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Abstract

The pre-modern construction sector was a cornerstone of economic activity and a source

of disruptive innovation, with far-reaching implications for welfare and regional develop-

ment. Yet, the link between construction sector productivity and regional development

remains understudied. This paper investigates a transformative construction technology

shock – the introduction of brick technology to regions north of the Alps – and its effects

on medieval urban development. Brick technology, characterized by high economies of

scale, enabled cities with suitable natural resources to expand their construction possibili-

ties. Using a novel dataset on brick adoption in medieval German cities and leveraging

exogenous variation in city-level brick suitability, I show that cities adopting brick tech-

nology underwent a significant transformation. They developed more robust and resilient

urban infrastructure that ultimately supported larger urban populations. I also find that

brick adoption enhanced cities’ resilience to plague-induced demographic shocks. These

findings highlight the economic importance of innovation in construction for long-run

development.
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1 Introduction

Throughout history, great civilizations have allocated enormous resources to architec-

ture. From the pyramids of Giza and the amphitheaters of Imperial Rome to the early

skyscrapers of Manhattan, these projects have driven advancements in engineering, urban

planning, and the organization of labor. Even today, with the construction sector con-

tributing approximately 4.5% of economic output in the United States and 7% in China,

its role in modern economies remains substantial.

The economic importance of the construction sector was particularly evident in the cities

of medieval Europe, which experienced an unprecedented boom in building activity. The

building of cathedrals, town halls, and fortifications served as “the centre of the earliest,

and almost the only, medieval industry” (Le Goff, 1988, p. 56), fostering an environment

for disruptive innovation. Cities leveraged new construction technologies to strengthen

their defenses, expand public goods provision, and accommodate rapidly growing pop-

ulations. In doing so, these technologies fueled a “golden age of urban growth”, with

far-reaching consequences for Europe’s economic and institutional development. Remark-

ably, economic historians have paid little attention to technological change within the

construction sector. As a result, the field has underappreciated the sector’s role in laying

the structural foundations for modern economic development.

In this paper, I explore a technology shock that significantly expanded the construction

possibility frontier of certain European regions: The re-introduction of brick technology

to the regions north of the Alps around 1150. Prior to this technology shock, natural

stone was the sole option for constructing large, solid, weather-resistant structures in this

area. Regions without access to natural stone typically relied on wood and fieldstone –

materials widely regarded as inferior for durable and complex construction.1 From the

mid-12th century onwards, regions lacking natural stone but endowed with the resources

necessary for brick production – namely soils containing both clay and sand – could

embark on large-scale construction projects by harnessing these resources to create bricks.

By 1550, the cityscape of many Northern European cities had become almost entirely red

due to the distinctive color of bricks. Notably, the tallest building in the world at the time

was also a brick structure: the Marienkirche in Stralsund, which, at 151 meters, held this

record for several centuries.2

Bricks surpassed not only wood and fieldstone but also natural stone. They offered ad-

vantages such as increased durability, modularization of the construction process through

standardized formats, and the ability to be produced by unskilled laborers. Once the

necessary infrastructure for brick production was established, construction material could

be produced on site at low cost, even for enormous construction volumes. Consequently,

brick technology represents a construction method with high economies of scale, whose

1Wooden structures in the humid climate of Northern Europe are notably short-lived, requiring replacement
every few decades. In contrast, fieldstones are weather-resistant but cannot be shaped or carved, limiting their
use in the construction of more sophisticated structures.

2This height record was not surpassed until 1880, with the completion of Cologne Cathedral (Zaske, 1964).
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virtues are particularly evident in the context of large-scale construction projects. Today,

the rising demand for sustainable housing in developing countries has brought renewed

focus to bricks, valued for their environmental benefits, affordability, and suitability

for fast-growing urban areas, as well as their role as a savings vehicle in regions with

underdeveloped financial markets (Banerjee and Duflo, 2011).

Leveraging these advantages, many medieval German cities that adopted brick tech-

nology experienced a marked transformation in their built environment. Using newly

collected data on brick adoption in medieval German cities, I demonstrate that cities

embracing this novel technology experienced a construction boom following adoption,

in terms of both extensive and intensive margins. Brick adoption led to a sharp increase

in levels of religious and secular construction, initiating a significant transition towards

more robust and resilient urban infrastructure. By enhancing medieval cities’ capacity to

provide essential urban functions, the adoption of brick technology ultimately enabled

cities to sustain higher populations.

