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Abstract: One of the major consequences of expansive urban growth is the degradation and loss of 
productive agricultural land and agroecosystem functions. Four landscape metrics—Percentage of 
Land (PLAND), Mean Parcel Size (MPS), Parcel Density (PD), and Modified Simpson’s Diversity 
Index (MSDI)—were calculated for 1 km × 1 km cells along three 50 km-long transects that extend 
out from the Adelaide CBD, in order to analyze variations in landscape structures. Each transect has 
different land uses beyond the built-up area, and they differ in topography, soils, and rates of urban 
expansion. Our new findings are that zones of agricultural land fragmentation can be identified by 
the relationships between MPS and PD, that these occur in areas where PD ranges from 7 and 35, 
and that these occur regardless of distance along the transect, land use, topography, soils, or rates 
of urban growth. This suggests a geometry of fragmentation that may be consistent, and indicates 
that quantification of both land use and land-use change in zones of fragmentation is potentially 
important in planning. 

Keywords: urban-to-rural gradients; agricultural land-use; land fragmentation; urban fringe; Mean 
Parcel Size; Parcel Density 

 

1. Introduction 

Projections suggest that over two-thirds of the world’s population will live in urban centres by 
2050 [1], and that a major part to this growth will be due to people migrating from the  
countryside [2–4]. Over the last 30 years, the global rate of urban land occupation [5,6] has been 
double the rate of urban population growth [7]. Agricultural land loss due to urbanization has been 
highlighted by a number of researchers [8–14], and has raised a number of environmental concerns; 
e.g., declining quality of soil and water assets, loss of natural habitat, decreased plant and animal 
diversity, and compromised ecological functions [15,16]. The urban sprawl that can be anticipated 
(given urban population projections) will increase demands for land for housing, industry and 
infrastructure; thereby consuming more agricultural land at the edges of cities [2,17,18]. This will lead 
to irreversible and unsustainable land–use transitions at the cost of productive agricultural land in 
peri-urban areas [19–21], where open spaces and scarce remnant ecosystems with high ecological and 
conservation values are already threatened [22]. 

Urban fringes—the transitional zones between urban and rural areas [23]—are characterized by 
highly dynamic, spatially heterogeneous land-use and land-cover changes [24,25]. This takes place 
because of the relatively lower land prices in these zones and the high frequency of land tenure 
change [26,27]. Compared to urban environments, the faster rates of housing and infrastructure 
growth and the higher proportion of remnant ‘green’ spaces lead to different landscape structures at 
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the fringe. Research has also demonstrated that urban growth leads to increased land fragmentation 
[28] and landscape diversity [29] in these areas. The diverse arrays of land uses that result from these 
processes create spatially heterogeneous, complex land-use configurations [30–34]. However, a 
concern for planners and people implementing land management policies in urban fringe 
environments is that the quantitative land-use data they require is often accompanied by relatively 
low levels of accuracy [35,36]. 

A recent development in understanding the influence of urbanization on land use has been the 
use of urban-to-rural gradient analysis [34,37,38]. This concept originated as a combination of 
elements drawn from landscape ecology and urban ecology [39,40], and has been used to synthesize 
complex anthropogenic land transitions worldwide [31,34,41–47]. The continuous representation of 
land-use intensity and the spatial arrangement of land use along gradients is more effective in land-
use planning than conventional, discrete spatial measurements [48]. Urban-to-rural gradient analysis 
is also useful for examining gradual landscape change at urban fringes. The approach has other 
advantages, e.g., in environmental modeling it is used to minimize subjectivity in categorizing 
variability, and in describing ecological processes at urban fringes [49]. It is also used to represent 
land-use as a gradient and for measuring the spatial attributes of land parcels along gradients, both 
of which improve our ability to interpret landscapes [31,50]. Geographically-referenced points along 
gradients enable spatial and non-spatial data to be aggregated for systematic landscape comparisons 
[51–53]. Finally, these continuous information gradients can be utilized to understand landscape 
structures and potential land-use variations in complex land systems.  

Landscape metrics calculated along these gradients have been used to identify land structure 
elements, and their changing patterns, to describe the effects of urban development at the margins of 
several cities [31,34,42]. Vizzari and Sigura [48] claim that gradient analyses enable interactions 
between land-use types to be identified precisely when exploring land transitions. In this research, 
landscape structure is defined as the spatial configuration of land parcels (i.e., their size and spatial 
arrangement) and their composition (land-use presence and amount of each land parcel in the 
landscape) [54].  

