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Beyond Windows: Using High-Volume Data to See Urban History  

Cities are frameworks that reflect the opportunities and constraints of earlier eras that are 

evolving to reflect modern needs. As American cities undergo a period of explosive physical and social 

change, older infrastructure, buildings, and spatial relationships are threatened by development pressure. 

A common – and sometimes the only – tool for protection of an older building or site is local historic 

designation. In 2019, the City of Minneapolis commissioned a context study in order to identify and 

evaluate the impact of former streetcar lines on early 20th century commercial development, especially in 

neighborhood commercial zones. As a preservation planning tool, context studies provide a basis for 

finding and then evaluating buildings that best represent historic themes. Neighborhoods around former 

streetcar lines are often highly desirable for redevelopment, ironically because of the consistent and 

historic patterns that existed before and after the streetcar line was present – patterns like parcel size, 

street width, pedestrian walkability, suitability for mixed uses within single buildings, and proximity to 

residential development. However, these patterns, while readily documented, do not lead to identification 

of single resources for designation. Rather, they point out behavioral and social patterns in the urban 

environment that are not tied to any one physical feature or site. These “historic” characteristics are often 

the characteristics that make neighborhoods desirable, but preservation policy and local landmark 

designation does not have a mechanism to preserve these types of historic patterns that are not readily 
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seen in individual properties. As a consequence, linkages to the past are obscured, not because of the 

absence of historic resources or patterns, but because our methods of measuring them are deployed at a 

scale that maintains their invisibility. 

The way that we view the world today is substantially different from the vision that we had when 

our foundational preservation laws were created.1 Early and current preservation language prioritizes the 

retention of discrete and visible elements, features, and buildings that represent broader themes 

considered significant to American history. Today, and even more so in the future, assembly of individual 

elements – including specific physical components, behavioral patterns, and even concealed features – 

can be documented and mapped. This raw data, as well as the tools that we use to collect, assemble, 

analyze and represent our findings, allows us to identify broad patterns of history in the urban 

environment that span hundreds or thousands of individual parcels and elements. With new ways to 

assemble and perceive representations of history, we can expand our means for identifying and retaining 

historical integrity – particularly the elusive feeling of a historically significant place.2 

The organizing framework for our exploration is the National Register of Historic Places (NRHP) 

– specifically, the National Register criteria for evaluating historic significance and integrity.3 Since its 

formalization in 1966, the NRHP has increasingly become the guiding process for identifying and 

evaluating historic resources in the built environment at not only the federal, but also the local, county, 

and state levels. In local ordinances, regulations often mirror, or are very similar to, the criteria of the 

National Register for identifying and designating local landmarks. In the first section of this paper, we 

analyze historic significance and how it is represented in local preservation practice, and particularly the 

veneration of individual building elements – like original windows or storefronts – to represent broad 

patterns and design influences. Next, we look at the current use of data in the field of historic preservation 

and broader city planning efforts, including opportunities and shortcomings. Then, we discuss the 

National Park Service’s seven aspects of historic integrity – and propose an expansion of how we assess 



3 
 

the aspects of design, association, feeling, and setting. Finally, we conclude with a discussion of how the 

field of data science can expand our understanding of historic themes, inform design, and lead to new 

preservation planning tools and policies. 

Preserving What We See While Missing the Picture 

Local ordinances often use NRHP criteria, or a very similar set of criteria, as a basis for 

identifying, evaluating, and retaining historic significance in the built environment. The National Park 

Service defines four categories for historic significance: A) association with events that have made 

significant contribution to the broad patterns of our history, B) association with significant persons, C) 

embodiment of distinctive built characteristics, or the work of a master, and D) the potential for 

information, which is often associated with archaeology and prehistory. Because we use data science to 

identify and document trends, our collaborative work is exclusively focused on criterion A. While the 

NRHP does include districts, sites, and objects, it is overwhelmingly populated with listings of individual 

buildings. And, within districts, buildings are the resources identified as contributing or non-contributing. 

There are few or no mechanisms to identify and retain multi-parcel design elements that are not 

associated with a specific building or parcel. District designations are more successful than individual 

nominations with respect to incorporating multi-parcel physical features, such as a type or pattern of 

landscaping, railroad corridors and related infrastructure, and street design. However, they typically do 

not include any urban patterns that are not clearly visible and able to be retained within a single parcel, 

such as relative widths of streets and sidewalks to retain a pattern of vehicular or pedestrian traffic, 

proximity to and presence of natural or other features or amenities, or permitted uses.4 

With individual parcels identified as local landmarks, local preservation policy typically seeks to 

minimize physical and visible change at the level of an individual parcel or building component. 