Brick construction had not been continuously present in northern Europe. The technology

dates back to ancient Mesopotamia and reached a first major peak during the Roman

imperial era. Although Roman builders brought it to the provinces north of the Alps, the

knowledge gradually faded after the Empire’s collapse. In Italy, however, the tradition

survived. It was only in the second half of the 12th century that brick-building techniques

resurfaced north of the Alps. This revival followed Emperor Frederick Barbarossa’s Italian

campaigns, during which German forces encountered brick construction in northern Italy,

prompting their transmission to the German lands (Kluckhohn and Paatz, 1955).

To examine how brick technology affected both religious and secular construction activity,

I rely on two complementary data sources. The first is a dataset compiled by Buringh

et al. (2020), which provides detailed information on church construction across medieval

cities. It captures, for each city and century, the surface area, height, and volume of

newly built churches, as well as additional construction resulting from the expansion or

reconstruction of existing churches. Church construction offers a particularly rich and

quantifiable window into medieval building activity: construction histories are unusually

well documented; churches often served as experimental sites for technological and stylis-

tic innovation (Prak, 2011); and many assumed important civic and political functions.3

To capture construction beyond the religious sphere, I complement this with a novel

dataset of approximately 4,000 major building events in 168 medieval German cities,

including detailed information on the date and material used. This allows me to examine

how brick adoption affected the development of essential urban infrastructure – such as

town halls, hospitals, market halls, bridges, and mills – structures that were integral to

the economic and administrative life of medieval cities.

Using a difference-in-differences (DiD) framework I find strong evidence that cities adopt-

ing the novel and superior brick technology in the Middle Ages experienced a significantly

3Examples include Frankfurt’s St. Bartholomew, which hosted imperial coronations; Lübeck’s Marienkirche,
where the city treasury was kept; and Stralsund’s Nikolaikirche, which served as the venue for the Treaty of
Stralsund (1370) between the Hanseatic League and Denmark.
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higher level of construction activity following the adoption. However, there are concerns

that these baseline estimates of the effect of city-level brick adoption on construction

activity may be biased. For instance, if cities already on a favorable growth trajectory were

more likely to adopt the new high-economies-of-scale construction technology, selective

adoption could bias the results. To address these concerns, I leverage geographical varia-

tion in natural endowments. Certain cities had inherent advantages in stone construction,

owing to their proximity to natural stone deposits, while others had access to clay and

sand in their local soil, crucial for brick production. Utilizing geological maps, I create

city-level indicators of natural stone availability and brick suitability. These indicators

provide a basis for leveraging plausibly exogenous variation in city-level brick suitability

to instrument brick adoption. In addition, they serve to illustrate how the introduction of

brick technology reshaped the geographic center of city development, shifting focus from

regions rich in natural stone to those conducive to brick production.

First-stage results indicate that brick suitability strongly predicts actual adoption. Reduced-

form estimates show that brick suitability became a statistically significant driver of

religious and secular construction, as well as urban population growth, only after the

reintroduction of brick technology in the 12th century. Event study evidence supports

this pattern: prior to the 12th century, brick-suitable soils had no measurable effect on

construction activity, but became a key determinant in the centuries that followed. Second-

stage estimates corroborate the earlier OLS findings: cities that adopted brick technology

witnessed a 2,000 sqm increase in church construction compared to non-adopting cities.

Considering that nearly all cities in the sample had fewer than 10,000 inhabitants by 1500,

the observed effect is substantial. The increase in church construction is evident both in

aggregate and per-capita terms, highlighting the high economies of scale inherent in brick

technology.

Additionally, brick adoption significantly boosted the number of major non-ecclesiastical

construction projects within a city. The findings point to a notable increase in the con-

struction of community-oriented structures (e.g., hospitals, almshouses, schools), admin-

istrative buildings (e.g., town halls, courts), economic facilities (e.g., market halls, mills),

and critical infrastructure (e.g., bridges). Finally, cities adopting brick technology experi-

enced a significant rise in population levels following adoption, indicating that increased

productivity in the construction sector fostered growth at the city level. These results are

robust toward including a rich set of geographical and institutional controls, addressing

spatial autocorrelation through various methods, and focusing solely on within-region

variation.

To explore potential mechanisms behind the observed effects, I examine city-level plague

outbreaks as a source of exogenous variation in the construction workforce. The plague

epidemics of the 14th and 15th centuries led to significant labor shortages. This demo-

graphic shock had a differential impact on cities that adopted brick technology: While

cities reliant on natural stone, the processing of which required skilled stonemasons,

faced a persistent shock to the construction workforce, brick production – requiring no
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specialized skills – facilitated a quicker replacement of workers by integrating unskilled

rural migrants into the urban construction labor force. The results suggest that cities that

adopted brick technology were able to maintain high levels of construction and experience

population growth, even when hit by plague-induced demographic shocks.

