
of Maze nails, one of a handful of current American nail manufacturers, lists 110
distinct varieties of nails, not counting different sizes and colors of the same type
of nail.]

4Roelif Loveland, President of Maze Nails, provided information in a January 2020 email on the number
of nails per minute made by a typical nail-making machine as well as the number made by the latest
machines. In addition, he reported that a worker can operate seven machines at once.

5 Catalog available at https://www.mazenails.com/assets/pdf/maze-nails-price-list-catalog.pdf. The list
of nail varieties is on page 4 of the 2020 catalog.
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Figure 2
Nominal Price of Nails, 1695-2018
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Source: Author’s calculations based on Beveridge (1939), Cole (1938), Bureau of Labor Statistics Producer
Price Index reports, and other sources as described in the online Appendix.
Note: For underlying details of data and methods, see online Appendix.

Nail Prices

Raw Nominal Price Data

Figure 2 plots the raw data on the nominal price of nails in cents per pound;
nearly all the price quotes I found for nails were on a price per pound basis. In the
figure, different colors capture the different “regimes” of data. The green segment
refers to prices from Beveridge (1939) for nails in the United Kingdom from 1695
to 1792. Beveridge collected these prices from log books from a hospital in Green-
wich, United Kingdom, as well as from schools and government departments. Given
the time period, these quotes must have been for hand-forged nails, and the quotes
cover a wide range of sizes, with prices provided in UK shillings per 12 pounds of
nails. I converted these prices to US dollars using an exchange rate from UK pounds
to US dollars for 1792.f Thus, before 1792, these prices are capturing movements in
prices in the United Kingdom, indexed to the 1792 value in cents per pound.

5The exchange rate used for 1792 is $4.47 per UK pound sterling, downloaded from the Measuring
Worth website at www.measuringworth.com (Measuring Worth 2011a,b).
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The blue segment in Figure 2 captures prices from Cole (1938) for the period
from 1784 to 1813. These data represent wholesale prices in the Philadelphia
market.’| The type of nail is not specified, but, given the time period, these quotes
probably cover a mix of hand-forged and cut nails. I refer to this segment of data as
“mixed.” The quotes in Cole are for various size lots, and they were all converted to
cents per pound of nails.

The red segment covers machine-cut nails from 1814 to 1890. These data are
from Cole from 1814 to 1828 and from various other sources in the later part of the
period. The price quotes cover wholesale prices for New York City through 1849 and
prices posted by a Pennsylvania nail manufacturer through 1890. The quotes are for
dollars per 100 pounds and were converted to cents per pound.

The black segment in Figure 2 covers the period from 1890 to the present and
refers to wire nails. This segment incorporates data from the Bureau of Labor Statis-
tics, reflecting a number of different reports for the earlier periods and Producer
Price Indexes for more recentyears. In the data, the quotes are for different varieties
of nails and are quoted for lots of various sizes. All of these quotes were converted
to cents per pound.

The choice of breakpoints in price quotes across the different types of nails is
largely driven by data availability. That said, the switchovers to cut nails in 1814 and
to wire nails in 1890 are consistent with what historical archaeologists characterize
as the eras in which each type of nail was prominent (for example, as described in
Wells 1998, Figure 8).

At the data breakpoints, as can be seen in Figure 2, there are some discontinui-
ties in prices. In the late 1700s, the series for forged nails in the United Kingdom
(shown in green) is below the series for “mixed” nails (shown in blue) in the
United States. This gap could reflect any of a number of factors. Perhaps nails were
produced more cheaply in the United Kingdom in this period. However, shipping
nails was expensive, so if shipping charges were added to the UK prices, they might
look more like the higher US prices during this period. In addition, the descrip-
tions of the nails for which prices were collected often are limited, so there likely
are differences in what is being priced. The break after 1813 reflects the data source
that began explicitly pricing cut nails starting 1814. The implied jump in price in
that year is not so surprising given that it occurred during the War of 1812, when
many commodity prices rose. The other interesting overlap is that between the
series for cut nails (red) and wire nails (black). It appears that wire nails were more
expensive, raising the question of why buyers shifted to wire nails, particularly given

“The online Appendix provides details on the sources from which all of the prices in Figure 2 were
drawn. As highlighted in the text, the price quotes from nails are taken from disparate sources, often
reflecting prices in major cities that may or may not be representative of nail prices in other locations
or purchased through other distribution channels. Overcoming this challenge would be difficult given
available data. That said, Rothenberg (1979) found that movements in prices received by farmers for
agricultural products in rural Massachusetts were similar to price movements for those products in
Boston and New York City.
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their less impressive holding power. The resolution of this puzzle is discussed in the
section below on quality adjustment.

An Alternative Price Series since 1897

As a check on the nail prices from the US Bureau of Labor Statistics covering
the period since the late 19th century, I also collected prices for 2" nails from Sears
catalogs. These quotes extend from 1897 to 1960, the last year the Sears catalog
included steel wire nails in a variety of sizes. One appeal of the Sears prices is that
it is straightforward to compare like to like by pricing the same nail over time.
For example, it is possible to track the price of 2" nails—that is, size 6d—over this
period, where a number followed by the letter d is a standard for nail sizing. More-
over, economists have a long tradition of using Sears catalogs (and those from other
retailers) to track prices over time—including work by Rees and Jacobs (1961) and
Gordon (2008)—so these catalogs are a natural source to use as a check on the
government price data.

