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Article

Fringe Benefits: Adding Rugosity to the
Urban Interface in Theory and Practice

Catherine Brinkley1

Abstract
By fusing land-use theory from urban and rural development, this work builds a new theory based on the urban perimeter as a
functional interface important to the health of both urban and rural lands. This new theory has its antecedents in biophysical
sciences where studies on structural complexity offer insight into metabolism, growth, and resilience. For example, the structural
complexity of a coral reef’s surface is an important indicator of growth and resilience for the reef itself as well as the many
organisms that depend upon it. This work concludes with a research and practice agenda allied with the field of ecology.

Keywords
urban form, growth management, rural–urban linkages, sustainability, environmental planning, ecology

Urban and rural land-use theories have not yet been married to

create a unifying theory of how cities grow within their regions.

Early scholarly research has focused on the standard mono-

centric von Thünen (1875) model of higher land values cluster-

ing in the center of urban areas, with land values tapering

off steadily the farther parcels are from the city center. von

Thünen–based models often treat surrounding peri-urban lands

as de facto null value land, an important theoretical glitch,

which is recurrent in planning practice and research. Perhaps

as a result, many city plans call for buffers and concentric urban

perimeters, which are expected to concentrate land values in

the city center and decrease exposure to the urban interface. For

example, the popular Duany and Talen (2002) transect models

encourage tapering urban land uses that limit fringe access (see

Figures 1 and 2).

Simultaneously, the urban perimeter is also widely recog-

nized as valuable to both cities and rural areas (Heikkila et al.

1989; Boyle and Kiel 2001; Thorsnes 2002; McConnell and

Walls 2005; S. T. Anderson and West 2006; J. E. Anderson

2012; Delbecq, Kuethe, and Borchers 2014). Seminal work by

Clonts (1970) and Chicoine (1981) has shown that farmland on

the urban fringe is worth more per acre. New land-rent theories

help further explain the effects of sustainable agriculture in

generating added value (Czy _zewski and Matuszczak 2016).

On the urban side, over twenty years of peri-urban land value

studies have shown an uptick in price per square foot of hous-

ing on the urban fringe (Bergstrom and Ready 2009).

The design of greenbelts took off with London’s 1944 plan

(Abercrombie 1944) and has continued to spread with peri-

urban grassroots environmental efforts best epitomized by Nobel

laureate Wangari Maathi’s work with the Kenyan Greenbelt

Movement (Maathai 2004). Many farmland preservation groups

target their preservation efforts on the urban fringe, purchasing

development rights for an average of US$3,990 per acre to

protect high-producing farmland (Brinkley 2012).

Even though the fringe can be viewed as desirable to both

urban and rural markets, a response to land-use competition is

often to limit exposure through concentric urban areas and buffer

zones (Daniels and Bower 1997). For example, the historic gar-

den city movement lauded the curative properties of rural land-

scapes, yet limited the urban interface with concentric greenbelts

(Howard 1902). Given the value generated by the urban peri-

meter, goals of limiting it run counter to goals of enhancing its

functionality and worth to urban and rural communities alike.

To complicate the quest for an urban fringe theory, scholars

and practitioners are still unable to satisfactorily pin down a

definition that accurately identifies the myriad of urban and

rural uses, much less clearly define a delineating boundary

between such uses (Hodge and Monk 2004; Gallent 2006;

Qviström 2010; Lerner and Eakin 2011; A. J. Scott et al.

2013). The terms “urban” and “rural” are only clear in their

extremes. For example, urban areas can be suburbs or cities,

varying in density, income levels, and firm composition. Rural

lands can be forests, farmland, beaches, or recreational space.

To this end, the US Department of Agriculture (USDA) has

several working definitions of rural. The inability to settle on

one definition undoubtedly generates a stumbling block in fit-

ting explanatory theories to empirical data. This research aims
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to fill this void by providing an explanatory theory for the

function of the urban interface in combination with a practical

proxy for measuring it.

This article will first present a review of urban and rural

theory. By exploring both theories against the history of fringe

development, I identify the overlooked importance of the urban

form on functionality. In deriving a new urban growth theory

termed “fringe theory,” I identify its antecedents in biophysical

studies on the form and function of ecosystems. Just as a coral

reef’s structural complexity benefits both the health of the reef

and the many organisms that frequent it (Goreau and Goreau

1959), this article argues that the structural complexity at the

urban fringe is important to the health of the urban core and the

many functions of its hinterlands.

Next, I offer a suggestion for quantitatively testing fringe

theory through studies on structural complexity. Measuring the

three-dimensional structural complexity of a coral reef is dif-

ficult, perhaps as difficult as delineating and measuring the

boundary of the urban fringe. For this reason, the topography

of ecosystems is often approximated by line transect, a method

termed “rugosity measurements.” The rugosity index offers a

useful, comparative simplification. Rugosity estimates have

proven important as correlates of total ecosystem metabolism,

resilience, and growth (Hoegh-Guldberg et al. 2007). Figure 1

shows the difference between a high-rugosity urban develop-

ment (left) and a low-rugosity urban development (right).