Applications are submitted and reviewed for individual construction projects prior to the issuance of a 
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building permit. The perceived burden of preservation, through the retention of physical building 

elements, is most often the responsibility of an individual property owner. Through the preservation 

ordinance, proposed design and construction projects are evaluated with respect to the Secretary of the 

Interior’s Standards for the Treatment of Historic Properties (the “Standards”). Local preservation 

ordinances often explicitly adopt the Standards, or apply a very similar set of guidelines, when evaluating 

proposed changes to properties. The City of Minneapolis preservation ordinance, for example, notes that 

alterations should be “consistent with the applicable recommendations contained in The Secretary of the 

Interior's Standards for the Treatment of Historic Properties.”5 Each of the ten Standards, either explicitly 

or implicitly, seeks to minimize change to visible physical features that are remaining from the individual 

building’s period of significance.6  

The Standards are solely focused on the physical features that can be seen. That which cannot be 

seen does not contribute to the historic character of the building. For example, if a feature is concealed, 

like an older façade behind a 1970s storefront, it is not considered a historic feature. Or, the Standards 

encourage the prioritization of physical building features over intangible features such as function – i.e., 

an early 1900s neighborhood movie theater that functions today as a theater, but was substantially 

changed to meet customer aesthetics in the 1940s and again in the 1970s, is deemed not historic. The 

Standards, and by extension, local preservation ordinances, do not have the mechanisms needed to 

incorporate or promote the retention of any historic features that extend beyond an individual parcel or 

cannot readily be seen. Ongoing use of structures, over extended periods, often leads to changes to 

exteriors and facades that preclude recognition of historic features. As a result, heritage value is often not 

aligned with or leveraged to support neighborhood-wide revitalization or economic development through 

the ongoing use or reuse of older buildings. Instead, the preservation of physical elements is prioritized 

over retention or initiation of use.  
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The Role of Analytics in Contemporary Opportunity 

Our access to information is expanding rapidly. Available data sets extend far beyond the 

physical characteristics that have been the foundation of preservation planning: we can also collect 

information on behavioral and temporal characteristics such as uses, activity levels, and traffic patterns – 

to name just a few examples. Contemporary spatial analysis allows researchers to assemble collections of 

geographic elements in increasingly fine grain. Beyond the physical environment, our approach has 

included modern behavioral layers in analysis, integrating dynamics such as walkability, multimodal 

transportation patterns, and market activity for leasing of office, industrial, or AirBnb.   

Detailed data about our urban environments, stored digitally at the parcel level – previously 

unavailable or too cumbersome to collate – can be assembled, aggregated, layered, and analyzed in very 

high volumes to reveal otherwise unseen historic patterns. But, the current use of “data” for historic 

properties is generally limited to property inventories resulting from compliance reviews, and sometimes 

a local database showing the year of construction or the notable architect of locally designated buildings.7 

Furthermore, property inventories are often housed only in hardcopy format at the State Historic 

Preservation Office (SHPO). While the National Park Service, many SHPOs, and independent parties are 

in the process of digitizing large volumes of documents, the aggregation, layering, or analysis of the data 

remains elusive for practitioners in most metro areas and states.8   

 In recent years, many US cities have invested significant financial and personnel resources in the 

preparation and publication of municipal data sets. Information about public safety, traffic counts, 

building permits, and property assessment is available in many communities. While such transparency 

facilitates citizen access to data about places of interest and reduces costs associated with public data 

requests, the availability of data does not translate to insight or interpretation of data. In addition to the 

uneven availability of various data sets, the quality and consistency of data often varies dramatically 

among federal, state and local governments across the country.  
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The National Park Service prescribes preservation planning tools, like thematic and context 

studies9, that allow us to identify and study broad trends in the built environment. However, the result of 

thematic and context studies is often identification of specific and discrete buildings or sites that remain 

as the best individual elements to represent broader historical trends. The long-standing, federally-based 

concept that individual buildings can represent broader patterns of history is mirrored and implemented at 

the local level: local preservation regulations and the policies that guide them are most often carried out at 

the level of an individual parcel or even a building component, like a window, that is discrete and 

remaining from a specific period of time.  

