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Abstract
Brownfields, land containing both actual and perceived contamination from former uses, pose
hurdles to redevelopment, but are worthy of consideration due to their potential for aiding innercity regeneration and providing alternatives to suburban sprawl. Yet the extent of the brownfield
land problem is unknown in many cities, and relatively little research has systematically described
efficient and effective ways to identify these sites. We demonstrate how a geographic information
system (GIS) can be used for the identification and management of a brownfield database. A
series of historical fire insurance plans and city directories for successive eras of development are
incorporated in the GIS to provide extensive documentation about the location and condition of
brownfield land. Such a system offers planners a powerful set of spatial–analytical tools to
comprehensively describe the brownfield land situation, as well as being expandable and
adaptable to document the general evolution of the urban landscape.

Introduction
The de-industrialization process accompanying global economic restructuring has
reshaped the modern urban landscape, producing many under-utilized or
abandoned industrial and commercial properties, commonly referred to as
‘brownfield sites’. Although these sites exist in cities throughout North America
and Europe, there is no single definition of what actually constitutes brownfield
land. For example, the US Environmental Protection Agency (2008) defined the
term as ‘abandoned, idled, or under-used property where redevelopment is
complicated by real or perceived environmental contamination’. In the UK, the
term is taken to mean any land that has been previously developed that is now
vacant (Department of Environment, Transport and the Regions, 1999). Whereas
in the USA the term refers to both known and potentially contaminated sites, the
issue of contamination or potential contamination is not considered in the UK.
Taking various definitions into consideration, this paper is concerned with
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previously developed vacant land, contaminated land, or potentially contaminated
land.
Various levels of governments in North America and Europe have recently
emphasized regenerating brownfield sites to promote sustainable urban
development. For example, Places to Grow, Better Choices, Brighter Future
(Government of Ontario, 2005) provides clear policy guidelines on brownfield
regeneration in Ontario (Canada) to promote sustainable urban development.
Similar policy efforts exist in the UK, and many other European countries
(Department of Environment, Transport and the Regions, 1999; Raco &
Henderson, 2006; Dixon, 2007; Dixon & Adams, 2008), and in US cities
(Nijkamp et al., 2002; Wedding & Crawford-Brown, 2007; Williams & Dair,
2007). In spite of governmental support, the identification, remediation and
redevelopment of brownfield land is a complex issue, requiring detailed site
investigation and soil and water testing. Their remediation has also been hampered
by a lack of standardized and practical clean-up criteria, high costs, uncertain
market conditions, risk and liability issues (see De Sousa, 2005, 2006a).
A more fundamental, but critical, obstacle to brownfield land remediation and
redevelopment is a lack information on their location and extent within a city.
Some sites are easily identifiable, but others become masked by layers of
redevelopment. Planners and policy-makers need to know the extent of a city’s
brownfield problem before they can create effective policies and legislation for
redevelopment, and before developers and municipalities make large monetary
investments. Thus, former, current, and future sites need to be identified.
Guidelines for identifying a brownfield should consider both contaminated and
non-contaminated sites. There is no unified and universally applicable method to
identify brownfield sites (see also Heberle & Werstadt, 2006). Relatively little
research has been conducted on creating an efficient and effective geographic
information system (GIS)-based methodology to identify and manage brownfield
sites. In Canada and the USA, land-related brownfield information is somewhat
limited and existing databases of sites use inconsistent standards and criteria for
collecting and cataloguing information (National Round Table on the Environment
and Economy [NRTEE], 1997; Heberle & Wernstedt, 2006; Page & Berger, 2006;
Frickel & Elliot, 2008).
The image of a brownfield brings to mind massive sites littered with industrial
residue and decaying and polluted structures that symbolize urban blight. The
literature does not suggest that clearly defined and mutual assumptions exist about
the size or scale of brownfields. The general assumption is that most are large
industrial complexes, yet little is known about smaller sites, such as gas stations or
machine shops (Heberle & Werstadt, 2006; Frickell & Elliot, 2008). With this in
mind, we believe the identification of brownfields in a given city is critical, and we
propose an efficient method to do so.
The paper begins with a brief overview of literature on brownfield identification
and management, followed by a discussion of implementing a GIS to build,
manage, and analyse a database of brownfield land. The cartographic and nominal
sources used to build this system are also described, along with the proposed
method of identification and management. Finally, we discuss the benefits and
shortcomings of this method of identification.