Applying the concept of rugosity to the urban fringe offers new

methods for testing urban and rural ecosystems. Last, the con-

clusion expands upon how fringe theory would alter current

planning practices.

Urban Land-use Theory

Urban land-use theory informs both planning theory and prac-

tice, helping to explain why the urban fringe has been over-

looked in multiple aspects. Planners’ understanding of urban

growth and agglomeration economies is historically rooted in

theories pertaining to inward-looking bid rent curves. Johann

Heinrich von Thünen is commonly cited as the founding father

of the urban bid-rent concept (Figure 3). His 1826 land-use

model was designed primarily to explain the allocation of agri-

cultural land uses, where land value is derived from the max-

imum profit the land would generate if it were devoted to the

highest economic activity. In the von Thünen bid-rent model,

land values are driven by the demand to be close to central

markets and limited by the cost of transportation. For example,

the von Thünen model predicts that dairying will lie closest to

urban markets because milk will fetch a higher value than

timber or grains. The value of the land decreases further from

the city and land uses change correspondingly.

Figure 1. Rugosity visualization. Higher rugosity (left) and minimum
rugosity (right) for the same urban area (shown in white with simu-
lated buildings) as compared to the rural area (shown in gray). Higher
urban rugosity can be achieved by maximizing the interface between
rural areas and natural/rural lands through implementation of green-
belts, green wedges, and wildlife habitat corridors. Higher densities on
the urban interface will also increase the functional rugosity of the
urban area. Source: Image created by Elizabeth Brinkley.

Figure 2. Urban development density gradation drop-off. (Above) A
Duany-transect model used in the San Diego County General Plan
(2011). (Below) The author suggests steeper drop-off of density,
allowing more residents and business to benefit from the type of
agricultural amenities presented by peri-urban farmers. To allow for
this, the author recommends an uptick in development density at the
fringe and strict control to minimize development outside the urban
growth boundary.

Figure 3. Land value as a function of distance from the center city.
Notice that the counterurbanism trend reflects a higher than antici-
pated land value for fringe settlements. Many such graphs use popu-
lation density in exchange for land value with similar findings that show
a preference for fringe growth patterns.
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As a result of this distance–decay thinking, urban theorists

prioritized the city center as an important driver of economic

growth, paying less attention to the theoretically lower value

urban fringe. The von Thünen model has served as the basis for

monocentric models of city development and agglomeration

economies (A. Marshall 1890), elaborated upon by Alonso

(1964), Mills (1967), and Muth (1969). Harris and Ullman

(1945) later suggested a model, where cities expand not around

one single central business district but around several amenity

nuclei and transportation routes (Hoyt 1939). These multimo-

dal theories also suggested a tapering off of urban densities

similar to what is broadly proposed in transect planning models

(Duany and Talen 2002), which have been widely adopted by

practicing planners (see Figure 2). Later, urban theorists

focused on residential, commercial, and industrial land uses

to explain how high bid-rent prices are located closer to the

city center, where a denser population drives higher demand for

products in terms of jobs and retail.

The underlying assumption in the von Thünen theory is that

population density dictates land values and location of services

(Alig, Kline, and Lichtenstein 2004). In turn, theorists have

searched for the driving forces of population growth, unsatis-

factorily exploring production specialization, infrastructure

endowment, transit, and agglomeration economies (Short

2006). What makes a city thrive or brings about its downfall

is a perennial urban planning topic from Jacob’s (1961) “Life

and Death of Great American Cities” to more recent work on

the economic collapse of Detroit (Sugrue 2014).

The lowest densities of urban development at the periphery

were rarely considered as important in many urban theories of

land value or population growth. As a result, urban theorists

and planners were often puzzled when urban growth patterns

ran counter to the dominant theory. Growth has historically

favored suburban and exurban development, where commuting

was extreme and residential location decisions were driven by

“unpriced spatial influences” (Anas, Arnott, and Small 1998,

1451). Economists are apt to point out that these mysterious

unpriced influences are the result of a failure to theorize the

value and draw of rural amenities, such as viewsheds (Berg-

strom and Ready 2009). With such willful blindness, one won-

ders if urban theory is wishful thinking as opposed to a theory

used to explain an observed pattern.