Today, our access to information is dramatically shifting: detailed and voluminous data about our 

urban environment can be assembled, aggregated, layered, and analyzed in very high volumes to reveal 

historic patterns that previously remained hidden or unrecognized. This type of data analysis can extend 

beyond and link together individual structures and material features that are popularly viewed as the 

center of urban heritage value, and provide new tools for preservation in municipal policies during our 

current period of significant urban change. These innovations in methods allow for the revelation and 

combination of layers of history, not just collection of discrete elements.10 

 Data analytics could be a valuable tool to understand patterns of history that can be retained in 

modern urban life, in particular because of the potential to dramatically expand the basis for context and 

comparison. In the City of Minneapolis streetcar analysis noted in the introduction, one aspect of our 

scope included evaluating access to walkable amenities found in each of the 128,000 parcels in the city, 

and gauging the relationship of this access to the historic streetcar route network. Seventy years after the 

streetcar’s demise, the foot traffic and consumer demand driven by the streetcar mode has left behind 

intact patterns that are continuing to shape the city: modest density, flexible floor plans, durable building 

materials and highly networked locations are among the reasons that properties in older neighborhoods 

and commercial corridors are now experiencing significant growth in investment and redevelopment. 
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From 2003-18, 88.7% of the value of building permits issued in Minneapolis, was invested in areas 

located within 1/8 mile of the historic streetcar network – even though these areas comprise just 47.4% of 

the city’s land area.  However, local preservation ordinances typically do not have the means of 

identifying and retaining the key characteristics driving these patterns of reinvestment.  

 It is well understood in urban planning circles how the pedestrian mode and pace shaped the 

urban marketplace in the years prior to auto dependence and the alignment of these older patterns with the 

modern economy. Accessibility to labor and materials within walking distance maintained comparatively 

high land prices in those commercial districts that are now commonly viewed as historic, if not 

designated. Today, proximity has assumed a new level of importance, as many firms not only seek to 

attract talent but also exchange ideas with workers, lenders, and a myriad of others who increasingly 

concentrate in specific areas of the city. Research has documented the increased return on investment that 

these firms realize due to proximity. Older areas lend themselves to this reuse precisely because the 

pedestrian limitations of the 19th century created the framework for higher-density land use that is 

desirable in the 21st century economy.11 

 Economic activity is one dimension of urban life manifesting itself in older areas of US cities. 

Many others are at play: transportation accessibility, community health, environmental factors such as 

heat island effects and localized flooding, and housing supply and values are among the panoply. We can 

glean levels and purposes of investment in these areas. In each case, high-volume data processing and 

geospatial analysis offers the potential to combine multiple sources of data to produce new insights about 

how historic patterns overlap, or not, with current trends of building and land use.  

 Use of high-volume data analysis enables the contemporary opportunity for inclusion of 

characteristics beyond the physical and visible elements of individual parcels: use, behavior, economics, 

and land values are only a few layers that illustrate or result from historic influences. Historic significance 

and its character-defining features can be seen in neighborhoods where few or no structures have been 
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designated as historically significant – or even demolished altogether. Through data analysis, underlying 

design characteristics of these neighborhoods can be identified, revealed, and retained to communicate 

historical trends. Even if key features are obscured, these historic qualities can be detected and 

interpreted. 

 

Expanding Integrity 

Historic integrity is the primary means by which we discuss and measure the expression of 

historic significance in the built environment. The National Park Service defines historic integrity as the 

ability of a property to convey its historic significance through physical materials. In local preservation 

ordinances, applications for building permits are commonly reviewed to determine a project’s impact on 

“integrity,” with the goal of ensuring that integrity is retained through the proposed project. Expanding 

our understanding of integrity, or providing additional means to measure integrity, can provide new tools 

for local preservation planning. 

The National Park Service defines seven aspects of integrity, and notes that evaluation “must 

always be grounded in an understanding of a property’s physical features.” The seven aspects are 

location, materials, workmanship, design, setting, feeling, and association. For a property to be eligible 

for listing in the NRHP, and often as a local landmark, most if not all of the aspects of integrity should be 

present. For our purposes, the aspects of location, materials and workmanship are not discussed in this 

paper, because by definition they are linked to specific physical features and materials. Because the 

aspects of design, setting, feeling, and association can be expanded through incorporation of multi-parcel 

and high-volume data, we explore them in more detail here. 

