Depth to Bedrock and the Formation of
the Manhattan Skyline, 18901915


JASON BARR, TROY TASSIER, AND
ROSSEN TRENDAFILOV
New York City historiography holds that Manhattan developed two business
centers—downtown and midtown—because the bedrock is close to the surface
at these locations, with a bedrock “valley” in between. This article is the first
effort to measure the effect of depth to bedrock on construction costs and
the location of skyscrapers. We find that while depth to bedrock had a modest
effect on costs (up to 7 percent), it had relatively little influence on the location
of skyscrapers.
“Hour by hour the caissons reach down to the rock of
the earth and hold the building to a turning planet.”
Carl Sandburg, Skyscraper

A

frequently cited fact in New York City’s history is that two separate
business districts—one centered near Wall Street (downtown), and
one centered near Grand Central Station (midtown)—emerged because
of a deep bedrock “valley” between these two areas, where the bedrock
is up to four to five times deeper below the surface than on other
parts of Manhattan Island. The conventional wisdom is that skyscraper
developers shied away from the valley because either digging to bedrock
or creating new foundation technologies were too costly relative to
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building in other locations.1 Though this story is deeply embedded in the
historiography of the city, it has never been empirically tested. We study
the effect of depth to bedrock on the cost and spatial distribution of the
first generation of skyscrapers in Manhattan (1890 to 1915) using newly
collected data.
Within urban economics and economic geography, there is a debate
about which forces are responsible for economic agglomeration. One
branch of the literature focuses on the effects of local natural advantage.2
Another branch focuses on knowledge spillovers and economies of
scale.3 In New York, the belief is that bedrock depths created a natural
barrier against agglomeration; this article tests this “natural disadvantage”
hypothesis.
Our results show that bedrock had, at most, a small effect on the
formation of the skyline. While having to dig to bedrock deep below the
surface did increase construction costs (up to 7 percent, on average), the
costs were small relative to overall construction costs and land values. In
regard to the spatial location of skyscrapers, our results show that
the polycentric nature of Manhattan was driven more by the demand for
skyscrapers in particular neighborhoods rather than the inability of
suppliers to provide them in other places. Real estate developers built
skyscrapers to be near already established centers of commerce, where
public transportation was easily accessible, and away from slums and
manufacturing districts. In short, our results provide a confirmation for
the spillovers and economies of scale theories, rather than the natural
disadvantage theory. This stated, however, we do find evidence that the
depth to bedrock did affect the placement of skyscrapers locally within
the individual business districts.
SKYSCRAPERS AND BEDROCK IN MANHATTAN

In the late nineteenth century, a set of technological innovations
allowed for the construction of skyscrapers. High-strength steel beams
obviated the use of thick load-bearing masonry walls. The introduction of
electric elevators with safety brakes made vertical transport both safe
and fast. Due to their height and size, however, these buildings were
heavy and had to be anchored to bedrock to prevent sinking and
1

Evidently, this story emanated from the geologist Christopher Schuberth (Geology of New
York City, pp. 8182), who noticed the correlation between building height and bedrock depths.
We thank Gideon Sorkin for providing the source of the conventional wisdom.
2
See Kim, “Regions, Resources”; and Ellison and Glaeser, “Geographic Concentration.”
3
For increasing returns evidence, see Krugman, Geography and Trade. For knowledge
spillovers evidence, see Glaeser et al., “Growth in Cities.” Davis and Weinstein (“Bones, Bombs”)
find evidence for both locational fundamentals and increasing returns.
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uneven settling.4 But, digging to bedrock in some locations within lower
Manhattan was difficult and expensive because of several hazards: the
bedrock was deep below the surface, the subsoil was wet and viscous,
and large boulders were randomly distributed underground.5 Thus the
ease with which developers were able to reach the bedrock to anchor
skyscrapers could have the potential to greatly impact the cost of
construction and the placement of skyscrapers within the city.6
To investigate this issue, we focus on the first generation of Manhattan
skyscrapers in the period 1890 to 1915, before the implementation of
zoning regulations in 1916. The Tower Building, at 50 Broadway,
completed in 1889, is considered New York’s first “skyscraper”; it was
only 11 stories.7 The following year, Joseph Pulitzer’s New York World
Building was completed at 99 Park Row. At 94 meters it was the world’s
tallest building, and thus it set the standard for New York skyscraper
height. In the ensuing years buildings of 80 meters, about 1819 stories,
or taller were relatively common in Manhattan, and to simplify the
analysis, for the remainder of the article, we define a “skyscraper” as a
building that is 80 meters or taller.
Figure 1 shows the depth to bedrock for our sample of 173 locations in
Manhattan.8 We display skyscrapers as triangles and 99 randomly chosen
locations (without skyscrapers) as circles. 9 At the southern tip of
Manhattan, bedrock can be found at about 8 meters below the surface;
going north, the bedrock dips down into a bedrock valley, which reaches
its greatest depth (just over 45 meters below the surface) between City