These Sears prices are plotted as the dashed black line in Figure 2.7 Starting in
1897, these prices are nearly indistinguishable from the US Bureau of Labor Statis-
tics prices shown by the solid line. However, subsequently, the Sears series starts to
rise more rapidly than does the Bureau of Labor Statistics series and by 1960 the
Sears price is 70 percent higher than the other price (16.4 versus 9.6 cents). While
it is difficult to ascertain definitively the source of this growing gap, a likely factor
is a shifting wholesale/retail margin at Sears. The price quotes forming the basis
for my preferred price series are producer prices. The Sears price is, technically,
a retail price, though in the late 1800s and the first part of the 1900s, Sears sold
nails in large volumes (100-pound kegs) and sold them directly to homebuilders
(as inferred from the advertising copy in the catalogs). In the more recent period,
it appears that the Sears catalog was catering almost exclusively to small-scale retail
purchasers of nails. In particular, starting in the mid-1930s, Sears began quoting
prices for one-pound packages and in the early 1940s began quoting prices for five-
pound packages; by this time, Sears no longer quoted prices for 100-pound kegs of
nails in its catalog.

These changes support the view that Sears gradually shifted from being more
of a wholesaler to more of a retailer in the market for nails. Such a shift would be
consistent with the more rapid increase in nail prices at Sears relative to the Bureau
of Labor Statistics prices and would suggest that Sears prices after about 1930 may
not be so useful for tracking producer or wholesale prices of nails. This gap also
emphasizes the importance of care in choosing what price of a product to track over
long spans of time.’

8The Sears prices of nails are plotted on a cents per pound basis to match the units of the other raw series
shown in Figure 2. As noted below, these prices can be readily converted to a cents/nail basis.

91 suspect that this issue of shifting wholesale/retail margins could affect other products in the Sears
catalogs as well. In a different context, Gordon (2009) found evidence for a later period that prices for
apparel in the Sears catalog increased relative to the Consumer Price Index as Sears was increasingly
undercut on prices by new competitors such as Target and Walmart. My conjecture about margins, along
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Real Prices

The real price of nails over time is constructed by deflating the nominal nail
price index with an index of consumer prices. I construct a consumer price index
back to 1695 by using ratio splices to link together series for the United Kingdom
retail price index from 1695 to 1784, the US Consumer Price Index for 1784-1928,
and the chain price index for Personal Consumption Expenditures from the
US Bureau of Economic Analysis for 1929-2018. Of course, as Gordon (2009),
Nordhaus (1997), and many others have noted, comparisons of price indexes over
very long spans of time raise a host of difficult issues. Nonetheless, it seems more
relevant to focus on real prices—despite the inherent limitations—rather than
nominal prices, particularly given the central interest in the prices of nails relative
to those of other goods and services.

Real prices of nails, relative to the consumer prices, are shown in Figure 3 on
a cents-per-pound basis from 1695 to 2018 by the dashed line segments. On this
basis, without any adjustment for quality changes, the real price of nails was rela-
tively stable from 1695 through the early 1800s (at least compared with the large
decline that followed) with a peak in the mid-1700s. Then during the 1800s, the real
price fell substantially through the 1930s before rising, on balance, over subsequent
decades.

Quality Adjustment

Ideally, price indexes are constructed on a quality-adjusted basis, so that price
comparisons over time are like-to-like. For example, directly comparing prices of
a car today to a Model T in 1908 would be problematic because the quality of the
vehicles is so different that it would not represent, without some adjustments, a like-
to-like comparison. Quality-adjusting prices of nails is much easier because, as noted
above, nails have changed very little over the centuries. In my calculations, just two
adjustments are made to construct a quality-adjusted price index for nails.

First, nail prices are adjusted so as to track as accurately as possible the same size
nail over time. The series on nail prices on a cents-per-pound basis does not price
a homogenous product, but rather is conflating prices of nails of many different
sizes. To standardize the size of nails in the index, I convert everything to be as
equivalent as possible to a 2" (size 6d) nail. For the earlier periods before nails
sizes were standardized, I also standardize on 2" nails. To do this, I convert pounds
of nails to the number of 2" nails using an estimate of the number of 2" nails per
pound. I use a count of 85 nails per pound for both forged and cut nails for the
period spanning 1695-1889 based on an average of counts from multiple sources
(as detailed in the online Appendix). Wire nails are considerably thinner, and as the
price quotes switch to wire nails in 1890, the count jumps to 150 nails per pound for
2" nails in that year. The count briefly increases further to 181 during World War II
when nails available to the public became thinner, presumably to conserve essential

with Gordon’s results, suggests that researchers using catalog prices need to be mindful of what catalog
prices represent.
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Figure 3

Real Price of Nails, Cents/pound (Dashed) and Cents/Nail (Solid), Relative to
Overall Consumer Prices

(in 2012 US Dollars)
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Source: Based on author’s calculations using prices from Figure 2, counts of the number of nails per
pound as described in the text, and an index of consumer prices described in the online Appendix.
Note: For underlying details of data and methods, see online Appendix.

war materials. After the war, the count dropped back to 168, where it has remained
since. With these counts, I convert prices in real cents per pound to real cents per
nail, and the solid line segments in Figure 3 show these prices.