The paper contributes to three strands of literature. While innovation in the pre-modern

construction sector has largely been overlooked in economics, this study engages with

a growing body of economic history research that aims to quantify the impact of pre-

industrial technologies on economic development. Although these innovations did not

result in sustained aggregate economic growth or allow medieval Europe to escape the

Malthusian trap (Mokyr, 2005), they nonetheless played a pivotal role in the regional

transformation of Europe. For instance, Dittmar (2011) examines how the introduction of

the printing press in the mid-1400s accelerated city growth in German cities that adopted

the technology. Nunn and Qian (2011) analyze the relationship between the introduction

of the potato to Europe and the subsequent rise in urbanization rates and urban popula-

tion levels. Andersen et al. (2016) argue that the introduction of the heavy plow around

1000 AD explains subsequent urbanization patterns in medieval Denmark. Cantoni and

Yuchtman (2014) investigate the role of medieval universities in transmitting knowledge

of rediscovered Roman law, fostering economic activity, and facilitating a “commercial

revolution” in the late Middle Ages.

Second, the paper complements early (qualitative) studies in the history of the con-

struction sector. It is estimated that around the year 1800, approximately 10% of the

manufacturing workforce was employed in construction (Henning, 1985, p. 265). This

share was likely signi�cantly higher during the Middle Ages, especially in urban centers,

underscoring the importance of the construction sector for the pre-industrial economy. In

response to Werner Sombart's call4 to study the economic history of the building sector,

several studies have emerged focusing on the construction of Gothic cathedrals, primarily

in France and England (Johnson, 1967; Kraus, 1979; Jones, 1987; Lee, 1989). More recently,

Stephenson (2019, 2020) and Paker et al. (2023) have examined the labor market in the

context of major pre-industrial construction projects through case studies, offering insights

into the organization of labor during that period. Several other studies have used data on

construction activity to explore shifts in the social and political landscape of medieval and

early modern Europe (Belloc et al., 2016; Cantoni et al., 2018; Dittmar and Meisenzahl,

2020; Buringh et al., 2020; Bosshart and Dittmar, 2021; Rusonik, 2025). However, while

these contributions provide valuable insights into the role of the construction sector in

economic history, they largely overlook technological advancements within the industry

itself.

Finally, the paper builds on a growing body of research examining the time-varying

in�uence of geographic fundamentals on historical urban development. Bosker et al.

(2013) examine a wide range of geographic factors and their in�uence on city growth

over the course of a millennium, while others focus on speci�c geographic features that

4See, for example, Sombart (1921), II, p. 772-773.
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became relevant during particular time periods (Acemoglu et al., 2005; Nunn and Qian,

2011; Fernihough and O'Rourke, 2021).

The paper is structured as follows: Section 2 discusses the advantages of brick technology,

traces its historical diffusion, and presents anecdotal evidence of its transformative impact

in selected German regions. Section 3 outlines data and identi�cation strategy. Section 4

presents the main empirical �ndings alongside several robustness checks. Section 5 ex-

plores how brick technology provided advantages in the context of skilled labor shortages.

Finally, Section 6 concludes with a discussion of the results and their broader implications.

2 Characteristics and Evolution of Brick Technology

2.1 Advantages of Brick Construction

In multiple respects, brick technology can be considered a revolutionary advancement in

the construction sector. Roman architect Vitruvius, in his seminal treatise De architectura,

noted that bricks offered distinct advantages as a building material, including greater

durability and resistance to weathering, as carefully �red bricks are less porous than most

natural stones.5 Second, brick technology enabled the production of standardized for-

mats. Clay-sand mixtures were pressed into wooden molds, dried, and then �red at high

temperatures to ensure consistent quality. This process produced uniform brick units and

allowed for specialized decorative elements (so-called molded bricks). Standardization

made construction more predictable and ef�cient by introducing a pre-fabrication element

to building work (Schumann, 2003, p. 11). As illustrated in Figure 1, by the mid-15th

century brick production was already being carried out in a quasi-industrial manner, with

clearly delineated production steps. Third, bricks are incombustible, offering far greater

�re resistance than timber or thatch. In pre-modern cities, where devastating �res were

common, many councils banned �ammable materials like straw thatch and mandated

the use of bricks and roof tiles in new buildings as a protective measure (Binding, 1993, p.