As a result of theoreticians’ propensity for omphaloskepsis,

looking inward to city centers, urban theory is rarely consid-

ered in combination with rural theory or in thinking about peri-

urban agriculture, a significant deviation from von Thünen’s

early model on agricultural land rents. The following quote

points out this theoretical divide: “Whereas agricultural land

is an independent production unit, where rent is set according

to the plot’s own characteristics, land in the city has its useful-

ness and rent largely determined by its linkages with, and

access to, other land, buildings and urban facilities” (Kivell

1993, 30). Most empirical and theoretical scholars would argue

that the value and use of agricultural land are determined by

linkages to markets (Thomas and Howell 2003). Moreover,

urban theorists have largely looked inward at urban land

values, ignoring the linkages with farmlands as practically or

theoretically important. Such oversights in urban theory help to

explain why the urban perimeter is undertheorized despite its

historic prominence in development.

The Evolution of Urban Land Use and
Its History

The study of both urban theory and history fetishize dense

urban city centers (see Mumford 1961; Short 2006), leaving

little attention or guidance to rural land-use planning nor expla-

nation for prominent development trends. For example, Hall’s

(1988) classic summation of planning history couches profes-

sional planning in terms of a series of “city” movements. Para-

doxically, these movements which seek to glorify the city

simultaneously point to the unhealthy urban environment of

cities as causes for both urban renewal and urban dispersion,

the latter of which is represented by the preference for suburban

living since 1950.

Considering settlement patterns broadly as urban, suburban,

or rural; the United States had a majority rural population until

1920. Briefly from 1920 to 1950, the majority of Americans

lived in cities as compared to suburbia or rural areas and from

then on suburbia became the dominant settlement trend (US

Census Bureau 1920; Nechyba and Walsh 2004). Absolute

numbers also show a counterurbanization preference for

growth in fringe counties while urban areas decline (P. B.

Nelson, Oberg, and Nelson 2010). Data-driven models reveal

ex-urban growth to be the prevailing land-use trend in the

United States since 1960 (Lamb 1983; A. C. Nelson 1992;

Fulton and Pendall 2001; Heimlich and Anderson 2001; Theo-

bald 2001; Berube et al. 2006; D. G. Brown et al. 2008).

As opposed to theoretically considering urban and rural land

simultaneously and planning for each as synergistic land uses,

theorists and historians have focused primarily on urban land

uses, though this was not as evident at the birth of the profes-

sion. President Roosevelt’s 1909 Commission on Country Life,

an early federal attempt at policy recommendations for urba-

nization, suggested an urban land-use pattern that would ben-

efit expanding urban and rural areas alike by preserving natural

scenery in strips alongside urbanizing areas. The commission

asserted that “this in no way interferes with the agricultural

utilization of the land, but rather increases it. The scenery is,

in fact, capitalized, so that it adds to the property values and

contributes to local patriotism and to the thrift of the

commonwealth” (Country Life Commission 1911, 53).

In the absence of such a national policy, urban development

proceeded haphazardly, devaluing both the urban core and

rural areas. Already at the Third National Planning Conference,

Mr. J. Randolph Coolidge Jr. (1912) noted the “problem of the

blighted district” in inner cities, neatly examining how the

city’s downtown area devalues without continual upkeep while

people relocate at the fringe where new development is ser-

viced by modern infrastructure (p. 100–12). Coolidge heralded

the coming of the suburb in relation to the decline of the city

and consumption of scenic, rural lands, a theme that has been
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repeatedly witnessed for the past hundred years and yet broadly

escaped theory-based explanation or historic documentation

(Duany and Talen 2002).

Rural Development Theory

Rural development theory, particularly as it pertains to land use

and fringe development, is a relatively new field covering the

outgrowth of urban areas (Chisholm 1962, 1973; Van der Ploeg

et al. 2000). Prior to the acknowledgment of urban sprawl, rural

development theory was most concerned with migration of

rural people to the city as well as community and economic

development to improve the standard of living in small towns.

Because of the prominence of agricultural lands in rural devel-

opment theory and a wealth of studies on farm-city pairing,

farmland is given more focus in this section than other rural

land uses. To put this in perspective, agricultural land uses

make up roughly 37 percent of the world’s land cover, whereas

urban areas account for 3 percent and the rest is broadly rural

(Fischer et al., 2008). Globally, agriculture on the peri-urban

zone plays an important role in livelihoods and food security

for the low income (for a review, see Lerner and Eakin 2011).

Johann Heinrich von Thünen, the founding father of urban

theory, is also the founder of rural development. The von Thü-

nen model predicts that the rings of production closest to the

city will have highly perishable products, like milk and fruit,

which fetch correspondingly higher market prices. Timber and

firewood, produced for fuel and building materials, are planted

in the second ring as they are heavy and expensive to transport

into the city. Grains last longer than dairy products and are

much lighter than fuel, reducing total transport costs and

enabling croplands to locate farther from the city. Ranching

is located in the outermost productive ring because animals can

be driven into the city for butchering. The final ring consists of

wilderness with no marketable activities. This land has a null

value in the bid-rent model correlating to the lack of use one

can extract from the property due to the exorbitant cost of

transporting the product. In rural development theory, not only

is land use predicated by distance from urban centers but prod-

uct pricing.