This paper reports the application of urban-to-rural gradient analysis to understand agricultural 
land fragmentation at the urban fringes of Adelaide. In previous research, landscape metrics have 
been plotted along transects, but the relationships between them have not been integrated into 
gradient analyses. Four landscape metrics—Parcel Density (PD), Mean Parcel Size (MPS), Percentage 
of Land (PLAND) and Modified Simpson’s Diversity Index (MSDI)—were used to quantify and 
characterize land fragmentation along transects extending from the Adelaide CBD into surrounding 
rural areas. A novel element of the research is the quantitative analysis of agricultural land-use 
presence in zones of active land fragmentation at the urban fringe. In this context, urban-to-rural 
transects were used as georeferenced land-use information gradients that integrate measurements of 
land-use, while simultaneously examining landscape structure and land-use changes. 

2. Materials and Methods 

2.1. Study Area 

Adelaide—the capital of South Australia—is a coastal city surrounded by sprawling residential 
and modern industrial suburbs to the north and south. In addition, satellite towns to the east and 
north, Mount Barker and Gawler (Figure 1), are being incorporated into the urban fabric of the 
metropolitan area. Adelaide’s fringes are urban frontiers that impinge on intensive horticulture and 
dryland agriculture in the northern plains; a conservation green belt with mixed agricultural land use 
in the Adelaide Hills to the east; and traditional agricultural areas focused around high value, 
globally-recognized wine regions to the south (McLaren Vale) and north-east (Barossa Valley). 
Population growth and economic diversification are increasing the demand for land for housing, 
transport and industrial infrastructure. In turn, this has led to significant pressure on adjacent 
productive agricultural land. 
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Figure 1. Land-use distribution in Adelaide and its surrounding areas (Source: DPTI 2014). The urban-
to-rural transects are overlain in red. The inset map to the right shows an enlargement of the urban-
to-rural transect south of the city. 

The variations in rural land use at the northern, eastern and southern margins of Adelaide 
provide a heterogeneous setting in which to test urban-to-rural gradient analysis. Transects were 
used to sample land-use gradients 50 km outwards from the Adelaide CBD in northerly, easterly and 
southerly directions (Figure 1).  

Previous researchers using gradient analysis [31,55] have mapped urban-to-rural gradients 
along transport corridors. It is probable that this leads to a bias toward the investigation of urban 
land use. However, as this paper’s research focus is on the incorporation of different types of 
agricultural land into an expanding urban area, it was decided to maximize the agricultural land use 
considered in the gradient analysis. Therefore, they were not oriented along main routes out of 
Adelaide, but in three cardinal directions. In fact, there are many routes out of Adelaide, which are 
orientated in a variety of directions. Therefore, each of these transects has some transport corridor 
influence. The transects were sampled over 50 km so that they are comparable and of sufficient length 
to cover all the types of parcels where agricultural land is being incorporated into the urban fabric of 
the city.  

This study uses a single statewide cadastral dataset produced by the South Australian 
Government’s Department of Planning, Transport and Infrastructure (DPTI) in 2014, which is 
publically available online (http://data.sa.gov.au). The primary purpose of this dataset is to assess 
council rates and levies based on land parcel valuations. The attributes of the dataset that are 
pertinent to this research are: land parcel identity codes; land-use categories; and the land-use classes 
occurring in each of the land parcels. It contains nineteen land-use categories (Table 1), which were 
regrouped into eight land-use classes for the purposes of this research. Sixteen categories were 
regrouped into five land-use classes—Conservation, Urban residential, Rural residential, 
Commercial and Services. Three categories—Dryland agriculture, Livestock land and Horticulture 
land—were not changed. 
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Table 1. Scheme used to reclassify land-use categories in the cadastral dataset (2014) to land-use 
classes for this research. 

Original Land-Use Categories * 
Reclassified Land-Use Classes  

(the numbers in parentheses are used in subsequent graphs) 
Reserve, Forestry, Vacant Conservation (1) 

Agriculture Dryland agriculture (2) 
Livestock Livestock (3) 

Horticulture Horticulture (4) 
Commercial, Food Industry, Mine and Quarry, Public Institution, Commercial (5) 

Residential, Non private residential, Vacant residential Urban residential (6) 
Rural residential Rural residential (7) 

Education, Golf, Recreation, Utility Industry Services (8) 

* Land categories defined in the South Australian government cadastral data set in 2014.  