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An Overview of Research on Brownfield Site Identification and Management
Research on all aspects of brownfield land has expanded significantly in recent
years. The majority of studies have focused on technical aspects of site
remediation and issues of policy-making and planning implications (Greenberg
et al., 2001; McCarthy, 2002; Alberini et al., 2005; De Sousa, 2005; Bliek &
Gauthier, 2007; Dixon & Adams, 2008). Most studies have focused on a city’s
experience with: various economic incentives created to promote successful
redevelopment; barriers to private-sector barrier remediation; and liability issues
(Adams et al., 2000; Alberini et al., 2005; Herberle & Wernstedt, 2006). Other
studies have focused on how brownfield regeneration is important to increasing
housing supply and generating environmental benefits, such as the reduction of
sprawl, urban renewal, improving the social conditions of local communities,
attracting investment to older centres, and environmental clean-up (see Roseland,
2000; Alker & McDonald, 2003; De Sousa, 2006b; Dixon & Adams, 2008).
Some researchers assert that brownfield redevelopment is the best smart growth
option available to planners and policy makers (Greenberg et al., 2001; Franz
et al., 2008). Their argument is that brownfield redevelopment can take advantage
of existing infrastructure and help to reduce development pressure on virgin lands.
Furthermore, abandoned properties have the potential to improve the quality
within communities by being converted into open spaces. Areas such as parks,
trails and other recreational spaces can strengthen a neighbourhood, increase the
value of surrounding properties, and make it a more attractive place to live. By
allowing brownfields to transform into public open spaces, municipalities will not
only increase the quality of life within a neighbourhood but also make
neighbouring brownfield properties more attractive to developers (De Sousa,
2003; Franz et al., 2008). Although compact cities and densification have benefits,
their adverse implications and potential costs should not be overlooked. If left
unabated, extreme urban densification can result in increased congestion, overcrowding, diseconomies of scale and reduced quality of living (Anas, 1992; Behan
et al., 2008).
Although the purported environmental, economic, and social benefits of
brownfield regeneration have received tremendous attention in the academic
literature and policy circles, these studies have been criticized for being too narrow
in their scope and not drawing sufficient linkages with the wider community and
regional goals. In particular, McCarthy (2002) has argued that, to be successful,
any brownfield rejuvenation policy must be connected to broader community
goals, such as curbing urban sprawl, promoting smart growth, and revitalizing the
central city area. De Sousa (2005) argued that brownfield redevelopment needs to
be understood in terms of broader social, economic, and environmental objectives.
Williams and Dair (2007) also explained that a successful brownfield redevelopment project is one that is economically, socially, environmentally sustainable, and
more importantly connected to wider sustainable development strategy. Similarly,
a sustainable brownfield redevelopment project is one that supports local
economic diversity, provides housing to meet local needs, integrates the
development within the locality, and preserves local culture and heritage (Raco
& Henderson, 2006; Carter & Fortune, 2007).
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Raco and Henderson (2006) suggest that too much is expected from brownfield
redevelopment projects and that wider benefits will only be gained if redevelopment schemes are embedded within a wider and more comprehensive set of policy
agendas. They contend that redevelopment needs to be conceptualized in relation to
broader patterns of development. Only by adopting a coordinated approach that
examines individual brownfield sites as they relate to the entire urban region will
redevelopment be sustainable.
Although these studies are important, they fail to consider the key variable in
the equation: the sheer scale of the brownfield problem. We contend that before a
brownfield redevelopment project can be connected to broader community goals,
or before planners and policy-makers introduce mechanisms to encourage
redevelopment, the number, location, and extent of potential sites in any region
must be known. Policy and economic incentives cannot be fully realized until
planners, policy-makers, private investors, and the public know how to assess
brownfield sites on a city-wide basis. We propose an efficient and effective GISbased methodology for identifying brownfield sites.