Since von Thünen created his models, there have been sig-

nificant changes in transportation and energy supply. Yet,

according to many data-driven models, the von Thünen model

still holds merit (Barnard and Lucier 1998; Heimlich and

Anderson 2001; Vesterby and Krupa 1993; Thomas and

Howell 2003). As transportation becomes less expensive, the

von Thünen model retains its layers, but becomes spread out,

expanding the rings. Cities are still largely bound by high-value

cropland and dairies. Metropolitan statistical areas (MSAs),

defined by the Bureau of the Census, contain 20 percent of the

US land area and 83 percent of the US population (US Census

Bureau, 2010). The MSA is the modern stand-in for von Thü-

nen’s urban center. In 2007, MSAs contained 30 percent of all

farms by number, but 40 percent of all farm assets while con-

taining only 18 percent of all farmland by acre (USDA 2007).

Metropolitan counties lead other counties in sales of high-value

crops, such as cotton, fruits, vegetables, and nursery/green-

house products. Fringe metro counties also ranked first in poul-

try, dairy, and other livestock product sales (von Thünen’s first

ring). Conversely, nonadjacent nonmetro counties led in sales

of grains, cattle, and hog products (von Thünen’s third and

fourth rings). Thus, the highest-value crops are located closest

to their urban markets as von Thünen predicted.

The limiting factor to urban expansion in von Thünen’s

model is the value of the inner most ring of high-value crops.

If the crops fetch lower prices than residential housing mar-

kets, agricultural land uses will be replaced with urban land

uses. Following von Thünen’s early work in rural morphology

classifications, Hart (1976, 1991) explained the dynamics of

urbanization on rural development as “bow waves” that

spread into agricultural buffer zones on the rural–urban

fringe. He defined peri-urban agriculture as “the zone of

intensively cultivated, high-priced agricultural land that

always remains in front of the expanding urban edge. The

high price and the intensive cultivation of the agricultural land

in the bow wave stem entirely from location, not from any

inherent quality of the soil. The agricultural activities of the

bow wave simply move farther out when the land is converted

to urban use, as inevitably it will be” (Hart 1998, 328). This

urban interface shapes the land rents, quantity, commodity

type, and organization of agricultural production (Heaton

1980; Audirac, Furuseth, and Lapping 1999).

Data-driven models have shown that when the values of

inner-ring crops are high enough, they can deter urban expan-

sion (Fulton and Pendall 2001; Butler and Maronek 2002; Tho-

mas and Howell 2003; Angel et al. 2005). Brueckner and

Fansler (1983) find that US cities are less expansive in regions

where farmland has greater value. Conversely, in a study of a

Minnesotan metropolitan statistical area, Pyle (1985) found

that the construction of exurban homes is correlated to

depressed agricultural markets. More broadly, Angel et al.

(2005) found that doubling the value produced per hectare

results in a 26 percent decline in land conversion to urban uses

when assessing the urban growth of ninety global cities. In

essence, the agricultural sector is behaving as theorists pre-

dicted in response to the urban interface even with advance-

ments in transportation and energy; it is, instead, urban theory

that needs readjusting.

Theory of Rural–urban Land-use Transition

The dynamics of rural–urban population change can be divided

into two broad paradigms: rural people move into cities

(Albrecht and Murdock 1990; Bradshaw and Muller 1998; Van

der Ploeg et al. 2000) or urbanites encroach upon rural lands.

While the rural-to-urban migration of human capital is of con-

cern to rapidly developing countries, this section of this article

will focus on the latter proposition, which has become the domi-

nant theory of urbanization in developed countries as more urba-

nites move to rural areas and convert lands to urban uses.

As urban development engulfs rural communities, multiple

theories of who populates the fringe have been posited. Some
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scholars posit that rural land competes with low-income and

middle-class families seeking housing bargains. Heimlich and

Anderson (2001) suppose that people move even farther from

cities in search of suburban jobs. Indeed, housing and job

growth in suburban areas have outpaced those in core urban

areas in America since 1969 (Isserman 2001).

Scholars also posit that immigrants to rural areas are the

wealthiest of urbanites; those who can afford the commute and

resettlement costs become “rural gentrifiers” (Phillips 1993;

Ghose 2004; P. B. Nelson, Oberg, and Nelson 2010). This

theory is lent credence by the observation that the flow of

wealthy urbanites into rural communities closely follows eco-

nomically prosperous periods (Champion 1988; Fuguitt 1985;

Fuguitt and Beale 1996) and caters to leisure markets (Rauws

and de Roo 2011). Rural gentrification has also been tied to

economic reorienting to the service sector, an aging baby

boomer population, proliferation of second homes, dissatisfac-

tion with suburban living, and the pursuit of a perceived higher

quality of life available in the countryside (Vias and Nelson

2006; P. B. Nelson, Oberg, and Nelson 2010).