2.2. Urban-To-Rural Gradients at Urban Fringes 

Urban-to-rural gradients [34] were used to visualize and analyze land use along three 50 km 
long transects, each of which comprise 50 1 km × 1 km cells. ArcGIS© 10.2.1 (ESRI: Redlands, CA, 
USA) was used for all spatial data analyses. The 1 km2 cell-based transects were produced using the 
Fishnet tool by defining the spatial areas for cell references. They were overlain on the cadastral 
dataset and land-use information extracted for each cell. These data were then compiled using the 
tabulation tool in ArcGIS spatial analyst extension. Each cell in the resulting dataset includes a unique 
identifier and the areas of each of land-use class (Table 1) within each cell.  

Landscape metrics have been used extensively in conservation biology, but their application in 
land-use research to measure, characterize, analyze, and visualize landscape structure is far less 
common, particularly in urban areas [41,56–58]. Four landscape metrics were calculated from the 
attributes for each cell in the three transects (Table 2). The percentage of each land-use class in each 
cell (PLAND) provides data on compositional changes in land use along the gradients. MPS and the 
PD are measurements of key spatial features along the transects. Finally, MSDI is a measure of the 
proportional abundance of the land-use classes in each cell, and is an indicator of land-use diversity. 
Plots of each of the metrics for each gradient enabled landscape structures to be visualized  
and analyzed.  

Table 2. Landscape metrics used for spatial feature characterization. 

Metric Description Range Equation 

Percent of land-use coverage 
(PLAND) [%] 

The proportion of the total area 
occupied by a particular land-use 

class. 
0< PLAND ≤ 100 ௜ܲ = 	෌ ܽ௜௝௡௝ୀଵܣ	 	(100) 

Modified Simpson’s Diversity 
Index (MSDI) 

A measurement of land-use 
diversity in a cell determined by 

the distribution of the 
proportional abundance of 

different land-use types (parcel 
richness) extensively. 

MSDI ≥ 0 MSDI = −݈݊෍ ௜ܲଶ௡
௜ୀଵ  

Mean Parcel Size (MPS) [ha] 
The average area of all land 

parcels in the landscape. 
MPS > 0 MPS	 = ෌ ௝ܽே௝ୀଵN 110,000 

Parcel Density (PD) [N/km2] 
The number of land parcels per 

100ha. 
PD > 1 PD = ܣܰ (10,000)(100) ௜ܲ = proportion of the landscape occupied by parcel land-use type i, ܽ௜௝ = area (m2) of parcel ij, ௝ܽ = 

area (m2) of parcel j, A = total area of the landscape (m2)—cell, i = land-use class (1–8), j = number of 
parcels, n = ݊௜ = number of parcels in the landscape (cell) of parcel land-use type I, N = number of 
parcels in the landscape. (McGarigal and Marks, 1995).  

2.3. Landscape Matrix Analysis 

The relationships between MPS and PD were investigated to examine the extent of land 
fragmentation with distance along each transect. The associations between MPS and PD demonstrate 
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probable land structure variations in the landscape, and trend lines were used to visualize the nature 
of the relationships between MPS and PD.  

The study area contains the following median land parcel areas: LL (Livestock land) (59 ha), DL 
(Dryland cultivation) (50 ha), and HL (Horticultural land) (12 ha). HL has a minimum size of 2.5 ha, 
which probably represents intensive irrigated vegetable cultivation or small vineyards. The median 
(12 ha) to minimum (2.5 ha) size of HL land parcels allows the range in the number of agriculture-
based land parcels which are likely to occur in a 1 km2 (100 ha) cell to be estimated. Horticultural land 
(HL) was used to define the PD range between 7 and 35 N/km2, because it is the agricultural land-use 
type with the smallest median parcel size. Therefore, it is the land-use class that will provide the 
maximum number of land parcels in a 1 km2 (100 ha) cell. It is believed that this range of values 
indicates a high potential for transforming agricultural to urban land-uses at urban fringes. This is 
due to high property values, proximity to built-up areas, and that they frequently experience 
government-promoted land subdivision and land re-zoning for urban development. Rauws and De 
Roo [26] have identified these land-use change drivers as “pull factors” which are influenced by 
urban economies converting non-urban land uses to urban form at the peri-urban areas. Therefore, 
in the scatter diagrams, a common range of PD from 7 to 35 N/km2 is used; where a 1 km2 cell can 
have 7 to 35 land parcels/km2 that are highly vulnerable to change in land use. The agriculture-based 
land parcel information associated with the cells from the land cadastral dataset was extracted within 
this range of patch densities.  