Unfortunately, systematic studies of brownfields that would allow an appraisal
of similar features across a wide array of sites are not well developed. Such studies
are inherently difficult (Heberle & Wernstedt, 2006), and little has been done to
identify these sites. Frickell and Elliot (2008) have outlined the need to identify
these sites and present a method to identify current and past hazardous sites. The
authors begin by listing polluting industries and then cross-reference this list with
manufacturing directories of a particular city. Using this approach, they are able to
identify businesses operating in the polluting industries. While this method is
useful, Frickell and Elliot (2008) did not present a comprehensive identification
method that considers smaller industries or sites not engaged in manufacturing,
such as gas stations, warehouses, auto-machine shops, or chemical facilities.1
Page and Berger (2006) attempted to survey and catalogue a variety of sites
across the USA. They analysed 1, 415 types of sites. Nevertheless, the objective of
their study was not to discover sites or to detail methods for identifying potential
sites; indeed, the sites they studied were already listed in a state-operated database
of sites in some phase of remediation. Instead, Page and Berger (2006) attempted
to identify commonalities in lot size, past use, current use, and location. They
analysed the characteristics of the sites to determine whether their results were
consistent with commonly held assumptions about brownfield sites, particularly
industrial history.
The most comprehensive set of instructional guidelines for identifying the scale
of the brownfield problem at a national level was produced in Canada by the
National Round Table on the Environment and the Economy (NRTEE, 1997), a
federal government-affiliated agency. The NRTEE recommended using a variety
of sources and databases to identify brownfield sites in Canada; however, a
number of the sources cited by the NRTEE are inaccessible to the general public.
Furthermore, the sources they recommend vary by city and province. NRTEE does
describe the usefulness of fire insurance plans and city business directories.
De Sousa (2006a) attempted to compile inventories of brownfields and
determine the extent of the problem in Canada by distributing a mail survey to 55
Canadian cities. Respondents were asked to estimate the quantity of brownfields in
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their municipalities. Only 24 cities responded. Two had formal brownfield
inventories, 9 were in the process of developing an inventory, and 13 had no
inventory. Twelve cities provided only estimates. The number of brownfield sites
ranged from 0 to 1, 000. Based on survey results, municipalities do not have a
standard approach for developing brownfield inventories, which is consistent with
provinces and the federal government in Canada.
In an earlier paper, De Sousa (2005) attempted to examine the scale of the
brownfield problem in Milwaukee, Wisconsin, USA. This study was based on
government and municipal sources, which tended to focus on tracking financial
assistance. Thus, the data reflected projects that received financial assistance from
government and did not include those that may have been assisted in other ways.
The author attempted to ensure standardization of the data, but outlined several
problems inherent in this approach. Municipalities did not collect data for equal
periods of time, and they employed diverse definitions of what constitutes a
brownfield. Some municipalities reported individual projects, and others reported
mixed-use projects. Finally, some jurisdictions only reported on large flagship
projects.
In the next section, we describe a process that can be used to effectively compile
an inventory of brownfield sites for a given city.
Building a Comprehensive Database of Brownfield Sites in GIS
Building a comprehensive database of brownfield land is clearly a worthwhile
project for municipal governments, providing a tool to aid in the management and
redevelopment of sites; however, the creation of such a system is not without costs
(time and money). As such, it is important to construct a GIS that is flexible,
acknowledging both the present and future requirements of the system. The
limitations of the data must also be appreciated. As we are using historical data
sources to track brownfield sites, there are often gaps in available data, so the GIS
must be able to easily integrate future data.
A series of historical cartographic sources, notably fire insurance plans (FIPs),
provide detailed information about the location, hazards and uses of a site. We
discuss methods of their digitization and ‘georectification’ within a GIS so that the
information they contain may be exploited digitally. Supplemental industrial
and business listings, such as those found in the annual city directory, are
integrated into the GIS and mapped to their correct spatial orientation using street
addresses.
Georectifying Cartographic Sources
At the core of our system is a series of cartographic representations that document
the city through successive eras of development. It is important to have a history of
past conditions so that the contemporary situation may be fully understood.
Historical sources include air photographs, topographic maps, plans and surveys;
sources typically available at local libraries, archives, or City Hall. Another
valuable source, FIPs, are available for most cities and towns across Great Britain
and North America, as well as many cities in Europe, South America, South Africa
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and the Middle East (Goad, 1984); we use FIPs to extensively detail historical
conditions in London, Canada.