96). Lastly, brick technology can be described as a pre-industrial high-economies-of-scale

technology. Establishing the required infrastructure, especially �ring kilns, was capital-

intensive, leading to high �xed costs. However, variable costs were low: brick production

relied on unskilled labor, bypassing craft guild regulations, and raw materials were inex-

pensive. These cost advantages became particularly evident in projects involving large

construction volumes.

While many modern construction materials, such as cast stone, reinforced concrete, and

glass-steel structures, offer alternatives to bricks, the advantages of bricks are increasingly

emphasized – particularly in terms of environmental considerations. Extracting clay and

sand for brick production imposes minimal environmental strain. Additionally, bricks

provide superior thermal insulation compared to natural stone, enhancing energy ef�-

ciency in buildings, and their production generates substantially lower CO 2 emissions

5See, for example: Vitruvius Pollio: De architectura, Book II, Chapter 3.
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Figure 1: Production of bricks (Dutch Bible, ca. 1450, London, British Museum)

This �gure illustrates the production of bricks as depicted in a mid-15th-century Dutch Bible. The
sequence of activities – from shaping and drying the clay to �ring – highlights the standardized
and quasi-industrial character of medieval brickmaking.

than concrete (Windsperger and Windsperger, 2015). These features make bricks particu-

larly relevant for rapidly urbanizing developing countries, where the demand for rapid,

affordable, and sustainable housing solutions is pressing.

2.2 The Origins

Brick technology is believed to have originated in ancient Mesopotamia, with some of

the earliest known examples of �red bricks dating back to around 3500 BC in the re-

gion (Hnaihen, 2020, p. 90). The use of bricks as a building material became increasingly

widespread throughout the Middle East in the following centuries, facilitated by the devel-

opment of kiln technology that enabled the mass production of bricks for construction. In

Mesopotamia, the word for `brick,' `sig,' was synonymous with terms for `building,' `city,'

and even the god of construction. This association highlights the symbolic and practical

signi�cance of bricks in the region's architectural and urban development (Campbell and

Pryce, 2016). Over time, the use of bricks spread to other regions of the world, including

Europe and Asia.

In Europe, brick technology reached its �rst major peak during the Roman imperial era,

exempli�ed by structures like the Pantheon, the Colosseum, and the Baths of Caracalla.

Through Roman legionnaires, this technology also spread to the Roman provinces north

of the Alps. However, since the knowledge of brick production and processing was not

passed on to local construction crews, brick technology quickly died out in these regions

after the collapse of the Roman Empire (Schumann, 2003, p. 10-11). Nonetheless, brick

technology survived in Italy and underwent a period of revitalization in the 11th century,

with Lombardy emerging as its prime epicenter. Brickyards provided the rapidly growing

cities like Milan, Pavia, and Bergamo with vast quantities of the affordable and durable

construction material. By 1100, brick structures formed a signi�cant portion of the urban

infrastructure in most North Italian cities (Kluckhohn and Paatz, 1955).
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Figure 2: Brick Technology and its Impact on German Cityscape

(a) Near Salzwedel, St. Lorenz (1140s) (b) Salzwedel, St. Marien (1210s)

(c) Berlin, Palisade Wall (reconstr.) (d) Lübeck, Holstentor (1460s)

(e) Würzburg, Cathedral (1040s) (f) Würzburg, St. Marien (1370s)

(g) Köln, Hahnentor (1100s) (h) Köln, Bayenturm (1220s)

This �gure provides suggestive evidence of how the introduction of brick technology transformed
the cityscapes of certain German regions (panels a-d), while others remained entirely unaffected
(panels e-h).
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2.3 Diffusion to Northern Europe

Around the year 1150, knowledge of brick production and use diffused to the regions

north of the Alps. The historical literature 6 has emphasized that the rediscovery of brick

technology in Germany can be traced back to Emperor Frederick Barbarossa's Italian

campaigns (1154-1183). Aimed at consolidating power, these campaigns established a

strong military presence in northern Italy. As a result, thousands of German noblemen

were temporarily stationed in cities such as Milan, Bergamo, Pavia, and Crema. During

their stay, Frederick's entourage ecountered the extensive use and full potential of brick

construction in these areas (Stiehl, 1898). This exposure led to the emergence of foun-

dational brick architecture in Germany, exempli�ed by structures such as the Jerichow

Collegiate Church, the Ratzeburg Cathedral Chapter, the predecessor of the Mariendom

in Lübeck, and the Verden Cathedral.

The technological shock, however, was only manifested in certain regions of Germany.