3. Results 

Landscape metric values were plotted along the three urban-to-rural gradients; north (N), east 
(E) and south (S); PLAND in Figure 2, MPS and PD in Figure 3, and MSDI in Figure 4. PLAND values 
for the eight land-use types (Figure 2) illustrate the variations in land-use composition along the 
transects, thereby demonstrating the urban, peri-urban and rural characteristics of these transects. 
The PLAND values along these three transects show high percentages of urban land uses near the 
city centre, a gradual change to higher percentages of agricultural land uses at the end of the transects, 
and a heterogeneous mix of land-use types in the peri-urban areas. MPS and PD have a negative 
relationship (Figure 3), with greater MPS values being associated with lower PD values. Figure 5a 
illustrates the association between MPS and PD of the land parcels for each transect. Figure 5b shows 
the relationship between PD and MPS in the ranges 0–40 N/km2 and 0–80 ha, respectively, for each 
transect. MSDI is somewhat similar between transects (Figure 4), and shows that diversity generally 
declines with distance from the CBD. However, it is noteworthy that the southern transect has 
relatively lower landscape diversity than the other two. 

3.1. Agricultural Land-Use Presence 

The PLAND values for Dryland agriculture (DL), Livestock land (LL) and Horticulture (HL) 
along the three transects are shown in Figure 6. The northern transect shows three distinctly different 
zones of land use. The built-up area, between 0–15 km, has low agricultural PLAND for the three 
agricultural land uses, and high PD and low MPS. Between 15 and 37 km the agricultural land-use 
percentages are HL (61.4%), DL (31.6%), and LL (6.8%). These represent mainly intensive vegetable 
production, rain-fed cereal cultivation, and sheep and horse grazing, respectively. This 22-km long 
zone presents a typical urban fringe landscape structure, with increasing MPS and decreasing PD. 
The landscape beyond the fringe (>37 km) is dominated by Dryland agriculture, and mainly 
comprises rain-fed wheat, barley and olive groves, which occupy large land parcels in a rural 
landscape. Land-use presence in the zones of high fragmentation is provided in Figure 7. 
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Figure 2. PLAND: north (N), east (E) and south (S) transects.  
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Figure 3. Patch Density (PD) and Mean Patch Size (MPS): north (N), east (E) and south (S) transects. 
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Figure 4. Modified Simpson Diversity Index: north (N), east (E) and south (S) transects. 
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(a)

(b)

Figure 5. (a) MPS-PD plots: north (N), east (E) and south (S) transects. (b) Enlargements of MPS_PD plots in the 7 < PD < 35 range. 
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Figure 6. Percentage of the total land area occupied by each agricultural land-use type: north (N), east (E) and south (S) transects. 

 

Figure 7. Areas prone to land fragmentation between PD 7 and 35 for each transect. 
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The first 10 km of the eastern transect represents the built-up areas of eastern Adelaide. The three 
agricultural land-uses of the Adelaide Hills—sheep and cattle rearing (LL, 52.7%); vegetable 
cultivation, fruit orchards and wineries (HL, 38.5%); and rain-fed crops (DL, 8.7%) characterize the 
transect from 11 to 32 km. The MPS of the land parcels in this hilly terrain are relatively small. 
Livestock land and Dryland cultivation dominate the transect beyond 33 km. 

The southern transect is significantly different from the northern or eastern transects in terms of 
agricultural land use. Beyond the built-up area, which covers the first 18 km of the transect, LL and 
HL have much higher shares of the overall land use than DL. The landscape from 18 to 33 km has an 
agricultural land use split of HL (60.1%), LL (39.2%), and DL (0.7%). This combination characterizes 
the complex land use of McLaren Vale, which has transitioned from a mixed grazing and 
horticultural region, to one of vineyards and olive groves, with some grazing being retained at the 
margins. The amount of LL increases in the landscape beyond 33 km. However, in these final 17 km, 
PLAND values of Rural residential land and Urban residential land increase, leading to 
correspondingly higher MSDI values. The changes in these metrics demonstrate the influence of the 
town of Victor Harbor, which is located beyond the end of the transect. Table 3 summarizes 
agricultural land presence in the three transects: 

Table 3. Summary of the agricultural land along the three gradients. 