4

Geological conditions can have large economic and social impacts. Several structures in
Mexico City, for example, are sinking because the aquifers beneath the city are being depleted. The
Leaning Tower of Pisa is perhaps the most famous building constructed without proper regard for
the earth that supports it.
5
Regarding the costs of foundations in lower Manhattan, a 1912 article writes, “Builders
sometimes ask why foundation work costs so much in New York. The answer is: The risk is so
great no matter how well trained the units of a foundation company’s working organization may
be, mistakes are sure to happen at times. No matter how carefully the site may have been bored,
boulders or quicksand are liable to appear. . . .All perilous work is expensive, because men of
robust physique and of sufficient bravery hourly to risk death are hard to find” (“Recent Problems
in Pneumatic Foundation Setting.” Real Estate Record and Builders’ Guide. 89, no. 2303, May 4,
1912, 933).
6
Caissons were used to anchor buildings to the bedrock when there was wet subsoil. But
working in high-pressure environments was also quite dangerous (“Building a Foundation for a
Skyscraper.” New York Times, June 19, 1904, MS8).
7
The Tower Building was considered a skyscraper because it was the first building in New York
to use an all-steel skeletal design (Landau and Condit, Rise, p. 164).
8
Virtually all of Manhattan south of Central Park is comprised of strong metamorphic rock,
which is part of a larger formation known as the New England Upland. The particular type of rock
is referred to as Manhattan schist (see Tamaro, Kaufman, and Azmi, “Design and Construction
Constraints”; and Baskerville, “Bedrock”).
9
Information about data sources is presented below.
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FIGURE 1
DEPTHS TO BEDROCK FOR MANHATTAN SOUTH OF CENTRAL PARK VERSUS
LATITUDE
Note: Depth is measured relative to the surface.

Hall and Canal Street. The depth to bedrock then decreases as one
moves toward 14th Street, where, on average, it remains relatively close
to the surface.
In regard to the effect that depth to bedrock may have had
on skyscraper locations, there are several possibilities. First, bedrock
deep below the surface may have been seen by developers as an
insurmountable barrier that prevented skyscrapers from being built in the
valley. However, Figure 1 indicates that this was not the case. The
deepest bedrock in our data set is just over 45 meters below the surface,
but some skyscrapers built during this time period were constructed
on bedrock that was greater than 40 meters below the surface.10 Second,
although building above deep bedrock may have been technologically
feasible, developers may have found skyscraper construction in the
bedrock valley to be too costly relative to the benefits. Again, this
possibility is somewhat disproved by Figure 1. Skyscrapers were built
above some of the deepest bedrock in the city. Thus it appears that it was
economically feasible to build over deep bedrock when there were also
10
Note that some of the first skyscrapers built near City Hall rested on piles; however, these
buildings were among the very earliest skyscrapers and were generally less than 20 stories. Piles
were considered insufficient support for taller buildings (“Faults of Pile Foundation.” New York
Times, August 13, 1897, 8; and Landau and Condit, Rise, p. 24).
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sufficient demand-side benefits. Finally, the effect of depth to bedrock
may have been small enough that it did not greatly effect the location
choice of builders. We analyze and test these hypotheses in the rest of the
article.
AGGLOMERATION VERSUS BEDROCK: A SIMPLE MODEL

Here we demonstrate that if skyscraper construction was based on
a true tradeoff between agglomeration benefits and bedrock costs11
(as implied by the conventional wisdom), then the early New York
City skyline pattern would have developed much differently. Assume
that skyscraper developers maximize profits and that the height
of a building is determined by the rental income and the cost of
construction. All else equal, buildings are taller near the city center
because agglomeration benefits increase rents. Construction costs are a
function of both the height of the building and bedrock costs.
Assume that a building taller than a specified height, denoted h , will
require that the building foundation be anchored to the bedrock. If
the profit maximizing building height at a given location is less than
h , the developer does not pay bedrock costs and thus does not consider
the depth to bedrock. However, if the optimal height of building at a
location, excluding bedrock costs, is greater than h the developer must
consider whether the additional rent from building to a height greater
than h will compensate for the bedrock costs. If bedrock costs cause a
developer to stop building at h , we would see a height plateau over the
area of the city where there are both substantial agglomeration benefits
and large depths to bedrock.
In Figure 2, we compare actual building heights to hypothetical
building heights consistent with tradeoffs implied by the conventional
wisdom. In the figure, we see a sharp and sudden decrease in actual
building height rather than a decrease to a height plateau. The observed
pattern of building heights in the figure suggests that the supplyside effects of bedrock costs did not largely determine the skyline.
Futhermore, in the empirical section below we show that bedrock costs
did not play a strong role in determining the location of city centers
in Manhattan, but rather skyscraper locations were determined by
demand-side factors.