While northern Germany and the Bavarian Alpine foothills, scarce in natural stone but

rich in clay and sand, became brick clusters within just a few decades, central Germany,

with its natural stone deposits but lacking clay and sand, remained completely unaf-

fected. Panels a) to h) of Figure 2 provide suggestive evidence on how the introduction of

brick technology in the mid-12th century transformed the cityscapes of certain regions of

Germany, while having no impact on others. In regions without natural stone but with

suf�cient clay and sand, simple �eldstone churches (Figure 2a) could now be replaced

by monumental brick cathedrals (Figure 2b), and palisade walls, vulnerable to weather

and �re (Figure 2c), could be replaced with advanced, more durable forti�cation systems

(Figure 2d). In regions with abundant natural stone deposits, however, there was remark-

able persistence in construction techniques and materials. When sandstone was readily

available, it remained the dominant material for prestigious building projects (Figure 2e

and Figure 2f). Similarly, in cities located near tuff and basalt deposits, these materials

had already been used for construction before the 12th century and continued to be used

thereafter (Figure 2g and Figure 2h).

3 Data and Identi�cation

3.1 Data on Brick Adoption

To determine which German cities adopted brick technology in the Middle Ages and the

timing of its adoption, I compile a novel data set of approximately 4,000 major religious

and secular construction events and their respective construction materials across 168

cities in present-day Germany, spanning from 700 to 1500. This dataset is based on the

digitization of the 21 volumes of the “Dehio Handbuch der deutschen Kunstdenkmäler”

(1990-2012), a key reference work in architectural history. The “Dehio” offers detailed

6For a detailed qualitative analysis, see: Kluckhohn and Paatz (1955).
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Figure 3: Example of an Entry in the Dehio Handbuch (Sachsen-Anhalt I)

documentation of architectural monuments in Germany, providing information on archi-

tectural styles, building techniques, and regional variations, and serves as an essential

tool for scholars in the �eld.

Figure 3 depicts a segment of the entry for the Marienkirche in Salzwedel. The entry

indicates that the church was originally constructed as a �eldstone structure in the second

half of the 12th century, later undergoing transformation into a brick basilica in 1210. The

“Dehio” also lists 11 other signi�cant medieval buildings in the town of Salzwedel, which

can be identi�ed as brick structures. However, all of these were constructed after the

transformation of the Marienkirche into a brick basilica. Therefore, I infer that Salzwedel

was a medieval brick city that adopted brick technology in 1210.

Although the “Dehio” was �rst published in 1900 and includes buildings that were later

destroyed during World War II and the post-war period, it does not account for medieval

structures lost in earlier centuries. Given that urban �res were frequent throughout the

Middle Ages and the early modern period, and that wars such as the Thirty Years' War

and the War of the Palatinate Succession devastated entire regions, the “Dehio” fails to

comprehensively capture all signi�cant medieval urban structures. However, construc-

tion projects were well-documented in charters and municipal records. To address this

limitation, I supplement the “Dehio” data with information from historical sources on lost

buildings. Speci�cally, I review the medieval history sections of Wikipedia entries for each

city and incorporate construction projects that did not survive until 1900 and are thus

absent from the “Dehio”. Additionally, I systematically incorporate data from city-speci�c

Wikipedia lists of lost buildings and of�cial registers of architectural monuments to ensure

a comprehensive and structured documentation of medieval construction activity.

Figure 4 illustrates the spatial distribution of German cities that adopted brick technology

during the Middle Ages. Red squares represent cities that adopted brick technology dur-

ing the Middle Ages, whereas circles indicate cities that did not adopt brick technology

during this period. As illustrated by the map, the focal points of brick architecture are

in the North German Plain, east of the River Elbe, along the Lower Rhine, and in the

Bavarian Alpine Foreland. Only a few cities are located outside these brick clusters.
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Figure 4: Distribution of Cities Adopting Brick Technology in the Middle Ages

This map illustrates the spatial distribution of German cities in my sample. Red squares indicate
cities that adopted brick technology during the Middle Ages. The gray shading highlights regions
inherently suitable for brick production.

3.2 Instrumenting for Brick Adoption

As brick technology was a pre-industrial innovation characterized by high economies

of scale, its adoption is likely endogenous. If cities with more favorable characteristics

selectively adopted brick technology, the resulting estimates of its impact would be biased.

To address these concerns, I utilize geographic variation in cities' natural endowments.

Cities in central and southwestern Germany, characterized by a scarcity of clay and sand

deposits but an abundance of natural stone resources, were not well-suited for brick

production. In contrast, in the North, Northeast, and Southeast – where natural stone was

scarce but clay and sand were plentiful – brick technology provided a viable alternative

to inferior materials like wood and �eldstone. This innovation enabled large-scale con-

struction in these regions, substantially lowering costs compared to stone construction

(Binding, 1993, p. 272-275).