Since they were used by the fire insurance industry, a pedantic profession, the
FIPs provide a detailed and accurate representation of the city that was used to
determine insurance premiums (Moulder, 1993; Tebeau, 1997). Rates were
assessed by determining the risk that a structure would catch fire. To evaluate fire
risk, the plans contained detailed information on buildings, including construction
materials, footprints, and relation to neighbouring structures. Further information
is presented pertaining to the uses of the building, including occupants and certain
internal hazards (e.g. boilers, fuel tanks). The most detailed information is
presented for larger buildings of industrial or commercial uses since these were
most likely to burn (Bloomfield, 1982; Novak, 2006). Tunbridge (1986) uses the
detailed depictions of warehouse structures to discuss their potential in revitalizing
the inner-city in Ottawa. Thus, the FIPs are a detailed document depicting
historical urban landscapes, which are useful in determining past hazardous uses
that might result in them being considered contemporary brownfields.
The past tenant of a building might suggest potential hazards from residues left
from their tenure, resulting in contemporary problems in the site’s redevelopment.
Heavy industries, such as engine works, would probably have contained machinery
powered by coal or gasoline; any residue of these historical uses might cause
problems today. Similarly, identifying the location of former commercial
enterprises such as gasoline stations or dry cleaners could also indicate problems.
Not only do the names of tenants shown on the FIPs represent evidence of a
potentially contaminated site (e.g. ‘Johnson’s Paint Factory’), but the plans also
detail interior layouts and specific hazards within the larger buildings. For these
structures the plans typically denote possible sites of fire ignition such as boilers
and gas tanks; items that may cause problems for a contemporary inhabitant.
The FIPs provide a comprehensive data source that can be used to document
potential hazards from past uses, and have long been employed by researchers,
city planners, engineers and environmental consultants to identify conditions of a
site (Moulder, 1993). For the most part, these users must physically go to a local
archive where the plans are stored and then carefully review numerous plates to
find the site of interest. We propose that cities should scan available plans into
digital format for use within a GIS. This process, although requiring an initial
investment of labour, would eventually reap many benefits. No longer would an
individual employee, consultant, or researcher have to travel offsite to obtain the
data, since it would be stored in digital format and therefore could potentially be
made accessible to anyone from anywhere. Furthermore, the mere process of
scanning these plans preserves them from eventual degradation and introduces the
analytical capabilities of a GIS; for example, plans can be superimposed to
observe the morphological and land use changes taking place in intervening
periods (Gilliland & Novak, 2006). In addition to the brownfield work, such a
documentation of past conditions would benefit many areas of municipal planning
and engineering departments, perhaps most notably those responsible for heritage
conservation and management.
Once scanned, the images are rectified by matching locations on the plans with
known real-world control points using the georeferencing tools available in
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standard GIS packages. The method of rectification we use involves identifying
points on the historical plans that are still extant on modern municipal GIS files
(Figure 1). The georectification process is extensively detailed elsewhere, but in
general requires at least four points to match, preferably at each of the four corners
of the sheet (Lo & Yeung, 2002). Lot lines (the legal framework of land parcels)
are among the most static elements of the urban environment, and, as such, the
outside corner points of corner lots at intersections provide ideal control points for
georectifying a historical plan to modern spatial coordinates.

FIGURE 1. Cartographic sources such as FIPs are georectified to the current GIS files using known
locations (contol points), giving each the same scale and allowing for their layering over time.
Features from the plans are digitized, and records on databases are geocoded to their correct spatial
location.
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To ensure that fire insurance rates were accurate, the FIPs of a given city had to
be kept up to date, and thus were continually modified to reflect changes in the
built environment. Complete FIPs are often available for cities every 5 – 20 years
beginning in the mid-19th century, and we argue that it would be in a city’s
interest to scan and rectify whatever years are available. This allows for tracing
changes to the built environment, land uses, and certain hazardous contents of the
building. Thus, if a factory originally was coal fired, but switched to gas in the
early-20th century, this switch would be reflected in the revised plans, increasing
available information on a potential brownfield.
A brownfield database may be constructed by methodically reviewing each FIP
plate for textual or graphic indicators of potential contamination. Land uses and/or
occupants (particularly the hazardous ones) were labelled and hazardous features
such as gas tanks were identified with standardized graphic symbols. It is
suggested that this procedure be completed for each of the years for which FIPs
are available. Using this method, it may be possible to miss some potentially
hazardous sites since not all were clearly identified on the FIPS, notably smaller
commercial enterprises like dry cleaners or auto mechanics, which could be simply
marked as a store without specifying their exact use or hazards within.