11
We refer to “bedrock costs” as shorthand for the additional costs a builder must pay to
anchor a building to bedrock.
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FIGURE 2
SCATTER PLOT OF BUILDINGS SOUTH OF 14TH STREET VERSUS LATITUDE
Note: The line represents the heights suggested by the model.

EMPIRICAL RESULTS

Data
To test the effect of depth to bedrock on skyscraper construction, we
have collected two new data sets: one on construction costs and one on
the location of skyscrapers. Both of the data sets use depth to bedrock at
various locations in Manhattan as a primary variable of interest. In
the first data set, we collected depth to bedrock for 53 large commercial
buildings built in Manhattan between 1899 and 1915. In the second data
set, we collected depth to bedrock information for all buildings that are
listed as 80 meters or taller and completed between 1890 and 1915. As a
control group in this second data set, we also collected depth to bedrock
information for 99 randomly chosen locations in Manhattan south of
Central Park/59th Street.
Bedrock depth data was obtained from two sources: (1) “Rock Data
Map of Manhattan” created by the Manhattan Borough President’s
Office and provided to us by Dr. K. H. Jacob, Lamont-Doherty Earth
Observatory of Columbia University and (2) “Bedrock and Engineering
Geological Maps of New York County,” created by Charles A.
Baskerville.12 The first map provides depth to bedrock measurements
12

Manhattan Borough President's Office of New York City, “Rock Data”; and Baskerville, “Bedrock.”
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for specific locations based on borings. For many locations in our data
sets, the map provides the depth to bedrock for the lot or block. In the
case of a missing data point at the location, an arithmetic average of the
surrounding data points was used. The second map provides contours of
the bedrock surface in intervals of 20 feet. Again, averages were taken
as necessary. Depth to bedrock in this article is determined by
subtracting the depth to bedrock relative to sea level from the elevation
relative to sea level.13 Note that the correlation coefficient across the
two maps for our sample was 0.94. For the total cost data set, virtually
all building locations had borings on the building lots or blocks.
Therefore, we used map 1 exclusively for these regressions. For the
location regressions, we used averages from maps 1 and 2.14
For the first data set, we obtained total construction costs for 53 large
commercial buildings built in Manhattan between 1899 and 1915 from
the Cost Job Book of the Fuller Construction Company, archived at the
Skyscraper Museum in New York City. From this source, we collected
total cost, building volume and project developer name. The building
addresses were then located via historical articles in the New York Times
or from building permit information from http://www.metrohistory.com.15
Building heights and number of floors for each of these projects were
taken from either http://www.skyscraperpage.com or the Atlas of the City
of New York.16 We control for materials costs by using an index of the real
value of brick costs in New York City from the New York City Annual
Brick Cost Index in Historical Statistics, table Cc264.17 The brick costs
were then divided by the GDP deflator, which comes from Louis Johnston
and Samuel H. Williamson’s calculations.18 Costs were normalized so that
the year 1896 had a value of 1.0.
We developed a second data set to investigate the effect of depth
to bedrock on the placement of skyscrapers. To get information on
skyscrapers, we found all buildings listed as 80 meters or taller and
completed between 1890 and 1915 on http://www.skyscraperpage.com
and/or http://www.emporis.com.19 The search yielded 74 buildings. To
the best of our knowledge these buildings comprise all buildings that
are 80 meters or taller in the city as of 1915. We collected height and
13