Integrity of design is typically interpreted as the combination of elements that create the physical 

form of a structure. While design is expressed in specific physical features, the National Park Service 

acknowledges that these elements may be a response to or result of a variety of influences, such as 
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community planning. Broader design influences that can now be visualized using analytics range from 

physical to political features, such as locations of underground infrastructure, including areaways, or 

geologic features that limit the location or height of buildings, access to infrastructure, or platted 

boundaries. Data science may reveal relationships between higher pedestrian densities and historic public 

transportation lines, which are in turn associated with more transparent storefronts. Currently, key 

influences that informed design (and sometimes acted as the driving force behind construction), are 

generally not interpreted or accounted for in the analysis of the integrity of design. 

Setting is the physical environment of the property. In practice, the physical environment is 

generally analyzed as the characteristics of a property’s immediate surroundings, like adjacent buildings 

and remaining specific features from the period of historic significance. However, what we document as 

the physical environment can be substantially expanded using data to include easily mapped 

characteristics like locations of power sources (although it may be delivered differently today than in 

earlier decades), areas of pervious and impervious surfaces (even if the pavement has been replaced many 

times), topography (which may be expressed differently today due to more recent construction), and the 

presence of street furniture (which gets replaced often due to wear and tear). Using National Park Service 

standards, we might not “see” any of these aspects of the physical environment if they are not made of 

original or historic materials. Yet, they might be the exact characteristics that users and municipalities are 

seeking to identify as part of the key characteristics of a vibrant historic district. 

The aspect of feeling is a method to capture the sense of a specific period of time, and references 

the combination of multiple aspects of integrity to evoke a particular feeling.12 What we “feel” can 

arguably extend far beyond the single sense of what we “see,” like what we might hear or smell. Data 

visualization allows for behavioral characteristics to be readily mapped like physical characteristics. The 

sense of place that is often promoted as a desirable characteristic of historic districts may be most closely 

associated with this aspect of feeling. While visually mapping a “feeling” has not yet been defined by the 
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National Park Service, some readily available data includes traffic patterns (both frequency of cars and 

pedestrians), seasonal activities and uses, and noise levels. The presence, or absence, of behavioral 

characteristics contributes to the feeling of a place. 

The aspect of association describes the link between a property’s historic significance and what 

we see today. Like design, associations can be made between features that are visible, but may not be 

expressed in historic materials, particularly with respect to criterion A, where a property may be 

representative of an event or pattern of development. For example, a long-standing commercial corridor is 

strongly associated with business and retail (and the presence of businesses can be easily mapped), 

despite the fact that historic business signage, and even historic facades, have been replaced many times 

as consumer demands change.  

When assessing integrity, the National Park Service asks us to determine essential physical 

features as well as the visibility of those physical features. With multiple-parcel data mapping, essential 

physical features can be expanded beyond those that are constructed of historic materials. The width and 

length of houses may indicate factors at play during construction including property tax structure, heating 

and cooling technology, family structure, economic trends and relative availability of various building 

materials. Analysis may extend into non-physical elements as well: recent work undertaken by our 

colleagues at the University of Minnesota has vividly demonstrated this idea by digitizing and visualizing 

how discriminatory covenants in housing deeds spread through many American neighborhoods in the first 

half of the 20th century.13 High-volume data analysis allows cities to evaluate how urban features beyond 

individual structures contribute to the integrity of design, setting, feeling and association. 

With a definition of integrity that emphasizes readily visible and physical elements, we risk 

favoring and emphasizing discrete elements and limited, remaining physical materials over broader 

patterns in and influences on the built environment. Easily quantified aspects of integrity, like 

workmanship and materials, are prioritized over more complex aspects like feeling and setting – which 
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may be better able to comprehensively represent a place, site, or neighborhood. Because they are easy to 

quantify, regulate, and isolate within a single property, our local preservation practices may inadvertently 

facilitate the loss of integrity by retaining buildings or building elements without their broader context. 