To add to the complexity, scholars note that the influx of

wealthy professionals has stimulated parallel flows of low-

wage, typically immigrant, labor to nearby destinations (P. B.

Nelson, Oberg, and Nelson 2010; Sassen 2011). The increase in

housing and land values caused by rural speculation threatens

not only high-value crop lands but also forces low-wage sup-

porting service workers to commute from distant parallel loca-

tions where they can afford housing. The strongest critique of

growth boundaries is that they enable the wealthy to live on the

idyllic rural–urban interface and perpetuate conversion of other

rural lands for the supporting service sector (Downs 2001;

Anas and Rhee 2006, 2007). Similar dichotomies are seen in

Latin America as national migration influences rural settlement

patterns (Kay 2008).

The dual development of high- and low-income settlements

on the fringe is a feature, not a bug, in many centrally planned

countries. Apartheid planning in South Africa intentionally

created “shadow cities” on the fringe, where white and black

populations could settle separately (Cash 2014). China’s

national planning resulted in a rural mosaic of high-income

commuter towns and low-income shanty villages (Zhou and

Logan 2008). In all of the above cases, the fringe is a desirable

development site for all classes and races.

The environmental and social ramifications of rural

development have created conflict for many rural communities

(Taylor 2011) as well as the low-wage commuting workers

(P. B. Nelson, Oberg, and Nelson 2010) and the first wave of

rural gentrifiers who exhibit NIMBYism (Daniels 1999, 2014).

For those who relocate to remote exurban areas, there has long

been a warning about the ills poor health due to a car-dependent

lifestyle (Spectorsky 1955; Riesman 1957; Frumkin 2002). In a

broader sense, the dangers of exurban living are not limited to

the exurbanites themselves. Rural communities, highly produc-

tive farmland, and the best use of resources are sacrificed.

Rural land is more than null-value wilderness waiting for

development; it is a working landscape that includes

functioning farms and forests that serve both economic, his-

toric, and environmental purposes. Most importantly, in doc-

umenting the transition from rural to urban, scholars have

either tacitly or explicitly acknowledged that from the wealth-

iest to the poorest citizens, rural areas offer desirable

accommodations.

Joining Rural and Urban Theory

In the face of largely prourban dynamics (rural retreat, middle-

class urbanism advance, rural gentrification, and low-wage

rural immigration), agriculture has adapted to urbanization in

a way that counters the more general trends in the agricultural

sector. Agricultural economists note that agricultural sales per

acre increase in response to exurbanization to offset conversion

of land and as a result of access to new urban markets (Butler

and Maronek 2002; Thomas and Howell 2003). Farms near

urbanized areas produce more valuable products on less land

with more diverse ownership and greater farmer retention

(Heimlich and Brooks 1989; Heimlich and Barnard 1992,

1997; Heimlich and Anderson 2001). Heimlich and Barnard

(1997) find that the urban proximity influences agricultural

lands by increasing the prices for labor, land, and other primary

inputs while also promoting more regulations (such as environ-

mental protection). Farmers overcome these costs, taking

advantage of the new opportunity to work “urban jobs” by

converting to part-time farming (Heimlich and Barnard

1997). Small, labor-intense metropolitan farms may not pro-

vide the sole income of the family but give generous returns on

minimal investment when compared to conventional farming.

Producing more dollar value per acre, peri-urban farms also

retain a greater number of farmers. Isserman (2001) found that

metropolitan counties have retained 81 percent of their farmers

and farm employees from 1969 to 1997 compared to rural

counties’ retention of 71 percent.

Adaptive farming is characterized by cultivation of multi-

ple products and services; farms are small and are unlikely to

expand. Peri-urban farmers, unlike traditional farmers, do not

necessarily require more land, less labor, scale opportunities,

or monoculture specialization (Belleti et al. 2003; Wilson

2009). Instead, adaptive farmers seek to better market their

goods, while diversifying and intensifying production of

value-added commodities and services (Van der Ploeg et al.

2000) in what has come to be known as adaptive, pluriactive

(Moxnes Jervell 1999), or multifunctional farming (Renting

et al. 2008; Zasada 2011).

In addition to pressure to adapt, there are opportunities to

adapt on the fringe. Estimates from the Global South show an

estimated 35–50 percent of income for peri-urban farmers

comes from off-farm sources (Barrett, Reardon, and Webb

2001; De Janvry and Sadoulet 2001; Bryceson 2002; Rigg

2006; Reardon, Stamoulis, and Pingali 2007). The demand for

noncommodity farm services and direct marketing is the high-

est in peri-urban regions (Heimlich and Barnard 1997). Thomas

and Howell (2003) and Van der Ploeg and Roep (2003) suggest

that the increasing pressure and opportunity to adapt results in
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incentives to develop not only goods to market, but services

that valorize the multifunctional nature of farms, such as

pick-your-own fruits and agritourism. These new services and

products are not measured in traditional agricultural censuses,

leading to an undervaluation of peri-urban land (Brinkley

2012).