Elevation, Longitude, and Latitude for each location in the data set were found using
Zonum Solutions, ZMaps, http://www.zonums.com/gmaps/digipoint.php.
14
Although we do not present the results here, we also ran regressions using only map 1 and
only map 2. The results were nearly identical to those presented here.
15
Office for Metropolitan History, http://www.metrohistory.com
16
Skyscraper Source Media. New York City Building Database, http://www.skyscraperpage.com.
17
Carter et al., Historical Statistics.
18
Johnston and Williamson, “What Was the U.S. GDP?”
19
Skyscraper Source Media. New York City Building Database, http://www.skyscraperpage.com; and
Emporis Corporation. New York City Building Database, http://www.emporis.com.
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location data for each of these 74 skyscrapers. These websites generally
provide the number of floors and height for each skyscraper. The
website http://www.skyscraperpage.com usually provides addresses.
Missing addresses were found via searches on http://www.google.com.
The number of floors was additionally checked against the 1921 edition
of the Atlas of the City. As a control group for our skyscrapers, we
obtained building heights at 99 randomly chosen locations south of
Central Park/59th Street using a standard random number generator.20
Then, for each block chosen, we randomly chose a lot from the block.
We then collected the depth to bedrock data as described above for
each of these 173 locations, which included 74 skyscrapers and 99
random locations.
We also collected several economic and demographic controls
including: manufacturing worker density (by Assembly District
(AD)) from Edward E. Pratt, 1890 demographic characteristics (by
Sanitation District (SD)) and park/cemetery space (by SD).21 The SD
level data came from Vital Statistics of New York.22 We hypothesize that
white collar firms would have an incentive to avoid locating in districts
with large recent immigrant populations, as well as dense manufacturing
districts. Park space would have been important for skyscrapers for two
reasons: presumably more park space was associated with higher income
neighborhoods, and access to sunlight was very important for the first
generation of skyscrapers, so that park or cemetery space near a building
would ensure greater light availability.23
Being close to public transportation, especially rapid transit, was likely
to benefit firms. We counted the number of elevated railway stops within
a half-mile radius from each location in our data set from the 1890
Elevated Railway Map of New York.24 We also calculated the distance in
kilometers to the intersection Wall Street and Broadway in the heart of
New York City’s financial district.This variable can be considered a
proxy for agglomeration benefits.

20

Each block in Manhattan has a real estate tax identification number. South of 59th Street
the numbers range from 1 to about 1372. We randomly chose blocks based their ID numbers.
21
Pratt, Industrial Causes, table 15.
22
Each ward in Manhattan contained one or more SDs (see Table 3 for their average areas).
23
Willis, Form Follows Finance.
24
Note that the New York City subway first opened in 1904. The first line ran from City Hall,
up the east side of Manhattan to Grand Central Station, then west along 42nd Street to Times
Square, then north along Broadway. Its initial route therefore tended to reinforce or invigorate
the commercial centers that were already starting to form along 42nd Street. See Landers,
Transit Maps, map 4.
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Lastly, we collected land value data from “Tentative Land Value Maps
of the City of New York for 1909.”25 In this source, land values are given
per linear foot of street frontage. For each location in our sample, we
take average land values of the block on which each observation resides.
As land values increase, we expect taller buildings since real estate
developers have an incentive to construct a taller building on less land
instead of a shorter building on more land. Note that there is likely to
be an endogenous relationship between land values and the presence of
skyscrapers, because the land value data is from 1909. Ideally, we
would like to have land values for a period prior to initial skyscraper
construction, such as 1890, but these data are not available. We have
decided to use land values as an independent variable in one of the
specifications for the following reason: The emergence of separate
business districts began in the second half of the nineteenth century, with
the construction of the elevated railroads and the northward movement of
the population. As such, the land values in 1909 most likely reflect land
value patterns that were in place before the development of skyscrapers.
In addition, however, we are less concerned about the estimated
coefficient for the land value variable, but rather we are interested in
including it as a possible control variable, to see how its inclusion affects
the estimate of the depth to bedrock variable. As will be discussed in
more detail below, its inclusion provides evidence that, holding land
values constant, depth to bedrock did have some influence on the
placement of skyscrapers. For example, within lower Manhattan, builders
were sensitive to the expense of anchoring the building to the bedrock.
However, the effect of bedrock is small when compared to the effects for
other variables.
DEPTH TO BEDROCK AND CONSTRUCTION COSTS

Table 1 provides the descriptive statistics of the variables contained in
the construction cost data set described above. Table 2 presents the results
of regressions of the log of total costs on several important variables.
Equation 1 in Table 2 includes the depth to bedrock, the building height,
the building volume, an index of brick costs in New York City, and an
interaction term between the building height and the depth to bedrock.
Because bedrock should have the most important effect for a tall building,
equation 2 in Table 2 includes an interaction term between the building
height, the depth to bedrock, and a dummy variable that takes on the
value of one if the building is a skyscraper (18 floors or greater), and

25

Dept. of Taxes and Assessments, New York City.
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TABLE 1
DESCRIPTIVE STATISTICS FOR FIFTY-THREE BUILDINGS CONSTRUCTED IN
MANHATTAN FROM 18991915
Variable
Building height (stories)
Bedrock depth (meters)
Total construction costs ($000)
Building volume (000 cubic feet)
Real NYC brick costs (1896 = 1.0)
Skyscraper dummy variable
Downtown dummy variable

Mean

Std. Dev.