Transect Built-Up Area Urban Fringe Areas Rural Areas 

North 

0–15 km. Low 
PLAND, high PD 
and low MPS for 
DL, LL and HL 

15–37 km. HL (61.4%), DL (31.6%) and LL (6.8%) 
representing mainly intensive vegetable production, 

rain-fed cereal cultivation, and sheep and horse 
grazing respectively. 

>37 km. Dominated by DL (rain-fed wheat, 
barley and olives) which occupies large land 

parcels. 

East 

0–10 km. Low 
PLAND, high PD 
and low MPS for 

DL, LL, HL. 

11–32 km. LL (52.7%), HL (38.5%) and DL (8.7%) 
representing sheep and cattle rearing; vegetable 

cultivation, orchards and wineries; and rain-fed crops 
respectively. Relatively small MPS compared to other 

rural areas due to hilly terrain. 

>32 km. Dominated by LL and DL. 

South 

0–18 km. Low 
PLAND, high PD 
and low MPS for 

DL, LL, HL. 

18–33 km. HL (60.1%), LL (39.2%) and DL (0.7%) 
representing the complex land use of McLaren Vale 
which has transitioned from a mixed grazing and 

horticulture region to a vineyards and olive groves 
with some grazing retained at the margins. 

>33 km. High proportions of land in LL (cattle 
grazing). Increase in PLAND for residential 

land uses, and higher MSDI values at the end 
ofthe transect due to the influence of the town 

of Victor Harbor. 

The total amount of agricultural land in each transect is summarized in Figure 8. The eastern 
transect has the highest amount of agricultural land (2558 ha, 51.2%), comprised of 11% DL, 70% LL 
and 19% HL. The southern transect has the lowest amount of agricultural land (1583 ha, 31.6%: 4% 
DL, 53% LL, 3% HL). The northern transect has 1979 ha (39.6%) under the three types of agricultural 
land-use, and is dominated by Dryland cultivation, accounting for 66% of all agricultural land. 

 

Figure 8. Total agricultural land extent and the land use type percentages in the north (N), east (E) 
and south (S) transects.  
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3.2. Agricultural Land Fragmentation 

MPS and PD were used to characterize agricultural land fragmentation along each transect. In 
considering the zone where PD ranges from 7 to 35 N/km2, the critical zones for land fragmentation 
in the northern and eastern gradients extend for 15 km and 20 km, respectively (Figure 7). This zone 
is disjunctive in the southern transect, and extends from 19 km to the end of the transect. Figure 9 
shows the amount of land occupied by the agricultural land uses in the zones of land fragmentation 
for each transect, while Figure 9 shows the corresponding percentage data. The total amounts of 
agricultural land of all types in the zones of high fragmentation are: 935.1 ha, 1311.9 ha and 825.7 ha 
for the northern, eastern and southern transects, respectively. Figure 10 displays the amount of each 
class of agricultural land in the zones of fragmentation. Horticultural land comprises a large 
component in each transect, and dominates the northern transect. Livestock grazing accounts for the 
highest proportions of agricultural land in the zones of high fragmentation in the eastern and 
southern transects, but is a minor element in the northern transect. Dryland agriculture has a low 
presence in the zones of fragmentation in all three transects. This is only encountered with any 
frequency in the northern transect, where there is significant contemporary urban fringe formation 
on land formerly used for rain-fed cereal cultivation on the Northern Adelaide Plains. 

 

Figure 9. The agricultural land extent and the land use type percentages in the zones of high  
land fragmentation. 

 

Figure 10. The extent of DL, LL, HL in zones of high land fragmentation: north (N), east (E) and south 
(S) transects.  
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4. Discussion 

Weng [42], in applying gradient analysis, found that landscape fragmentation is positively 
correlated with the degree of urbanization, and results in agricultural land loss at urban fringes. 
Therefore, as agricultural land is generally the major land-use category beyond the fringe, it is the 
major land reserve for meeting the land demands of urban development in sprawling cities such as 
Adelaide. Moreover, fragmentation is the key spatial manifestation of the process of incorporating 
agricultural land into transitional, urban fringe landscapes.  