One key difference is evident between the two lines in Figure 3 as a result of
this quality adjustment. Prices fell by a larger multiple on a per nail basis than on a
per pound basis. In particular, note what happened around the period of transition
in price quotes in 1890 from cut nails to wire nails. On a per pound basis, wire nails
look more expensive than cut nails, but on a per nail basis, wire nails look less expen-
sive than cut nails. The reason for this difference is the higher count of wire nails
per pound than of forged or cut nails. Temin (1964) pointed out that the lighter
weight of wire nails meant lower shipping costs per nail, enhancing the attractive-
ness of wire nails. This discussion highlights the importance, for the purposes of
price measurement, of being as precise as possible about the product being priced.

The second adjustment accounts for differences in other characteristics of
hand-forged, cut, and wire nails. Key differences include “holding power” and ship-
ping costs."

1The online Appendix provides some additional information on the holding power of cut and wire
nails, as well as some additional analysis of shipping costs.
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Regarding holding power, wire nails have less holding power than cut or forged
nails. This outcome occurs primarily because the cross section of a cut or forged nail
is rectangular and tapered compared with the round and untapered cross section
of a wire nail. The greater holding power comes from the wedging action arising
from the shape of the cut nails when pounded into wood. In the world of wood engi-
neering, these differences in holding power have been measured, and the literature
suggests that cut nails have about twice the holding power of wire nail. The prices
plotted in Figure 3 could be adjusted explicitly for differences in holding power.
However, for many applications, the smaller holding power of wire nails is perfectly
sufficient—so that the greater holding power of cut nails would be unnecessary and
may not be valued as highly as would be suggested by an explicit adjustment for
holding power.

Shipping costs are another characteristic that would be important to some
buyers. For example, the 1897 Sears catalog indicates that shipping costs for a
100-pound keg of nails from Chicago to Boston amounted to about 20 percent of
the price of the nails. Given the greater number of wire nails that would be in a keg
compared with the number of cut nails, shipping costs per nail would have been
considerably lower for wire nails than for cut nails. Again, with some additional data
and calculation, the prices in Figure 3 could be explicitly adjusted for differences
in shipping costs.

How best to account for identifiable differences in holding power, shipping
costs, and any other relevant characteristics of different types of nails? One modern
approach would be to construct a so-called hedonic price index that would use
statistical techniques to account explicitly for all relevant characteristics of nails and
for how the marketplace valued those characteristics. Data limitations make that
impossible in this case. Thus, I use another common technique, a matched-model
procedure. This methodology links the cents-per-nail prices in Figure 3 across the
switchover points from one type of nail to another; this linking will accurately adjust
for quality change to the extent that the price/performance ratio for nails was
equalized by the market in periods when multiple types of nails were available. This
approach is a sensible and widely used methodology to construct a consistent price
index that adjusts for changes in quality over time so that like can be compared
to like, given available data. Specifically, I start with the prices for the most recent
period (the black segment for wire nails), and then link backwards. In each of the
crossover years (1890, 1814, and 1784), I use the price from the more recent type of
nail and link and extend backwards from that year using percent changes in prices
for the earlier type of nails in the earlier years.

The matched-model price series is plotted in Figure 4. It shows that real prices
of nails fell by a factor of about 10 from the late 1700s to its low point in the middle
of the 20th century, amounting to a 1.6 percent annual average rate of decline from
1792 to 1930. Declines in real prices during this period were uneven, with especially
rapid declines during two periods: from the early 1820s to 1860 and from the early
1880s through about 1930. Since the middle of the 20th century, real prices have
risen considerably on balance.
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Figure 4
Real Price of Nails: Matched-Model Index, 1695-2018
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Source: Based on author’s calculations from prices shown as solid lines in Figure 3.
Note: For underlying details of data and methods, see online Appendix.

What Accounted for Changes in the Real Price of Nails?

Over long spans of time, changes in nail prices, as for any product, should
largely depend on changes in the cost of inputs and on advances in the production
technology (very roughly captured through multifactor productivity). Economists
capture these relationships through decompositions that break down changes in
prices of a product into its proximate sources. While such decompositions are not
causal in any sense, they do provide valuable insights; for example, quantifying link-
ages between changes in prices of nails and changes in the prices of key inputs such
as iron or steel.

The basic setup for this decomposition begins with a conventional growth
accounting relationship that decomposes quantities. In a textbook version, growth
in output (value-added) is broken down into contributions from capital, labor, and
multifactor productivity. Typical assumptions in this setup include a Cobb-Douglas
production function with constant returns to scale (factor shares summing to one)
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and perfect competition in input and output markets. Multifactor productivity
captures all elements other than inputs that affect output and often is taken by
macroeconomists to be a rough measure of the state of technology; that is, multi-
factor productivity rises if it is possible to produce more output from the same
quantity of inputs. With these assumptions, the growth in output equals a weighted
average of growth in capital and labor (with the weights equal to factor shares) plus
the growth in multifactor productivity.