Min.

Max.

15.43
14.56
1,282.8
3,151.0
1.012
0.434
0.679

6.04
9.61
1,456.5
3,202.8
0.180

3.00
0.276
117.3
292.5
0.79

32.00
51.7
7,568.8
18,200.0
1.40

Note: Note that Brick Costs Statistics are Based on Annual Time Series Data.

zero otherwise.26 We interact the depth to bedrock with a skyscraper
dummy variable (but not height) in equation 3. In equation 4, we interact
the bedrock variable with a downtown dummy variable (south of 14th
Street) because downtown the subsoil is often wet and comprised of
quicksand.
All four specifications give very similar results. We see that the
coefficients of the bedrock variables are all significantly different from
zero in all specifications. However, we see that deep bedrock, on its own,
actually lowers the cost of construction. Presumably this is because
having bedrock too near the surface is a hinderance to clear space for a
foundation, and the bedrock may need to be blasted away. When building
a skyscraper of sufficient height, deep bedrock increased costs as
expected. In equation 1, the sum of depth to bedrock and the interaction
of depth to bedrock and height yields an increase in construction costs
due to bedrock if the building is greater than about 21 stories. If
we consider estimation 2, with the height-skyscraper interaction, for a
building of approximately 20 stories or taller, bedrock becomes a net
cost. As an extreme example, the tallest building in our cost data set with
32 stories is associated with a net coefficient of 0.0071. This would
equate to an increase in total construction cost of about $9,000 for each
additional meter of depth to bedrock. If we consider a one-standarddeviation change in depth to bedrock from the average of 9.61 meters, we
get slightly more than a $90,000 (7 percent) increase in total building
costs for this skyscraper.27

26
An eighteen floor cutoff was chosen because that height is approximately 80 meters. The
results are not sensitive to small changes in the cutoff.
27
Our findings concord well with Kidder (Building Construction), who reported that in
regard to the Manhattan Life Insurance Building (1893), the world’s tallest building at the time,
the cost of sinking caissons to the bedrock was “only 8 or 9 percent of the estimated cost of the
building” (p. 75).
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TABLE 2
DEPENDENT VARIABLE: LN(TOTAL COST)
(1)

Bedrock Depth
Bedrock u Downtown
Height
BR Depth u Height
BR Depth u Skyscraper
BR Depth u Height u Skyscraper
ln(Building Volume)
Brick Costst2
Constant
R2

0.0125
(2.32)*

0.0278
(2.91)**
0.0010
(1.31)

(2)
0.0121
(3.67)**

0.0257
(3.40)**

0.0006
(2.33)*
0.8597
0.8579
(17.86)** (18.36)**
0.9841
0.9837
(3.57)** (3.62)**
0.3282
0.2734
(0.39)
(0.39)
0.925
0.928
0.9166
0.9206

(3)

(4)

0.0124
(3.59)**

0.0282
(4.23)**

0.0117
(3.61)**
0.0300
(4.63)**

0.0124
(2.53)*

0.0130
(2.62)*

0.8564
0.8380
(18.4)** (17.15)**
1.0051
1.077
(3.87)** (4.09)**
0.3015 0.1786
(0.44)
(0.26)
0.928
0.931
0.9212
0.9231

R2
*Statistically significant at 95 percent level
**Statistically significant at 99 percent level.
Notes: There are 53 observations. Robust t-statistics are below the coefficients.

Comparing these additional costs relative to the costs of land show
bedrock costs to be quite small. Specifically, average land values per foot
of street frontage were $7,223 south of City Hall, $927 between City Hall
and 14th Street, and $2,354 north of 14th Street. The average plot size for
a skyscraper in our data set is just over 25,000 square feet (about 160 feet
squared). If we assume 160 feet of frontage for a skyscraper and multiply
this by the land values per foot, we get the following land value estimates
for a skyscraper lot in each area of interest: $1,155,000 south of City
Hall, $148,300 between City Hall and 14th Street, and $376,000 north of
14th Street.
Next, consider the average depth to bedrock in each of these three
regions: 22 meters south of City Hall, 26 meters between City Hall
and 14th Street, and 7 meters north of 14th Street. If one additional meter
of bedrock increased costs by about $9,000 (as reported above), then
constructing a skyscraper on the average lot in the bedrock valley was
only $36,000 more expensive (since the bedrock is four meters deeper on
average) compared to south of City Hall. But the lot in the bedrock valley
is less expensive by more than $1,000,000 compared to a similar lot
south of City Hall. A developer would have saved substantial sums of
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TABLE 3
DESCRIPTIVE STATISTICS
Variable