Agriculture has adapted to urbanization in a way that coun-

ters the more general trends in the agricultural sector. Could

fringe urbanism counter more general urban trends? What

repels urbanites from the city draws them to the fringe. Many

urban theorists are reluctant to identify this trend, instead view-

ing exurbanization’s break away from traditional agglomera-

tion centers as inevitable as cities reach their “optimal” size and

more density results in congestion (see, e.g., Howard 1902;

Kotkin 2005).

Combining urban and rural development theory generates

new focus on the urban fringe as an important and undertheor-

ized component in urban growth. While the highest economic

activity may occur in urban centers, evidence-based theory

suggests that the periphery plays an important, if indirect, role

in population growth and urban vitality. Fringe theory may help

explain the phenomena of urban areas growing in fractal-like

patterns, maximizing the urban interface (Batty and Longley

1994). There is increasing attention to urban morphology

(Lynch 1960) and particularly the urban edge (Garreau

1991). Yet, there are few studies that seek to explain both urban

and rural dynamics in tandem as fringe theory does. In order to

test this new theory of the importance of the fringe on urban

and rural vitality, I suggest a simple metric in rugosity.

Related Theories in Ecology

If rural and urban cannot be defined, how can the peri-urban

fringe by measured? A proxy can be found. Rugosity is a mea-

surement commonly used in ecology to approximate the com-

plexity of a topographic surface. For example, coral reefs grow

in intricate, three-dimensional morphologies in order to max-

imize nutrient exchange with the environment (Goreau and

Goreau 1959). The complex topography of a coral reef is esti-

mated by laying a transect line over the reef to generate an

indicator of its comparative rugosity. The measurement of a

coral reef’s rugosity is a useful indicator of surface area avail-

able for nutrient transport to coral polyps and hence coral reef

resilience and growth (Hoegh-Guldberg et al. 2007). As with a

coral reef, deciding the precise cutoff between reef/biome, or in

this case urban/rural, is useful for comparative studies and

multivariate regressions. In addition, there are numerous inter-

vening environs and flows of materials. Similarly, the com-

plexity of a reef’s fractal-like surface is what gives it the

ability to produce niche habitats for multiple species of inver-

tebrates and fish (Risk 1972). In this way, the structural com-

plexity of the reef benefits both the reef itself and the many

species that depend on proximity to it for food and hiding.

Like the use of rugosity in measuring coral reef topology,

the measure of the urban perimeter could offer a proxy for the

much more structurally and functionally complex urban edge.

Similar to a coral reef, if an urban area is considered as an

organism, as Jane Jacobs famously suggested (Jacobs 1961,

172), the urban perimeter would be the functional surface

through which a city absorbs a host of vital nutrients, such as

food, recreational services, and ecological benefits. One might

suppose that greater rugosity through longer urban interfaces

could allow ecosystem services to penetrate urban areas, sup-

plying water recharge and pollination, in addition to rural ame-

nities, such as viewsheds. This is the logic behind green

infrastructure planning (M. Scott and Lennon 2012). Similar

to studies correlating coral reef rugosity to coral growth, if a

city depends on the urban interface for vitality, then population

growth is expected to occur to a greater extent for cities that

have greater rugosity. By testing the concept of urban rugosity,

researchers can ascertain if the call to create more complexly

integrated urban and rural landscapes is justified (M. Scott and

Lennon 2012). Namely, does reconnecting cities with nature

overcome urban challenges?

Similarly, does more urban interface exposure present

greater opportunities for proximate rural areas? Direct mar-

keting in the United States is most associated with the north-

east and west coast, areas of the country with more urban

interface exposure (Low and Vogel 2011; USDA NASS

2012 Census of Agriculture). Farmers see a premium payment

from direct sales and benefit from large markets (Gale 1997;

A. Brown 2002), but we do not yet know how urban form

influences these relationships beyond proximity. Like fish

near coral reefs, farms can be viewed as organisms which

indirectly depend on urban areas. It is an old idea that farms

gain access to markets, labor, and culture through the func-

tional interface of the urban perimeter (Country Life Com-

mission 1911, 53). Yet, modern food systems scholars have

continued this call for agriculture to be physically and socially

embedded with urban areas in order to form a more resilient

and robust local economy (Hinrichs 2000; Brinkley 2013).

Rugosity offers an indicator for testing if the urban interface

is important to agricultural economies, diversity of produc-

tion, and social networks formed around food.

Due to the presumed functionality of the urban interface,

fringe theory offers three main principles that influence func-

tionality across the urban interface (Figure 1):

1. Interface exposure: The length of the urban interface.

2. Interface intensity: The density of various land uses and

resources on either side of the interface.