We suggest digitizing those features that have been identified as hazards. The
footprints of buildings where hazardous activities occurred can be traced in
polygon layers, and points can be placed for features such as boilers and fuel
tanks. Textual datasets pertaining to these digital representations of features can be
added, such as the type of fuel used in a tank or the building occupant’s name.
Since the plans have been given proper spatial reference, a database built from the
plans will also be correctly spatially referenced, and will allow for the use of
powerful spatial-analytical tools of GIS. Since this process can be very time
consuming, we recommend digitizing only those features that have been identified
as potential brownfields on the FIPS and/or by the supplemental methodology we
outline below.
Expanding the Brownfield Database Using Historical and
Contemporary Sources
A digital database of potential brownfield sites can be supplemented using a series
of historical city directories to identify the addresses of former land uses that may
have left hazardous residues. City directories are a useful data source for
brownfield research as they list every business (and household) by civic address
and type of business, and are available annually for most major North American
cities since the mid-19th century (Harris & Moffat, 1986). For this study we have
chosen to build databases using the city directories for the years 1881, 1915, 1958
and 2008, which correspond with available FIPs and the contemporary GIS
database.
Once the digital database of business entries has been compiled, the GIS is used
to map the historical locations of potentially hazardous activities to their presentday locations. This may be done manually, plotting a point at its proper location
based on street address; however, GIS software contains an automated tool to
perform this geocoding procedure using an address index file that contains either
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specific address points or address ranges along a street network. The FIPs or other
historical sources should be used to verify, and potentially modify, the address file
to account for any address changes that have occurred over time (in our case study
city there have been very few). If FIPs are unavailable or incomplete in spatial or
temporal coverage, it would be possible to build a comprehensive listing of
potential sites using only the city directory listings. These would not provide the
detail contained in FIPS, but would be a suitable substitute if methodically
examined using a set of targeted uses.
In addition to FIPS and city directories, the brownfield database can be further
expanded using a wide range of additional data sources. Historical sources, such as
other paper maps, plans, and surveys can be georectified, and textual sources such
as newspapers and local industrial histories can also be georeferenced through
spatial identifiers. Most cities now contain a geomatics division with large
amounts of data about the contemporary situation already available in digital
format. Aerial imagery, land inventories and tax assessments all represent layers of
data that can be added to the brownfield information system to provide
supplementary details for each site in the database, and to help manage their
remediation.
Discussion and Conclusion
Creating a comprehensive database of brownfield sites allows a city’s
administration to discern the extent of the contemporary brownfield situation
and to better manage these sites for the future. Spatially referencing the database in
GIS acknowledges the spatial structure of this issue. Clusters of brownfield sites
and their densities in areas are quickly computable in GIS. Particularly important
is the area around brownfields and their proximity to sensitive land uses such as
schools and natural areas. The GIS platform can also incorporate historical data
sources, both cartographic and tabular, to document past landscapes and potential
contaminations.
GIS provides powerful and effective tools for the management and analysis of
the information pertaining to the brownfield situation. Piecemeal data entry and
wholesale data manipulation are two management techniques to increase the
efficiency in the intensive data creation stage. With the data entry stage complete,
the system allows for the instantaneous observation of the issue through a
spectrum of resolutions. The general number and location of brownfield sites can
be viewed across an entire urban region. Then, the conditions of a site of interest
can be examined at the micro-scale, even inside buildings. On-the-fly analysis can
be performed using the advanced spatial-statistical tools of the GIS. Numerous
scenarios can be quickly analysed to determine the most advantageous
administrative policies.
Incorporating a series of cartographic sources representing urban environments
through successive eras of (re-)development allows for the identification of
industrial residues from past uses, as well as the tracing of a site as it changes over
time (Figure 2). The FIPs provide a detailed history of the site, indicating potential
hazardous uses from the past that can remain contaminated today. This is not to
say that every site is contaminated; however, it provides a comprehensive source
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FIGURE 2. By layering the FIPs, it is possible to determine the previous uses of a site. In 1915 this
location was home to a scattering of houses along the Canadian Pacific railway, followed by
industrial developments in 1929 and their expansion in 1958. A close-up of the 1958 plan reveals
possible contamination at this site from previous oil tanks used on the site.