Utilizing the soil maps “Gruppen der Bodenausgangsgesteine in Deutschland” (Bunde-

sanstalt für Geowissenschaften und Rohstoffe, 2016) as well as “Karte der Bodenarten

in Oberböden” (Bundesanstalt für Geowissenschaften und Rohstoffe, 2007), provided

by the Federal Institute for Geosciences and Natural Resources, I construct indicators to

gauge city-level brick suitability and stone availability. As medieval bricks were produced

using clay and sand in an approximate ratio of 3:1 (Wolf, 2003, p. 241), I de�ne brick

suitability as the share of land within a 20 km radius of each city where the soil contains
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Table 1: Variable De�nitions and Summary Statistics

Variable Description x s min max

Panel A:

Church construction Newly built church surface area (in sqm) at the city-century-
level. Data source: Buringh et al. (2021)

602.8 1060 0 11531

Secular construction Number of major non-ecclesiastical construction events at the
city-century-level

1.257 2.108 0 19

City population (ihs) Inverse hyperbolic sine transformation of the estimated city
population (in thousands). Data source: Buringh (2021), derived
from Bairoch (1988)

1.262 0.941 0 4.499

Panel B:

Brick Suitability Share of soil suitable for brick production within a 20 km radius
of a given city

0.127 0.216 0 0.841

Stone Availability Presence of natural stone resources within a 20 km radius of
a given city (Federal Institute for Geosciences and Natural Re-
sources 2016)

0.297 0.324 0 0.982

Panel C:

Ruggedness Terrain Ruggedness Index (TRI), calculated as the standard de-
viation of elevation within a 20 km radius of each city

3.668 2.142 0.402 11.67

Log rye yields Natural logarithm of potential rye yields under rain-fed condi-
tions within a 20 km radius of each city, derived from the FAO's
Global Agro-Ecological Zones database

7.422 0.080 7.221 7.549

Elevation Elevation above sea level (in meters) 170.2 150.5 1 678

Navigable river Binary variable indicating whether the city is located adjacent
to a navigable river

0.387 0.488 0 1

Seaside Binary variable indicating seaside cities 0.048 0.214 0 1

Roman road Binary variable indicating whether the city was situated along
the network of ancient Roman roads

0.256 0.438 0 1

Free imperial city Binary variable indicating whether the city held the status of a
Reichsstadt (free imperial city) in the Holy Roman Empire

0.208 0.407 0 1

Hanse league Binary variable indicating whether the city was a member of
the Hanseatic League

0.149 0.357 0 1

Notes: This table presents de�nitions of key variables along with their summary statistics, including mean ( x), standard
deviation ( s), and the minimum ( min ) and maximum ( max ) values. The table is divided into three panels based on the
type of variable. Panel A lists key outcome variables, which vary at the city-century level. The summary statistics provided
for these variables are also based on the city-century level. Panel B contains time-invariant city-level natural endowments
related to construction potential, including my index for brick suitability, which is used to instrument brick adoption. Panel
C presents additional time-invariant geographical and institutional characteristics of cities.

these materials.7 Summary statistics for the brick suitability measure, along with variable

de�nitions and descriptive statistics for all key variables, are provided in Table 1. While

the choice of a 20 km cutoff radius may appear arbitrary, it is motivated by two main

considerations: First, 20 km serves as a reasonable proxy for the rural hinterland of a

medieval city. Second, it represents approximately the distance that could be traversed

within a day. 8

The gray-shaded areas in Figure 4 represent regions that are fundamentally suitable for

brick production, i.e., areas containing the relevant raw materials. Indeed, most brick

7To accurately measure local brick production potential, I require both the upper and lower soil layers to
contain clay and sand.

8Later, I will show that my results do not rely on this de�nition and also hold for alternative cutoff radii.
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cities are located in or near these brick-suitable areas. The map thereby offers visual

support for the �rst-stage relationship.

To validate that the brick suitability index re�ects the potential for brick construction, I

analyze (1) how the share of cities adopting brick technology evolved across different

suitability groups over the Middle Ages and (2) how the share of buildings constructed

with brick developed within these groups over time. Figures 5 and 6 present the respective

results. Cities in groups with higher brick suitability not only adopted brick technol-

ogy earlier and with greater likelihood but also exhibited a higher share of buildings

constructed using brick.