3. Interface permeability: The degree of resource diffu-

sion, which is subsequently related to the rate of flow,

distance of penetration, quality of resources, and result-

ing metabolism of resources.

Just as interface access matters to the flow of services and

goods between rural and urban lands, the quality and typologies

of land-use intensity influence functionality. Rugosity

describes the form between urban and rural lands, and “edge

effects” are the functions across various pairings at the bound-

ary of this form. Future research avenues would seek to
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quantify and qualify the economic, ecologic, and social edge

effects wrought by various land-use pairings. As the literature

review suggests, scholars have started to assess agricultural and

urban land-use pairings in terms of the impact on housing

values (Bergstrom and Ready 2009) and amenities (Brinkley

2012) through willingness to pay and hedonic housing value

studies. A more fine-grained approach would subdivide agri-

cultural uses by crop and livestock type in relation to urban

density and land uses, such as industrial, residential, and com-

mercial. A broader approach would also consider land-use pair-

ings with other rural land uses, such as natural areas,

waterways, public spaces, and forests.

The importance of rugosity in urban growth has antecedents

in spatial ecological theories and the study of landscape ecol-

ogy (Forman and Godron 1986; Wu and Loucks 1995). Holling

(1992) proposed that communities of organisms have evolved

to exploit the environmental texture of their landscape. In much

the same way, cities have evolved from exploiting their sur-

rounding resources. Urban historian, William Cronon, has

neatly summarized how transit lines and crop production have

impacted the size and function of various Midwest cities

(Cronon 1991). Similarly, Holling’s textural discontinuity

hypothesis posits that because resource distribution is discon-

tinuous across landscapes, colonies—like cities—should

reflect this discontinuous pattern and vary in form and function

in response to resource availability (J. U. Marshall 1997; Milne

et al. 1992; O’Neill et al. 1991). Rugosity can be used to

explain ontologically why cities form certain morphologies in

response to their resources. Yet, urban areas are as much a

consequence of as an influence on their surrounding resources.

Moreover, cities are often planned. To this end, the concept of

rugosity may also be useful in guiding urban growth to take

better advantage of the surrounding local environment.

Testing Fringe Theory: An Analytic Agenda

This understanding of the functional barrier between urban and

rural lands yields a new research agenda for planning that

parallels rugosity studies in ecology. In sum, the derived theory

both explains phenomena and can be tested. For example, the

rugosity of the urban interface could be measured by satellite

imagery of urban land uses, impermeable surface, or the outline

of city boundaries. Fringe theory is readily connected to spatial

planning with advances in remotely sensed satellite imagery,

development of geographic information systems (ESRI first

released ArcGIS in 1982.), and spatial statistical methods (For-

tin and Dale 2005).

To this end, the evolving understanding of urban metabo-

lism lacks a metabolic barrier in both conception and study (for

review, see Newell and Cousins 2016); fringe theory and the

practical application of rugosity fill this void. The perimeter of

census-defined urban areas can be correlated to urban growth,

population growth, and socioeconomic conditions. Similarly,

the length of the urban perimeter can be spatially correlated to

farmland tenure or other rural economic development indica-

tors to assess rural vitality in relation to the urban interface.

Whatever the proxy, as long as it is deployed comparatively,

social scientists and planners can learn more about the role of

the fringe in population growth, economic development, and

ecosystems services. Planning for the fringe will undoubtedly

benefit from empirical evidence on its function.

Adjusting Planning Practice

I conclude with a description of how greater rugosity can be

achieved with current planning tools and reference the success

of real cases. Just as McHarg (1967) considered the layers of

urban uses and Duany and Talen (2002) championed the con-

cept of urban transects, rugosity offers another method of view-

ing the shape of urban areas for both research and practice

(Figure 2). Concentric growth, the common theoretical growth

vision, minimizes the rugosity of the urban interface. This the-

ory often plays out practically in planning with concentric

greenbelts or concentric urban growth boundaries that have

been criticized for choking urban development and limiting the

desirable fringe to a wealthy few (Blinnikov et al. 2006; Anas

and Rhee 2006, 2007; Kotkin 2009). Conversely, creating

“green wedges” (Caspersen, Konijnendijk, and Olafsson

2006) throughout urban areas can maximize the rugosity of the

urban form, putting it in contact with highly desired rural lands.

Planners who recognize the value of the fringe could also

maximize interface exposure and intensity by supplying the

housing market with high-density fringe development as

opposed to low-density development. For example, planners

could encourage high-occupancy development in condos on

the urban interface (see Figure 2) as is commonly done in

Scandinavian planning. These suggestions counter the prevail-

ing wisdom of the tapering Duany transect models, where

fringe development consists of detached single-family homes

(Duany and Talen 2002). Indeed, there is some evidence to

suggest that high-density fringe development would be wel-

comed by home shoppers. While the attraction of rural natural

amenities is found to increase urban decentralization by draw-

ing development further from the urban core (Deller et al.