For the purpose here, a more complex version of this relationship, the KLEMS
variant of growth accounting as described in Jorgenson, Fukao, and Timmer (2016),
is more useful. This approach decomposes growth in gross output (Y) into—in addi-
tion to capital (K) and labor (L) inputs—energy inputs (E), materials (M), and
purchases of services (S). Purchased services include any services purchased from
outside the business, such as repair services. The full relationship, including multi-
factor productivity is given by:

j}=aKk+o¢Li+aEé+ocMﬁL+(l—ozK—aL—ozE—aM)S+(mfp)

where lower case variables with dots over them represent growth rates (log differ-
ences) of inputs and « are the factor shares. In this setup, both the growth rates of
inputs and the factor shares vary year to year.

Because I am focusing on changes in prices rather than quantities, I turn to
the dual representation of the production function. While the production function
focuses on the relationship between the quantities of output and inputs, the dual is
a corresponding relationship between the price of output and the cost of inputs. In
percent change terms the dual relationship is:

j? =O[K7."C+ Oé[‘w‘f‘ O[Eﬁe‘f‘ OZIW?/\/[+ (1 —Qg— 0 — O[EO[A/[) 1bS_ mfp

where Pis the price of nails plotted in Figure 4, RCis the rental costs of capital, W
is wages, Pyis the price of energy, Py, is the price of materials, and Pgis the price of
purchased services, respectively, with all prices measured in real terms. Again, lower
case variables with dots over them represent growth rates (log differences) of inputs
and the terms are the factor shares. Notice that growth of multifactor productivity
enters the dual equation with a negative sign. When focusing on quantities, gains in
multifactor productivity raise output; when focusing on prices, gains in multifactor
productivity hold down prices relative to the contributions of factor costs. In short,
this formulation says that changes in the price of nails reflects a weighted average of
changes in input (factor) prices using factor shares as weights, with an adjustment
for multifactor productivity growth.

To implement this dual equation, I proceeded as follows. The series on quality-
adjusted nail prices from Figure 4 is used for the left-hand side. For the right-hand
side terms for each input, I compiled an annual dataset on factor prices and factor
shares for capital, labor, energy, materials, and services as described below. Finally,
in this type of analysis, growth in multifactor productivity is calculated as a residual
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by subtracting the terms for changes in input costs from changes in prices. As noted
above, multifactor productivity captures all elements other than changes in factor
prices or shares that affect the price of nails, such as rearranging the physical layout
of production once electricity became widely used as a power source.

Data on Factor Prices

For factor prices, I assembled annual data back to 1790 on the rental cost of
capital, wages, the price of energy as likely used in manufacturing, the price of
steel and iron for earlier years, and an estimate of the price of purchased services.
I used 1790 as the initial year because that is when the wage series started. Briefly, I
used data from various sources, including the Bureau of Labor Statistics, Gallman
and Rhode (2019), measuringworth.com, the NBER MacroHistory database, Temin
(1964), and Warren and Pearson (1933). Each factor price was converted to real
2012 dollars using the index for consumer prices that was used to calculate real
nail prices. Additional details on sources and data construction are described in the
online Appendix.

Figure 5 plots the resulting real factor prices for each input with each price
indexed to 100 in 1790. Real wages rose substantially from 1790 to 2018, as did
the real price of purchased services. (No surprise that purchased services rose in
a similar way to services, given that wages were used as an extrapolator for costs
of services prior to 1949.) The real rental price of capital was relatively flat from
1790 until about 1900, and then moved lower through 2018. The real price of
energy followed a similar trajectory to that of capital, though it declined more
rapidly during the 20th century until the early 1970s energy crisis, after which it
moved higher. The real price of materials fell through about 1950 and then began
moving higher.

These long spans of factor prices rely on solid research by statistical agencies
and economic historians. That said, they undoubtedly are measured with some
error. Again, linking together price statistics over long spans of time can miss the
benefits of more revolutionary changes in inputs. For example, the benefits of the
switch from water-power to steam-power likely are missed in my methodology, given
that fuel prices were used to extend back into the period when water was a principal
power source. The linking methodology also may miss benefits of the switch from
steam to electric power. Moreover, I pulled data from many different sources, likely
creating inconsistencies in the definitions and data collection procedures used.

One area of particular concern is the rental price of capital, because the capital
stock deflators that I rely on were not constructed with the attention to quality
adjustment that is typical for many types of capital in a modern price measurement
framework. Nonetheless, these factor prices capture important trends over time.
In addition, the price decomposition I implement relies only on growth rates (log
differences) in these factor prices, so some inconsistencies in levels will be washed
out. Finally, as shown by the sensitivity analysis described below, even substantial
allowances for measurement error in the cost of capital would not alter the basic
story that emerges from my analysis.
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Figure 5
Real Factor Prices, 1790-2018
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Source: Based on author’s calculations in the online Appendix.