This research confirms the presence of agricultural land along all three gradients, and that 
fragmentation can be easily visualized and quantified using a combination of gradient analysis and 
landscape metrics. It is the first application of these techniques in the Australian context. More 
importantly, this research provides an advance on previous analyses of the incorporation of 
agricultural land into the urban fabric of cities, by comparing the conversion processes acting on three 
types of agricultural land (Dryland agriculture, Livestock grazing and Horticulture). 

4.1. Land Structure Analysis along Gradients 

This research presents a novel method for investigating agricultural land fragmentation at the 
urban fringe, by analyzing the associations between mean patch size and patch density. 
Notwithstanding the differences in the land-use geographies along the transects, scatter plots of MPS 
and PD for the three transects showed similar patterns of cell organization with respect to patch 
density and mean patch size. Cells associated with the horizontal parts of the trend lines (Figure 5) 
indicate low levels of association between MPS and PD; e.g., a decline in MPS from 400 ha to 
approximately 100 ha leads to very little increase in PD, which remains at <7 N/km2. When PD reaches 
approximately 35 N/km2, further increases are not accompanied by significant changes in MPS, i.e., 
the vertical parts of the trend lines in Figure 5. This means that the zone bounded by PD values of 7 
to 35 N/km2 is a critical zone of land fragmentation in which the relationship between MPS and PD is 
very sensitive. For example, a decrease of one hectare in MPS leads to an increase in PD of 0.52 N/km2 
(in the northern transect), 0.54 N/km2 (eastern transect), and 0.33 N/km2 (southern transect) in  
this study. 

The cell values that correspond to the zone of high fragmentation are well distributed in the 
northern and eastern transects (Figure 5b). This indicates that large land parcels are being fragmented 
in a regular and incremental manner to create progressively smaller parcels, and that the resulting 
increases in PD are responses to rapid urban development to the north and east of Adelaide. More 
clustered cell values in the southern transect indicate a differently organized landscape structure. The 
corresponding cell values in the southern transect cluster between a MPS of 22–70 and PD of 7–5. It 
is believed that this pattern derives from an urban fringe that is characterized by larger land parcels 
that can be attributed to the size of vineyards and planning restrictions on the post-sale use of 
vineyards due to the implementation of the Character Preservation (McLaren Vale) Act 2012 [59]. That 
is, fragmentation is not occurring at the same rate or in the same way as it is on the eastern and 
northern fringes of the city. 

Overall, the results demonstrate that it is the contemporary land-use transformation processes 
that explain the landscapes metrics measured. This validates the use of landscape metrics derived for 
cells along transects to characterize landscape structures. For example, the urban fringe to the south 
has a lower MPS for agricultural land than in the north and east; and that the difference is due to the 
high frequency of vineyards in the south compared to the dominance of dryland cereal fields in the 
north, and extensive grazing areas and fruit orchards in the east. Furthermore, this method can be 
used to understand the influences of regional towns on land-use transitions—a point that is rarely 
considered in peri-urban studies [48]. For example, in the southern transect, the influence of the town 
of Victor Harbor on land fragmentation and land-use changes near the end of the transect is clear in 
comparison to the other two transects.  

If landscape metrics are to be used effectively in assessing land fragmentation at urban fringes, 
it is imperative that they are calculated for all cells and plotted along the entire transect, rather than 
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simply focusing on the peri-urban areas. This allows emerging and existing areas of fragmentation 
to be identified objectively through the behavior of metrics. 

4.2. Agricultural Land in the Areas of Fragmentation 

The agricultural land types in the zones of high land fragmentation are, in order of decreasing 
area, Horticulture, Livestock grazing and Dryland cultivation. This differs from the total distribution 
of agricultural land along the three transects, which in order of decreasing area, are Livestock grazing, 
Horticulture and Dryland cultivation. This change in order highlights the importance of quantifying 
the agricultural land in high fragmentation zones, rather than analyzing agricultural land along an 
entire transect—particularly if the results are being used to make strategic land-use decisions 
regarding urban fringes.  