Mean

Skyscraper dummy variable, 18901915
Building height (stories), 18901915
Avg. bedrock depth (meters)
SD Area (hectares)
SD Pop. Density excluding parks/cemetaries
SD Park and cemetary space (hectares)
SD % Pop. white with both parents native
SD % Population foreign
SD % Population black
AD Area (hectares)
AD Factory worker density (per hectare), 1906
Avg. Land values ($ per foot of frontage ), 1909
# El Stops within .5 mile radius

Std. Dev.

0.43
15.03
10.5
17.07
12.0
32.2
8.80
394.1
332.2
0.898
2.16
21.8
13.3
43.1
8.12
2.66
3.16
148.9
78.0
205.4
185.1
3,122
3,879
6.53
3.05

Min.

Max.

2
55
1.19
47.01
10.5
47.3
30.2
1386.3
0.00
9.7
3.36
50.63
22.0
63.8
0.026 18.4
39.7
466.6
3.68 751.9
285
6,900
0
13

Note: SD, AD means are weighted based on number of buildings in these areas. There are 173
observations. All data are from 1890, except where otherwise noted.

money by buying a lot in the bedrock valley at a much lower price and
paying the additional costs of digging to the bedrock. In addition,
building a skyscraper north of 14th Street would have saved 19 meters
of digging to bedrock compared to the bedrock valley for a savings of
19u $9,000 = $171,000 . Again, the savings in terms of bedrock costs are
smaller than the difference in the value of land between the two areas.
The fact that developers were willing to build on these other lots at
greater net costs suggests that other explanations are more plausible for
the lack of skyscrapers in the bedrock valley, namely, agglomeration
externalities, and other economic and demographic factors, which we
explore next.
DEPTH TO BEDROCK AND SKYSCRAPER LOCATION

Because we are interested in whether the bedrock or other
variables influenced the spatial distribution of tall buildings, we
perform a probit analysis, which estimates the probability of a
skyscraper (versus nonskyscraper) being built at a particular location
as a function of the variables described above.28 Table 3 shows the
descriptive statistics of these variables, and Table 4 shows the results
from various probit specifications.

28

We also ran linear regressions using building height; they produce similar results. We
prefer the probit regressions because we are interested in the likelihood of observing a tall
building, without regard to how tall the building may be.
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TABLE 4
PROBIT REGRESSION
Variable

(1)

BR Depth

0.005
(2.53)*

BR Depth

u (< Sea Level)

BR Depth

u (> Sea Level)

(2)

0.0004
(0.342)
0.0004
(0.16)
0.035
(2.87)**

Pop. Density per SD

% SD Residents white native

(3)

(4)

1.3e  07 0.0007
(0.03)
(1.97)*

0.0016
(3.93)**

% SD Residents foreign
AD Worker Density, 1905
# El Stops
Park and cemetery space
Distance to Wall St. and Broadway

(6)

0.0002
(0.56)
0.003
(2.11)*
0.00005 1.2e – 06 0.00001 0.00005
(2.17)*
(3.36)** (0.82)
(2.08)*

% SD Residents black

0.0001
(4.14)**
0.005
(3.54)**
0.004
(3.68)**
0.011
(3.02)**

0.0006
(1.35)

0.025
0.071
0.593
78.5
74.8
32.8

0.001
(3.31)**

0.00004
(2.96)**
0.00002
(2.26)*
2.8e – 06
(3.59)**
0.003
(2.85)**
0.00008
(4.72)**
0.0001
(2.47)*

ln(Land Values), 1909
Pseudo-R2
Pseudo-Log likelihood

(5)

0.612
31.2

0.00008 0.0001
(2.47)*
(3.26)**
0.001
0.004
(2.94)** (2.67)**
0.004
0.003
(2.51)*
(3.30)**
0.007
0.012
(2.39)*
(3.76)**
0.025
(4.15)**
0.744
0.619
20.7
30.7

*Significant at the 95 percent level;
**Signficant at the 99 percent level.
Notes: Dependent Variable: skyscraper = 1; no skyscraper = 0. Marginal effects are reported; zstatistics below marginal effects. We ran the regressions with weights that were the inverse of
the building height, to account for the oversampling of skyscrapers in the data set.