Data on Factor Shares

For factor shares for capital, labor, energy, materials, and purchased services,
I also had to rely on a range of sources, including a decomposition for fabricated
metal products since 1949 into these inputs published by the Bureau of Labor Statis-
tics; the Hand and Machine Labor study published in 1899 that compared machine
production for many products in 1897 to hand production for the same products in
1813'%; and the Bateman, Weiss, and Atack extracts from the 1850 and 1870 Census
of Manufactures as described in Atack and Bateman (1999). From these sources,
I obtained annual factor shares from the period 1949-2018 and shares for 1813,
1850, 1870, and 1897. For the intervening years, I linearly interpolated shares. For
the years prior to 1813, I used the 1813 shares. Because I am using a decomposition
into five factors (plus multifactor productivity), the labor and capital shares will not
be the familiar two-thirds and one-third, although the five factor shares still sum to
unity under the maintained assumption of constant returns to scale.

H¥or background on the Hand and Machine Labor study, see Atack, Margo, and Rhode (2019, 2020).
They recently digitized the voluminous information in that study, making it much more widely accessible
to researchers. Although not directly related to the measurement of factor shares, see Margo (2015)
for a discussion of likely measurement error for the labor input of smaller firms relative to larger firms.
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Estimating factor shares for 1850 and 1870 from the Bateman, Weiss, and Atack
Census extracts has not been done often and is not entirely straightforward so a
brief explanation here is warranted, with details of this and other data sources and
procedures described in the online Appenolix.12 For 1850 and 1870, the extracts
provide firm-level accounting information for a sample of firms in those years. I
identified the firms in the extracts for which nails were the dominant output: seven
firms in 1850 (three hand-powered, three water-powered, and one steam-powered)
and four firms in 1870 (three steam-powered and one water-powered). For each
firm, the extract provided figures for the value of output, the wage bill, the cost of
energy inputs, and the cost of materials inputs. From these, I could calculate factor
shares for labor, energy, and materials. The extract also provided an estimate of firm
“capital,” although itis not entirely clear whatis included in that figure. Nonetheless,
I used that number and the user cost of capital formula (along with some assump-
tions about components of the formula) to estimate the factor share for capital.
For purchased services, I calculated the factor share as a residual, subtracting the
value of all other inputs from the value of nails produced. The numbers used for my
decomposition are the unweighted average factor shares across the seven firms in
1850 and across the four firms in 1870.

Figure 6 plots the estimates of factor shares from 1790 to 2018. Two obser-
vations fall out immediately from this figure. First, the capital intensity of nail
production rises over the period, with capital’s share rising steadily over time from
a low between 3 and 4 percent at the beginning of the sample to about 15 percent
by 2018. Second, the energy share remains low throughout the sample, though it is
lowest in the earliest years. Other observations are more subtle, given the ups and
downs of factor shares. Labor intensity was relatively high early in the sample during
the period of hand production (about 34 percent in 1790). As nail manufacturing
began to become mechanized, the share fell to about 25 percent in 1850. The share
then rose over the next 100 years to reach just above 40 percent in the early 1950s.
Since then, my estimate of the labor share drops back to about 30 percent by 2018,
likely owing to increased mechanization as reflected by the rise in the capital share
during this period. The materials share generally increases and then falls back,
rising from around 36 percentin 1790 to about 50 percent by 1870, drifting lower to
about 40 percent by the late 1940s, and then fluctuating around that value through
the end of the sample. Finally, the purchased services share generally declines and
then increases part way back; specifically, it falls from around 25 percent early in the
sample to around 10 percent in the 1980s before rising back up to about 15 percent
by the end of the sample.

In my view, the factor share estimates are the weakest element of the price
decomposition, given the sparseness of years for which I obtained estimates, the
range of very different sources and methodologies, and the incompleteness of data
even for the years for which I obtained estimates. Indeed, one could argue that

120ne other paper that used these data to identify key aspects of production processes is Margo and
Atack’s (2019) paper on US blacksmithing from 1850 to 1870.
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Figure 6
Factor Shares, 1790-2018
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Source: Based on author’s calculations from sources described in the online Appendix.
Note: For underlying details of data and methods, see online Appendix.

we do not know enough about early factor shares to draw confident conclusions.
However, the sensitivity check described below suggests that any plausible measure-
ment error in factor shares would not significantly affect the conclusions drawn
from the decomposition of proximate sources of changes in real prices of nails. In
addition, my estimates for factor shares are not that different from those of other
researchers using different sources (again as described in the online Appendix).

What Accounted for Price Changes?