It can be argued that quantifying agricultural land in fragmenting areas, instead of the total land 
presence, will improve planners’ understanding of the vulnerability of agricultural land in these 
transitional landscapes. For example, land under Dryland cultivation has the highest land-use 
presence in the northern transect, but only 20% of that land-use class in the transect is prone to 
fragmentation. The fact that agricultural land fragmentation occurring at the fringes of Adelaide can 
be identified and characterized using gradient analysis and landscape metrics (regardless of the 
different characteristics of the northern, eastern and southern transects) is testament to the robustness 
of the method. Moreover, different spatial configurations of land parcel arrangements can be 
identified. Figure 10 provides data on the proportions of different land-use classes in the three 
transects. These data reveal the importance of quantifying the individual land-use class 
measurements to identify the detailed land structure elements in these complex landscapes. Vizzari 
and Sigura [48] argue that whole gradient analysis is required in rural-to-urban analyses. Urban 
expansion in Australian cities occurs in less complex landscapes than those in world regions 
chararcterised by high levels of urbanization or rapid urbanization and unprecedented levels of 
development in tangled webs of complex rural-urban transitions [10], e.g., Japan, eastern China, 
south-east Asia, western Europe, and parts of North America. Nevertheless, the usefulness of whole 
gradient analysis is again emphasised in this research.   

Land-use responses to urbanization stimuli are dependent on geographical location, and land 
ownership and land-use policies as integral parts of complex land systems [60]. Though this research 
illustrates a higher probability of land fragmentation in some types of horticultural land, other areas 
are much less affected, e.g., protected heritage wine making regions with large capital investments. 
This indicates that other attributes of land-use classes are important in determining the extent of 
fragmentation. In the northern transect, many intensively-cultivated vegetable farms are proximate 
to built-up areas, have relatively small investments currently, are operated by ageing land owners 
who are contemplating selling their farms, and are located in areas where local councils are actively 
re-zoning land. Therefore, it is land attributes that lead to fragmentation, rather than simply the 
spatial characteristics. This demonstrates the importance of integrating local knowledge and current 
urban development policies into future urban-to-rural gradient analyses to improve outcomes. 

The method outlined in this paper can be applied to different geographies, where a land dataset 
(or land-use maps derived from remotely sensed data) with land-use attributes exists to provide 
justifiable evidence for probable agricultural land transitions. An analytical approach such as this, 
which uses a single dataset, could overcome issues that exist with analyses based on multiple data 
sets [61], e.g., data incompatibility, error generation and variations in data definitions associated with 
previous landscape studies. Though some limitations would still exist, such as human error in data 
collection and spatial analysis. 

Integration of the gradient method with the analysis of landscape metrics leads to two main 
advances. First, it improves the interpretability of transitional processes on agricultural land at city 
fringes by focusing measurements on particular areas (e.g., agricultural land within zones of 
fragmentation), while still analyzing the landscape structure in an urban-to-rural continuum. 
Secondly, it enhances information richness for improved peri-urban land-use planning strategies 
within planning and policy-making groups at different levels of land governance (e.g., local 
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government to state level), as well as for other stakeholder groups who share common interests in 
effective management of peri-urban land. These include primary industries, biological conservation, 
natural resource management and recreational opportunities. 

5. Conclusions 

This research integrated landscape metrics into urban-to-rural gradient analysis to deepen our 
understanding of the geographies of agricultural land-use change at the urban fringes of Adelaide. 
The study reveals that less well-regulated horticultural land uses are the most vulnerable to urban 
expansion, though well-protected horticultural land experiences much lower levels of conversion 
and fragmentation. Land uses related to livestock grazing and rearing have a larger presence than 
horticulture, but are less likely to change. Dryland agriculture is the least vulnerable for urban sprawl. 

The research findings confirm that integrating landscape metrics and urban-to-rural gradient 
analysis provides a robust method that works equally well under different natural environments, 
rates of urban growth, and types of land use. A new finding is that MPS and PD can be used to 
identify zones with high rates agricultural land fragmentation. These occur where PD ranges from 7 
to 35 N/km2, regardless of distance from the city centre, land use, topography, soils and rates of urban 
growth and suggest a geometry of fragmentation that may be consistent.  

Integrating landscape metrics into gradient analysis has the potential to provide a wide range of 
stakeholders, ranging from planners to conservation and primary production groups, with a rich 
source of information on agricultural land-use configurations, and their interdependencies. Further 
it can provide them with the ability to systematically compare spatially quantifiable land-use metrics 
along urban-to-rural gradients. Nonetheless, we suggest there are further opportunities to test the 
robustness of this method in urban fringe landscapes in different types of cities around the world.  
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