2001; McGranahan 1999; Shumway and Otterstron 2001),

researchers have found that development often concentrates

around natural amenities (Irwin and Bockstael 2007). Theobald

(2005, 32) recognizes that exurbanites often locate “adjacent to

or nearby ‘protected’ lands meant to conserve natural resources

and biodiversity.” Thus, preserving key amenities, farms, wild

space, and scenic rural viewsheds will create a market for

nearby dense fringe development that maximizes the economic

potential of the land while preserving the natural heritage. In

this sense, fringe theory changes offer a tweak to the planning

paradigm. Although planning policies usually support compact

urban form and farmland preservation, plans often fail to sup-

ply these land uses adjacent to one another.

High rugosity development patterns can be encouraged

through an established tool kit of formal planning measures,

such as nonconcentric urban growth boundaries, land preserva-

tion, and agricultural zoning. When a high-rugosity boundary

cannot be permanently drawn, planners can encourage
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high-rugosity contiguous urban growth through informal sup-

portive planning measures, such as special assessment fees

levied for new sewer lines into rural areas, payment for eco-

system services, farmland special assessment protection, eco-

nomic support and outreach, tax breaks for agricultural land

uses, and right-to-farm laws. Regulations that limit low-

density exurban growth are also necessary to retain successful

dense urban areas. A few planners (Daniels and Bower 1997)

have long championed regulations to curtail exurban growth

and revitalize urban areas through a combination of zoning,

growth boundaries, and farmland preservation. The high cost

of fuel is also a commonly regulated commodity that influ-

ences land use and promotes dense urban settlement patterns

(Angel et al. 2005).

Examples

Although this article is primarily theoretical, it would be remiss

not to point to examples of high-rugosity planning that merit

further comparative analysis. Copenhagen’s Finger Plan

(Egnsplankontoret 1947; Figure 4) was first developed in

1947 as a method of linking suburban commuter transit to

Copenhagen, while keeping agricultural and recreational green

wedges (Brandt 1995; Vuk 2005). In this plan, the urban

“fingers” are separated by rural land-use wedges. After over

seventy years, Copenhagen’s fingers have grown squat, but the

form is intact and hailed as a model transit plan (Greater

Copenhagen Authority 2004) with ready access to many rural

amenities and ecological services (Caspersen, Konijnendijk,

and Olafsson 2006). This high-rugosity urban morphology was

wrought from long-term planning policies at the regional and

local level. Key among the Danish policies were support and

protection of farming operations through financial incentives

and planning regulations to guide high-density development on

the fringe.

US examples include the Portland Urban Growth Boundary

and the 1980s green wedges plan of Montgomery County,

Maryland. To preserve the wedges of green, the county down-

zoned over 90,000 acres to one dwelling per 25 acres and put in

place a very successful development rights transfer program to

preserve more than 70,000 acres of farmland and green space

within the designated wedges. Similarly, Baltimore County,

Maryland, has created a network of preserved rural lands that

meshes together with contiguous urban settlements. It must be

said that while the above examples have promoted high-

rugosity planning, none have done so with the direct aim of

increasing exposure to the rural–urban interface.

Conclusion

Through this century, development trends have indicated the

desirability and profitability of the fringe. Early federal plan-

ners identified a suitable landscape treatment that would have

benefited cities and rural areas alike by intermingling farmland

with urban development. Planning theory and practice took

another route, allowing, and sometimes advocating for low-

density exurban growth.

Rural–urban spatial interdependencies are not new (Sorokin

and Zimmerman 1929; Jacobs 1984), but the call to strengthen

them by allowing more contact is new. Although social scien-

tists have drawn attention over the last two decades for the

propensity of urban areas to grow like fractals (Batty and Long-

ley 1994), they have not acknowledged that this growth pattern

may be desirable. Although land preservation as a growth man-

agement tool is not new (Daniels and Lapping 2005), the notion

of drawing a growth boundary with high rugosity instead of a

circular buffer builds on more recent calls to integrate urban

areas with green infrastructure (M. Scott and Lennon 2012).

Economists have similarly suggested developing land in

“fingers” to ensure that value stays in both the rural and urban

areas (Brueckner 2001; Angel et al. 2005).

This new theory of urban development counters the prevail-

ing notions in urban planning, calling, instead of increased

interaction and functionality across the urban interface. This

combined rural–urban theory not only explains the current phe-

nomenon of decentralization, disinvestment in center cities,

and amenity valuation of rural lands but opens predictions for

future land-use models that would allow for urban expansion,

farmland adaptation, and increased urban rugosity to maximize

value generation through rural–urban collaboration.
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