With data on factor prices and shares in hand, I can calculate the price term
on the left-hand side and the term for each input on the right-hand side of the
price decomposition for each year, estimating multifactor productivity growth as a
residual. For these annual estimates, I follow usual practice in the growth accounting
literature in which the factor shares used in the decomposition are the average of
shares for the two years covered by each annual percent change in a factor price;
for example, the factor shares entering the price equation for, say, 1872 are the
averages of the annual factor shares for 1871 and 1872. Although I calculate the
decomposition for each year, I only report averages over longer spans of time, given
the short-run volatility in markups, tariffs, taxes, and other factors.
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Table 1
Sources of Real Price Change for Nails, 1790-2018

(annual averages over periods shown)

Percent change Contribution of (in percentage points)
Purchased Multifactor
Nails Capital ~ Labor  Energy Materials services productivity
Period ) 2 (&) ) (&) (©) (7)
1791-1820 -0.37 0.03 0.66 0.01 -0.04 0.49 1.51
1821-1860 -1.89 0.00 0.84 0.00 -0.75 0.62 2.60
1861-1880 0.45 0.08 0.30 —0.02 -0.11 0.15 —0.06
1881-1930 -2.89 -0.12 0.62 -0.02 -1.30 0.23 2.31
1931-2018 1.60 -0.04 0.75 —-0.01 0.31 0.10 —-0.48
Memo:
1791-2018 —0.36 -0.03 0.69 —-0.01 -0.31 0.28 -0.97

Source: Based on author’s calculations from data plotted in Figures 4, 5, and 6.

Note: For each period shown, the percent change in the price of nails in column 1 is, by definition,
the sum of the contributions of the factors of production (columns 2 to 6) less the contribution of
multifactor productivity (column 7). All prices are real prices, relative to the consumer price index
described in the text. For underlying details of data and methods, see online Appendix.

Table 1 reports the price decomposition for nails. The selected periods shown
correspond to the eras I identified in trends for real prices of nails: the modest
declines from the late 18th century through about 1820, the first wave of very rapid
declines that came with increasing mechanization through 1860, the flattening out
during the next two decades, the second wave of very rapid price declines between
1881 and 1930, and then the substantial increases in real prices from the 1930s
through the end of the sample in 2018.

Looking across periods, the most interesting and important result in the
decomposition is the large contribution of multifactor productivity. In the early
period (1791-1820) when real nail prices declined about 0.4 percent a year, rapid
advances in multifactor productivity pulled down nail prices by an average of
1.5 percentage points per year. (Recall that increases in multifactor productivity
hold down nail prices.) The improvement in multifactor productivity was even
more substantial during the first (1821-1860) and second (1881-1930) waves of
rapid decline in real nail prices, with multifactor productivity growth holding down
the annual average rate of change of real prices by 2.6 and 2.3 percentage points
in these periods, respectively."” Then, in more recent decades, declines in multi-
factor productivity growth accounted for nearly 0.5 percentage point per year of the
increase in real nail prices.

13The decomposition used here abstracts from shifts in the complementarity of capital to skilled and
unskilled labor as the technology of nail-making evolved, a factor highlighted by Goldin and Katz (1998).
To the extent that such shifts are not accounted for by input prices or shares, they will be reflected in the
multifactor productivity term in the decomposition.
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The very large role of multifactor productivity growth during the two waves
of rapid price declines in real nail prices suggests that developments other than
changes in input costs or factor shares contributed importantly to declining
nail prices. Interpreting multifactor productivity can be difficult because it is
calculated as a residual, so it is impossible to know exactly what accounted for
a given change. Moreover, any measurement error in factor prices or shares
would be reflected in multifactor productivity. That said, other research high-
lights one important explanation for the big role of multifactor productivity.
For the 19th century, Atack, Margo, and Rhode (2019, 2020), using their digi-
tized version of the Hand and Machine Labor study, provide evidence that
mechanization per se accounted for only about one-third of the produc-
tivity advance in manufacturing between 1813 and 1897. In their analysis, the
balance of 19th century productivity advance reflected other factors, such as
the increasing specialization of labor, which would be captured in multifactor
productivity.

Similarly, the outsized role of multifactor productivity likely reflects, at least
in part, the story told by David (1990) for the transition from steam to electric
power early in the 20th century. In particular, he highlights the important role of
reorganization of manufacturing processes in boosting labor productivity, a factor
that also would show up as multifactor productivity growth.

Materials prices also contribute importantly to declines in real nail prices,
especially during the first and second wave of rapid price declines. Specifically,
falling real materials prices pull down real nail prices by an average of about
0.75 and 1.3 percentage points per year in the periods 1821-1860 and 1881-1930,
respectively. These rapid price declines in materials prices—iron in the earlier
period and steel in the latter period—Ilikely reflect the dramatic advances in the
manufacture of those inputs. This pattern of declining materials prices reversed
more recently, consistent with the general upturn in commodity prices after 1950
(as documented by Jacks 2013). The upturn in materials prices in the decades
after 1930 contributed about 0.3 percentage points per year to the average annual
increase in real nail prices.