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to identify potential contamination for further investigation. Rough dates of
construction, as well as materials and layouts discerned from the plans, add
valuable information for the re-development process. This is especially acute in
those instances when the site is deemed to have historical or architectural merit.
Drawing information from the overlaying and visual inspection of cartographic
sources is one part of the system’s potential. Information about the features on the
maps, as well as that contained in a host of other sources such as city directories,
can be stored in spatially-referenced databases within GIS. As new sources and
resources become available, additional data can be added, demonstrating the
expandability and adaptability of the system.
This information contained within these databases can be queried in order to
isolate that information pertinent to a specific question about brownfield land.
Standard queries can be applied to draw out sites that fit a specific set of criteria
such as date of construction and building size. Since GIS is explicitly spatial, the
software can also handle spatial queries, either individually or linked with a
standard type. Thus, not only can specific building characteristics be selected for,
but also their proximity to features of interest such as the Central Business District.
For example, a query can be constructed to highlight all gas stations within 1
kilometre of the river (Figure 3). Spatial considerations are important due to the
proximity of hazards to sensitive areas.
The value of creating a GIS-based brownfield inventory is enhanced by its
adaptability to other pertinent issues. The system not only documents brownfield
sites, but the entire urban environment, and can thus be used to manage a range of
urban issues such as heritage inventories and engineering infrastructure. The
adaptability of the system to other uses is enhanced by its expandability. When
new data become available they can be added to the pre-existing GIS. If new
cartographic sources are obtained, for example, they can be scanned and rectified.
Statistical, nominal, and photographic sources, both historical and contemporary,
can also be incorporated as long as they contain a spatial reference in the dataset.
Since the digitizing of information from the FIPs is a large undertaking, it does not
need to be completed at once; rather, as the information becomes needed it can be
input. Since the system is not static, remediation efforts can also be tracked
keeping the system up to date.
Despite its potential, building such a system does have several limitations that
must be discussed. First, there are various levels of data availability, and since this
system is so heavily dependent on historical sources such as the FIPS, it is possible
that they are unavailable for some cities in certain periods. Second, even if sources
are available, they require considerable labour to enter into digital format. This
process has been aided recently by advances in automatically recognizing the text
and figures using such tools as optical character recognition of the nominal sources
and auto-vectorization of the cartographic sources. Third, using GIS software
requires skill, and for some it is a steep learning curve; nevertheless, larger
municipalities typically have engineers, surveyors or planners with GIS aptitude.
In general, building a GIS is not an easy task and the city must be cognisant of the
costs of developing such a system.
The adaptability and expandability inherent in the digital architecture of the GIS
allows for the easing of some of these disadvantages. The expandability of the
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FIGURE 3. A 500-m buffer is applied to the river using analytical tools of GIS, allowing for potential
hazards, such as gasoline service stations (shown as diamonds) to be isolated within sensitive areas.
With a list of possible hazards, the fire insurance plans can be used to detail the specific site
conditions.

system allows for it to be created in segments, wherein the most important pieces
are created first, such as the digitization of features pertinent to known brownfield
sites, followed by the addition of other datasets as resources become available. The
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costs of the system can be spread across several projects since the system we have
proposed is not only suitable for a brownfield inventory, but also to document the
history and development of the city. Thus, it is adaptable for use in other city
departments such as engineering, following the progression of the water system
that is often portrayed on the plans, and historic preservation for documenting
heritage properties and the successive eras of urban development. It is also
possible to make the data contained within the system available to interested
members of the general public, from individual property owners to genealogists.
There are, however, ethical and legal issues to consider with making such valuable
and potentially contentious data publicly available. The presence of contaminated
land has the potential of instantly reducing a site’s value on the real-estate market.
Public release of such information should only be done with great caution.
Now that most cities have built extensive GIS databases detailing their
contemporary environments, we argue that they should focus their attention and
resources on compiling historical data layers from valuables sources such as the
FIPs and city directories. Looking to the past helps to explain the contemporary
situation and helps to produce informed regulations to guide future development.
Building a comprehensive, spatially-referenced database of brownfield sites
provides a valuable platform to manage these important sites. Although it is a
time-consuming undertaking, we argue that it is a worthwhile one. The
compatibility with numerous other urban management topics further provide
justification for the investment, and allow it to be assumed by various bodies other
than the brownfield portfolio.
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