3.3 Additional Relevant City Characteristics

A key concern is that regions suitable for brick production may differ from unsuitable

ones in geographic or institutional characteristics. While two-way �xed effects (TWFE)

account for time-invariant differences, they do not address potential time-varying effects

of these differences on medieval urban development. For instance, areas suitable for brick

production might have differentially bene�ted from medieval agricultural innovations.

To address this, I include the (time-interacted) log of potential rye yields under rain-fed

conditions within a 20 km radius of each city, sourced from the FAO's Global Agro-

Ecological Zones database. Rye cultivation replaced wheat across much of Europe between

the 4th and 8th centuries, making it a key indicator of agricultural production potential

(Squatriti, 2019). Furthermore, brick-suitable regions may have enjoyed better access to

transportation networks, potentially bene�ting more from the expansion of long-distance

trade in the late Middle Ages. To address this, I incorporate (time-interacted) controls

for geographic factors such as coastal proximity, location along navigable rivers, position

west of the Elbe River, elevation, terrain ruggedness, and proximity to the Roman road

network. Political and institutional characteristics, including free imperial city status and

Hanseatic League membership, are also considered. To examine how cities with brick

technology coped with labor shortages caused by plague outbreaks – particularly in the

construction sector – I use data on city-level plague incidences. The outbreak indicator

is based on Büntgen et al. (2012), who digitized and revised the original list compiled

by Biraben (1975). Lastly, I measure city-level stone availability as the share of deposits

of key building materials – sandstone, tuff, magmatite, and limestone – within a 20 km

radius of each city.

3.4 Measuring Urban Development

To evaluate the impact of brick technology on urban development, I use three datasets,

two of which document construction activity in medieval cities. The primary dataset,

compiled by Buringh et al. (2020), serves as the starting point for this analysis, as it

provides a uniquely detailed and quanti�able record of medieval construction activity. It

systematically traces the construction histories of approximately 1,700 major churches
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Figure 5: Share of Cites with Brick Technology by Brick Suitability, 700-1500

This �gure shows the evolution of the share of cities with brick technology across four groups
categorized by brick suitability: cities with zero suitability, low suitability ( 0 < brick suitability �
0:25), medium suitability ( 0:25 < brick suitability � 0:5), and high suitability ( brick suitability >
0:5).

Figure 6: Share of Structures Built Using Brick by Brick Suitability, 700-1500

This �gure shows the evolution of the share of signi�cant structures built using brick across
four groups categorized by brick suitability: cities with zero suitability, low suitability ( 0 <
brick suitability � 0:25), medium suitability ( 0:25 < brick suitability � 0:5), and high suitability
(brick suitability > 0:5).
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across Western Europe between 700 and 1500 CE, including major churches in 173 German

cities.9 Crucially, it captures not only the extensive margin of construction – such as the

founding of new churches – but also the intensive margin, documenting expansions,

reconstructions, and modi�cations in surface area, height, and volume. An illustration of

how construction activity can be quanti�ed using the construction histories of medieval

churches is provided in Figure A.1 in the Appendix, using the Marienkirche in Salzwedel

as an illustrative example. The aggregate evolution of newly built church surface areas

and volumes between 700 and 1500 is presented in Figure A.2 in the appendix.

While church construction does not capture the entirety of urban construction activity,

it serves as a reliable proxy for overall construction possibilities at the city level. Given

that churches were typically not only the largest in terms of area but also the tallest,

most ambitious, and most cost-intensive structures in medieval cities, the effects of a

technology-induced expansion of construction possibilities should be most pronounced

here. Churches consistently served as testing grounds for new building technologies and

architectural trends (Prak, 2011). Consequently, they were the �rst structures in which the

novel brick technology was utilized north of the Alps, as mentioned above. Additionally,

the construction histories of churches are exceptionally well-documented, providing in-

sights into intensive-margin construction possibilities rather than just extensive-margin.

Therefore, church construction activity is particularly suitable for a quantitative analysis

of the effects of a new construction technology.

These data provide evidence that the introduction of brick technology reshaped the ge-

ographic focus of church construction activity in medieval Germany. Between the 8th

and 11th centuries, construction was largely concentrated in regions abundant in natural

stone resources. In contrast, areas such as Northern and Northeastern Germany, the

Lower Rhine, and the Alpine foothills, which lacked natural stone, saw limited large-scale

construction due to the absence of suitable building materials. This pattern changed

dramatically in the 12th century, as brick technology enabled these regions to exploit local

clay and sand for construction.