Among other factors, changes in the rental price of capital account for rela-
tively little of the change in the real prices in any period, reflecting the modest
changes in the price of capital and its relatively small factor share. This result
may seem surprising, but it does fit with the story that there was more than just
mechanization to the changes in nail manufacturing. Real wages make a consis-
tent and noticeable positive contribution to nail prices ranging from about 0.3 to
0.8 percentage point per year on average, partially offsetting other sources that
pushed down nail prices in some periods. Interestingly, declines in the price of
energy make only very modest contributions to declines in the real price of nails
through 1930 and also very little contribution to the upturn in nail prices in
more recent decades. The factor share of energy is sufficiently small so that even
substantial swings in energy prices do not (and cannot) account for much of the
movement in real nail prices.
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Sensitivity Analysis and Measurement Error

As noted, the estimates of factor shares are based on incomplete source data
and so could well be subject to measurement error, especially for periods prior to
1949 (the first year for which more detailed data from the Bureau of Labor Statis-
tics on shares are available). In addition, concerns could be raised that the price
deflator for capital in the earlier periods did not fully account for quality improve-
ments in successive vintages of nail-making machinery. To assess the effect of some
of the more plausible measurement errors, I did two sensitivity analyses.

First, I held factor shares prior to 1949 fixed at their 1949 levels and recalcu-
lated the decomposition of price changes. In this “fixed-share” scenario, the overall
pattern of contributions is very similar to that in the decomposition reported above
with my estimates of factor shares. This result suggests that measurement error
in factor shares would likely have little effect on the conclusions drawn from the
decomposition of price changes.

Second, I considered an alternative scenario for capital prices in which the
deflator for capital falls more rapidly than in the decomposition above to capture the
possibility that significant improvements in capital were not reflected in its deflator.
If that were the case, then the contribution of the rental cost of capital to price
declines for nails would be larger than the negligible effect in the numbers reported
above and the contribution of multifactor productivity to price declines—which is
calculated as a residual—would be smaller. However, even significant measurement
error in the price deflator for capital would not affect the overall story. Between
1790 and 1948, the real rental price of capital used in the decomposition declined
at an average annual rate of 0.29 percent. (By comparison, the average rate of
decline of this variable from 1949-2018 is 0.32 percent.) Suppose that the true real
rental price of capital declined 4 percentage points faster per year than is reflected
in the data I relied on, a change that would represent a massive reassessment of
deflators for capital in the 19th century. With capital’s factor share averaging in
the neighborhood 10 percent, adopting this alternative cost of capital would make
capital’s contribution to declining real nail prices larger by 0.4 percentage point
(=4 x 0.10) a year with an offsetting reduction in the amount by which multifactor
productivity growth held down nail prices. While certainly noticeable, this shift is
modest enough to suggest that possible measurement error in the price deflator for
capital is unlikely to change the overall story dramatically.

What Accounted for the Increases in Real Nail Prices since the Mid-20th Century?
The decomposition of real price changes in Table 1 suggests that the increases
in nail prices since the 1930s primarily reflects two factors: the upturn in materials
costs after decades of declines and a decline in multifactor productivity after sizable
increases in earlier periods. (Again, recall that in this price-based decomposition,
increases in multifactor productivity hold down prices, while declines in multifactor
productivity boost prices.) Real wages also rose in this period and made a positive
contribution to the change in nail prices since the mid-20th century, although that
positive contribution is not so different from that in earlier periods. The increase
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in steel prices amidst a more general rise in commodity prices is straightforward
to understand. However, the decline in multifactor productivity is puzzling. Did
the ability of nail manufacturers to organize production really go backwards? This
question raises the possibility that other factors, not reflected in the earlier decom-
position, may also have played a role. Possibilities along these lines include the
difficulty of tracking prices of US-produced basic nails amidst a shift in domestic
production toward specialty nails in the wake of import competition for basic
nails.

Some straightforward calculations show that the import share for nails
(imports/domestic absorption) began a dramatic uptrend in the 1950s, rising to
about 70 percent by the 1980s before dropping back somewhat. This increase in
imports came earlier than for many other manufactured goods, likely reflecting
that by 1950, the technology for producing basic wire nails was widely understood.

Several pieces of evidence suggest that this increase in imports led domestic
producers to shift to more specialized, higher-value products. First, the US Bureau
of Labor Statistics discontinued specific series for prices of domestically produced
nails after 1998 and shifted to pricing a broader category of steel hardware, presum-
ably because the agency no longer could find enough price quotes for domestically
produced basic nails. Second, a current US nail manufacturer confirmed the shift
in product mix; specifically, the Maze company, one of the few remaining US
producers of nails, now produces mostly specialized nails. In addition, by the 2000s
the US military was having difficulty finding domestically produced basic hardware
(as noted in Mandel 2011).

The final evidence supporting the view that domestically produced nails repre-
sented a different product mix than imported nails comes from a comparison of
prices of imported and domestically produced nails. Relevant import price data
are available starting in 1974, though consistent with the earlier theme prices are
available only for broader and broader categories over time. (From 1974 to 2005,
the available series covers “nails, screws, nuts, bolts, and rivets of iron, steel, copper
or aluminum?”; from 2005 to 2010, the series reports prices for “hardware manufac-
turing”; and since 2010, it covers the even broader category of “fabricated metal
products.”) On this measure, real import prices fell nearly 60 percent from 1974
to 2018. During this time period, the matched-model index for prices of domesti-
cally produced nails increased, on balance. This sharp divergence in the trajectory of
prices suggests that the import price series and the Producer Price Index for domes-
tically produced items were tracking different products. (Additional information on
issues related to nail imports and prices is provided in the online Appendix.)