Generally, as can be seen from Table 4, the coefficients have the
expected signs. The likelihood of a skyscraper being built decreases
with the depth to bedrock at the location (though is not significantly
different from 0), the distance to the city center of Wall Street and
Broadway, and in the density of manufacturing workers in the area.
The probability of a skyscraper increases with more access to transit
stops, higher land values, increases in the percent native whites in the
neighborhood, and with more park space in the neighborhood.
In addition, to parse out possible bedrock effects, in Table 4,
equations 2 and 6, show the results of regressions where the bedrock
variable is split into two variables: the depth to bedrock interacted with
a dummy variable if the bedrock is below sea level and the depth to
bedrock interacted with a dummy variable if the bedrock is above sea
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level. Presumably, if the bedrock is below sea level, digging down to it
would be more difficult because it would be more likely to contain wet
soil or quicksand. From these regressions, however, there is no effect
from the bedrock that is below sea level, while we see a positive effect
from the depth to bedrock above sea level indicating that deep bedrock is
conducive to building a skyscraper. The reason for this is most likely due
to the fact that the bedrock above sea level is also very close to the
surface, and thus the more likely it has to be removed via blasting. This
result also concords with our total cost regressions which show a negative
cost effect for bedrock when a nonskyscraper is being built.
As discussed above, land prices are most likely endogenous,
but we include them in one specification, equation 5, to investigate
their effects. Because of the possible endogeneity, those results must
be interpreted with caution. As we can see, and as would be expected,
land prices are perhaps the most important factor in the location of
skyscrapers. However, more importantly when we include land values
in the equation, we see that the coefficient for the bedrock variable
becomes statistically significant. This suggests that within regions of
the city, controlling for land values, builders did have some sensitivity
to the additional costs associated with depth to bedrock. We provide
further evidence of this, with our counterfactual exercises provided below
(and which do not include land values).29
LOCAL BEDROCK EFFECTS

To isolate the effect of bedrock on skyscraper location, we examine
the predicted skyline if bedrock is held constant across the city. To do
so, we removed the bedrock variable from the regression and then reran
the regression to get predicted values from equation 3 in Table 4. The
results of this exercise, in Figure 3, show that even with constant bedrock
throughout the city, there still would be an absence of skyscrapers in the
middle latitudes of the city.
The change in probability between the estimated model and
the depth to bedrock held constant model in Figure 4 is defined as
pˆ regression without bedrock  pˆ regression with bedrock . The first
thing to notice is that the change in probabilities is generally very small.

29

Also there may be some concern that our measure of factory workers in each assembly district
is endogenous for some years. However, these districts were established before 1890, and therefore
land use in 1905 is strongly correlated with past decisions about land use. Thus the presence of
factory workers is likely to be exogenous to the presence of skyscrapers constructed shortly after
1890.
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FIGURE 3
PREDICTED PROBABILITY OF A SKYSCRAPER VERSUS LATITUDE, HOLDING
BEDROCK DEPTHS CONSTANT
Notes: Predicted values from come from regression 3, Table 4, but with the depth to bedrock
variable removed.

FIGURE 4
DIFFERENCE BETWEEN PREDICTED VALUES WITH BEDROCK DEPTH VARIATION AND
PREDICTED VALUES WITH CONSTANT BEDROCK DEPTH (Ƹேோ െ Ƹோ ሻVERSUS
LATITUDE
Notes: Predicted values come from two versions of regression 3, Table 4. One regression includes
depth to bedrock and the other one excludes it.
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The largest change is 11.8 percent in absolute value. Had bedrock been a
strong determinant of the location of skyscrapers, we would expect to see
much larger changes in the predicted probabilities north of City Hall and
below 14th Street.
There is some evidence that builders were sensitive to a limited
degree to the depth to bedrock within the lower part of Manhattan. The
positive probabilities in the northern part of lower Manhattan indicate
that if bedrock depths were not an issue, we would have likely seen
more skyscrapers in the area around City Hall and fewer in the area
around Wall Street, which is just under a half mile away. This suggests
that depth to bedrock may have influenced the placement of skyscrapers
within the downtown business district.
CONCLUSION