 

The Intersection of History, Data, and Policy 

When we initially started exploring the intersection of historic preservation and high-volume 

data, our first initiative was to utilize the tools to “see” redevelopment opportunities in the interest of 

promoting reuse and reactivation of individual and underutilized commercial real estate. Individual 

properties could be identified by their building size, land area, proximity to neighborhood amenities, 

current zoning, vintage, tax-assessed value, and many other factors that make a site desirable for 

redevelopment, and specifically tax-advantaged historic or multi-family housing. The real estate 

community is looking for a return on investment, and finding undervalued properties that meet desirable 

redevelopment characteristics provides a means of more efficiently identifying opportunities and a 

competitive advantage as compared to waiting for a property to be listed for sale. Likewise, the 

characteristics that make a site desirable in one metropolitan area can often be replicated in other urban 

areas: parcel characteristics can be mapped in any geographic area.14 Through this exploration of 

desirable individual attributes for real estate redevelopment, we identified opportunities for broader 

impact at the scale of neighborhood, towns, and cities: the characteristics that were often the most 

desirable for commercial redevelopment were often those tied to a historic pattern, but not a designated 

historic building.   

Historic preservation policies for regulation and planning rely on the retention of visible physical 

elements of the built environment. With the emergence of high-volume data analysis, behavioral and 

dynamic patterns are becoming visible, too. Behavioral and dynamic characteristics in an urban 

environment generally expand beyond a single parcel, and can include factors like pedestrian, bike, 
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scooter and car traffic volumes and patterns, seasonal and daily activity, range of uses, and level of noise. 

Can and should these factors contribute to the setting and feeling of a historic district or site? 

Furthermore, are these the factors that have not yet been defined, but may be the means of quantifying 

social aspects of historic integrity, like association and feeling? If behavioral characteristics are 

expressions of American history in the urban environment, then as practitioners our imperative is to 

identify urban policies and planning tools that can be used to promote and retain historic patterns – and 

especially those that extend beyond individual physical features. As Shakespeare’s Coriolanus famously 

posed, “what is the city but its people?” 

Retention of historic use may be an opportunity for expansion of our interpretation of history at 

the municipal level. The Secretary of the Interior’s first Standard for the rehabilitation of historic 

properties reads: “A property shall be used for its intended historic purpose or be placed in a new use that 

requires minimal change to the defining characteristics of the building and its site and environment.” 

However, minimizing physical change is almost always prioritized over retention of historic use.  

Widespread reuse of industrial sites and warehouse buildings for housing is a current example of 

the retention of discrete building elements coupled with the loss of broad patterns. While the conversion 

to housing typically allows for exterior historic materials to remain intact, it substantially changes the 

overall character of the area – including multimodal traffic patterns, locations of jobs, level of street 

activity, and demand for supporting amenities. Many older industrial areas and their surrounding 

working-class neighborhoods face this pressure to convert larger industrial buildings to housing – in part 

because older industrial buildings no longer reflect the needs of modern industrial users. What approach 

to preservation can help central cities retain jobs and manufacturing as a historic pattern, even if this reuse 

risks loss of specific and obsolete site elements like smokestacks? Can historic rail loading docks be 

changed to truck loading docks as a valid form of preservation? In midwestern industrial cities, iconic 

elements of industry like grain bins and smoke stacks present little opportunity for reuse. Keeping them 
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can limit viability of a site or neighborhood to support jobs and related activity. Can local preservation 

policy balance retention of use equally with minimization of physical change? Does recognition of use 

(through feeling or association) bridge some of the local gap between the goals of preservation advocates 

and long-range planning requirements to support economic development? Based on our experience, we 

believe creative deployment of data analysis can help communities and practitioners reconcile competing 

priorities within the Standards, maximizing the value of retained historic resources. 

In conclusion, we seek to offer an additive approach to preservation policy: rather than reduce 

history to the most representative properties through designation and protection, we propose high-volume, 

multi-parcel data analysis as a means to understand, retain, and promote historical patterns and influences 

in the built environment. The most popular -- and sometimes the only -- tool for local preservation 

regulation is the individual landmarking of a building or site. By increasing what we can see and 

document in the urban environment, including historical characteristics beyond physical and visual 

elements, our preservation tools can substantially expand. Likewise, the perceived burden of preservation 

can be shifted from an individual site and property owner to a broader context, community ownership, 

and city- or neighborhood-wide policies. With the explosion of what we can now see, the aspects of 

setting, design, association, and feeling can incorporate additional means of recognizing and retaining 

historic integrity – which may be more aligned with other policy goals for sustainability, transportation 

and economic development. With high-volume and multi-parcel data, we may now have the means to 

quantify the subjective, character-defining features of a historically significant area, and retain the very 

characteristics that the community calls a place. 
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