Taken together, this evidence suggests that in recent decades, my series on real
nail prices was no longer tracking the 2" nail that I standardized on in earlier periods.
While I do not have access to the underlying detail for the relevant Producer Price
Index series, it is easy to imagine scenarios in which prices of specialty nails would
rise faster than those for basic nails that were now imported in significant quanti-
ties. If so, then that shifting product mix also contributed to the run-up in recent
decades in the real nail prices reported in this paper.
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Nail Guns and the Price of Installed Nails

Nail guns, which first became widely available in the early 1980s, are an
important innovation in the construction industry, and they had sizable effects on
the all-in “installed” price of a nail. Indeed, nail guns raise the question of what
nail-related product should be priced. If it is an individual nail, then nail guns can
be regarded as a distinct piece of complementary capital equipment; however, if
the product to be priced is an installed nail, then nail guns should be considered
an integral part of the process of installing nails. An all-in price for installed nails
would include materials (the nails), capital costs (hammer versus nail gun), labor
costs, shipping, and everything else. Although I have not calculated an all-in price
across all years, the following illustrative example highlights that nail guns are a
big deal.

In mid-2020 on Amazon.com, a high-quality pneumatic nail gun that shoots
2" nails could be purchased for $247 and a small compressor and air hose for $170.
Packs of nails for the gun are about $75 per 5,000 nails—about 1.5 cents per nail
and about twice the price of the same size nail not packed in strips for a nail gun.
In contrast, a standard claw hammer costs about $16.'! For illustrative purposes,
assume that a nail gun and compressor last six years in commercial applications
and experiences straight-line depreciation over that period (assume the same for
the hammer). Further, assume that the hourly wage for a construction worker is
$25 per hour, somewhat below what the Bureau of Labor Statistics reported as the
average hourly earnings of a construction worker in July 2020, on the assumption
that a nail installer is somewhat less skilled than an average construction worker
and is paid a bit less. Finally, I assume (based on personal experimentation with
a hammer and nail gun) that a worker with a hammer can install six nails per
minute and that worker with a nail gun can install 20 nails per minute. With these
assumptions, a plausible estimate of the cost per installed nail for a worker using a
hammer is 7.7 cents per nail (including the cost of the nail, the cost of capital per
nail, and the wage per nail). The cost per installed nail for a worker using a nail
gun is 3.6 cents per nail, less than half the cost using a hammer."” This calculation
indicates that the advent and diffusion of nail guns offset some of the rise in the
price of an installed nail thereby mitigating the upward trajectory of nail prices in
recent decades.

4Prices were pulled from Amazon in August 2020 for a DeWalt DWF83PL framing nailer ($247), a
Bostitch BTFP02012-WPK compressor and 50’ air hose ($170), and a standard fiberglass 16 oz. claw
hammer.

15 Additional assumptions are that a full-time worker is employed for 2000 hours a year and that the
worker spends 500 hours installing nails and 1500 hours arranging materials and undertaking other
tasks; accordingly, the labor cost allocated to installing nails is $12,500 (= $25x500). On these assump-
tions, the worker would install 600,000 nails in a year with a nail gun (= 20x60x500) and 180,000 nails
with a hammer (= 6x60x500).
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Conclusion

This paper focuses on nails—a basic, non-revolutionary manufactured product
whose form has changed relatively little over the last three centuries—and constructs
price indexes for nails going back to 1695. The price of nails fell significantly rela-
tive to prices of an overall basket of consumption goods, with the real price of nails
falling by a factor of about 10 from the late 1700s to the middle of the 20th century.
A growth-accounting type of decomposition into a weighted average of input costs
and multifactor productivity highlights that while falling material prices for iron
and steel were important during the two bursts of rapid price drops (1821-1860 and
1881-1930), the most important factor contributing to these rapid price declines
was increases in multifactor productivity during the period.

The mid-20th century represented the end of what could be called the “golden
age of nail manufacturing” that started in the late 18th century. Since then, real
prices of domestically produced nails have risen considerably. These increases reflect
higher materials prices as well as, likely at least in part, difficulties in tracking prices
of basic nails amidst a shift in US production to more specialized and higher-priced
products. This shift in the composition of US production occurred in the wake of
foreign competition in basic nails as advances in the technology of producing basic
nails dwindled. Pushing in the opposite direction, however, the introduction of nail
guns in the 1980s offset a part of these price increases by significantly lowering the
“all-in” price of an installed nail.

The study of nail prices highlights some of the issues involved in price measure-
ment: the details of what the available data are measuring can be quite important,
along with issues of evolving quality, import substitution, and complementary input
technologies. Nails also serve as a reflection of some of the key patterns of US
manufacturing industries: for example, the idea that technology-affecting factors
other than automation were of crucial importance in the 19th century, and how
the growth of imports for basic products where the technological frontier was not
advancing much have altered the face of US manufacturing since the middle of the
20th century. All told, a focus on the price of nails provides a useful window into
economic changes over the past 300 years.
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