In the urban and economic geography literatures, economists have
debated the relative importance of natural advantages versus knowledge
spillovers and economies of scale. In New York, the conventional
wisdom is that the depth to bedrock provided a natural disadvantage,
pushing economic activity away from locations where the bedrock was
the deepest below the surface. The evidence we provide suggests that the
natural disadvantages of locations within Manhattan played a relatively
minor role in the spatial location of skyscrapers. The costs of anchoring
skyscrapers to the bedrock were modest relative to overall construction
costs (up to 7 percent, on average) and were far smaller than land
acquisition costs. The location decisions of skyscraper developers were
not strongly affected by the depth to bedrock. Rather economic
and demographic factors, such as access to public transportation and
population densities, far outweighed the effect of depth to bedrock on
the location of skyscrapers. We do find evidence, however, that within
the lower Manhattan business district, builders were sensitive to the
costs. Overall, our work suggests that the historiography about New York
City’s skyline formation overstates the importance of bedrock and needs
to be revised. In the larger literature on location, it provides an example
where geological obstacles were not an important determinant of land use
patterns.

1076

Barr, Tassier, and Trendafilov
REFERENCES

Atlas of the City of New York, Borough of Manhattan. Philadelphia: G.W. Bromley &
Co., 1921.
Baskerville, Charles A. “Bedrock and Engineering Geologic Maps of New York County
and Parts of Kings and Queens Counties, New York, and Parts of Bergen and
Hudson Counties, New Jersey.” United States Geological Survey, 1994.
Carter, Susan B. et al., eds. Historical Statistics of the United States: Millennial
Edition Online. New York: Cambridge University Press, 2006.
Davis, Donald R., and David E. Weinstein. “Bones, Bombs, and Break Points: the
Geography of Economic Activity.” American Economic Review 92, no. 5 (2002):
126989.
Department of Taxes and Assessments, New York City. “Tentative Land Value Maps
of the City of New York for 1909.” New York, 1908.
Ellison, Glenn, and Edward L. Glaeser. “The Geographic Concentration of Industry:
Does Natural Advantage Explain Agglomeration.” American Economic Review,
Papers and Proceedings 80, no. 2 (1999): 31116.
Emporis Corporation. New York City Building Database, http://www.emporis.com/city/101028.
Accessed June 2008.
Glaeser, Edward L., Hedi D. Kallal, Jose A. Scheinkman, and Andrei Shleifer.
“Growth in Cities.” Journal of Political Economy 100, no. 6 (1992): 112652.
Johnston, Louis, and Samuel H. Williamson “What Was the U.S. GDP Then?”
MeasuringWorth, http://www.measuringworth.org/usgdp/. Accessed January
2009.
Kidder, Frank E. Building Construction and Superintendence, Part I. New York: The
William T. Comstock Company, 1909.
Kim, Sukkoo. “Regions, Resources, and Economic Geography: Sources of U.S. Regional
Comparative Advantage, 18801987.” Regional Science and Urban Economics 29
(1998): 132.
Krugman, Paul. Geography and Trade. Cambridge, MA: The MIT Press, 1991.
Landau, Sara B., and Carl W. Condit. Rise of the New York Skyscraper: 18651913.
New Haven, CT: Yale University Press, 1996.
Landers, John J. Twelve Historical New York City Street and Transit Maps (Volume II:
from 18471939). New York: H&M Publications, 2000.
Manhattan Borough President’s Office. “Rock Data Map of Manhattan.” New York,
circa 1940.
New York Times, various issues.
Office for Metropolitan History. The Building Permits Database, 19001986, New
York, NY, http://metrohistory.com/searchfront.htm. Accessed January 2009.
Pratt, Edward E. Industrial Causes of Congestion of Population in New York City.
New York: Columbia University Press, 1911.
Real Estate Record and Builders’ Guide, May 4, 1912.
Sandburg, Carl. “Skyscraper.” Chicago Poems. New York: Henry Holt and Company,
1916.
Schuberth, Christopher J. The Geology of New York City and Environs. Garden City,
NY: The Natural History Press, 1968.
Skyscraper Source Media. New York City Building Database, http://skyscraperpage.com/cities/?cityID=8.
Accessed June 2008.
Tamaro, George J., James L. Kaufman, and Abu A. Azmi. “Design and Construction
Constraints Imposed by Unique Geologic Conditions in New York City.”
Unpublished Manuscript, 2000.

Formation of the Manhattan Skyline

1077

United States Census Bureau. Vital Statistics of New York and Brooklyn Covering a
Period of Six Year Ending May 31, 1890. Washington, DC: GPO, 1894.
Willis, Carol. Form Follows Finance: Skyscrapers and Skylines in New York and
Chicago. New York: Princeton Architectural Press, 1995.
Zonum Solutions. ZMaps: DigiPoint 3, http://www.zonums.com/gmaps/digipoint.php.
Accessed June 2008.