Figure 7a illustrates the geographic concentration of church construction in Germany

prior to the adoption of brick technology (8th to 11th century). Cities like Cologne saw

substantial construction activity, with the total surface area of newly built and expanded

churches reaching nearly 20,000 square meters. This pattern aligns with the availability

of natural stone resources, as shown in Figure A.4 in the Appendix, where construction

activity was concentrated in regions with easy access to stone. In contrast, areas theo-

retically suitable for brick production – such as the north and northeast – exhibited far

less large-scale construction, re�ecting the constraints imposed by the absence of suitable

building materials before the introduction of brick technology.

Figure 7b highlights the transformative impact of brick technology on construction pat-

terns. While cities like Cologne and Erfurt, rich in natural stone resources, maintained

9To be included in the sample, cities needed at least one urban church exceeding 1,000 sqm in �oor area and
a population of at least 5,000 at any point between 800 and 1800 or more than 100,000 in the year 2000.
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Figure 7: The Locus of Church Construction Activity in Medieval Germany

(a) 8th to 11th Century

(b) 12th to 15th Century

The two maps illustrate the geographical center of church construction activity in medieval
Germany. Panel (a) represents the period before the advent of brick technology (8th to 11th
century), while panel (b) represents the period after the advent of brick technology (12th to 15th
century). Red circles denote German cities, with the size of the circle representing the level of
church construction activity. Gray shaded areas indicate regions suitable for brick production.
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Figure 8: The Locus of Non-Ecclesiastical Construction Activity in Medieval Germany

(a) 8th to 11th Century

(b) 12th to 15th Century

The two maps illustrate the geographical center of non-ecclesiastical construction activity in
medieval Germany. Panel (a) represents the period before the advent of brick technology (8th to
11th century), while panel (b) represents the period after the advent of brick technology (12th to
15th century). Red circles denote German cities, with the size of the circle representing the non-
ecclesiastical construction events. Gray shaded areas indicate regions suitable for brick production.
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high construction levels, new clusters of activity emerged in brick-suitable areas, par-

ticularly in Northern Germany and the Bavarian Alpine foreland. Lübeck, for example,

became the leading city in terms of church construction, with its cityscape still dominated

by medieval brick structures. These observations offer preliminary evidence that the ad-

vent of brick technology shifted the geographical focus of urban development in Germany,

enabling construction in regions that were previously constrained by the lack of suitable

building materials.

To provide a broader perspective on city-level construction activity, I compiled a novel

dataset encompassing not only major ecclesiastical but also non-ecclesiastical construction

events from 700 to 1500. This dataset includes detailed information on the construction

materials used, enabling a distinction between brick and non-brick buildings. It covers

entirely new structures as well as the rebuilding and extension of existing ones. As

outlined in Section 3.1, the data was primarily sourced from Dehio (1944) and further sup-

plemented by a comprehensive review of additional sources documenting preserved and

lost medieval structures, aiming for a comprehensive account of medieval construction

activity. The dataset encompasses a wide range of construction events, including non-

ecclesiastical religious buildings (e.g., monasteries, synagogues, episcopal residences),

administrative structures (e.g., town halls, courts), social and welfare institutions (e.g.,

hospitals, almshouses, schools), as well as economic facilities and critical infrastructure

(e.g., market halls, mills, bridges). While it does not capture data on building volumes,

focusing instead on the number of major construction events, it provides valuable insights

into overall construction activity at the city level. The aggregate trend in the number of

major non-ecclesiastical construction events from 700 to 1500 is shown in Figure A.3 in

the appendix.

Figure 8 illustrates the focal points of non-ecclesiastical construction activity before (Fig-

ure 8a) and after (Figure 8b) the introduction of brick technology to the regions north of

the Alps, following the same approach as in Figure 7 for church construction activity. A

similar pattern emerges: Prior to the construction technology shock, non-ecclesiastical con-

struction activity was concentrated in central and southwestern Germany, with minimal

activity observed in brick-suitable areas. However, the advent of brick technology in the

12th century marked a dramatic shift. Brick-suitable regions in northern Germany and the

Bavarian Alpine foothills began to experience signi�cant non-ecclesiastical construction

activity.

The previous data sets focus on construction activity, capturing the immediate impact of

brick technology on urban building dynamics. However, increased construction possi-

bilities likely had broader implications. By enabling more resilient infrastructure, public

goods provision, and stronger urban defenses, brick technology may have in�uenced city

growth. To investigate this, I incorporate city population data to assess the broader urban

impact of this technological shift. To assess the broader impact of brick technology on ur-

ban dynamics, I draw on Buringh (2021) updated dataset of historical urban populations

in Europe, which builds on and re�nes Bairoch et al. (1988) seminal work by integrating
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