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Figure 2. Study methodology

Potential next steps: 
zonal statistics,
regressions…….

NLCD original dataset (1992 and 2001)

NLCD 6 classes of each site (as in 
protocol)

ArcGIS:  re-projection, subset, & 
re-classification

5 site boundaries

Class- level metrics:

20 metrics computed:
(1)CA, (2)PLAND, (3)NP, (4)PD, (5)LPI, (6)ED, (7)LSI, (8)PARA_MN, 
(9)PAFRC, (10)TCA, (11)CPLAND, (12)NDCA, (13)DCAD, (14)CWED, 
(15)TECI, (16)IJI, (17)COHESION, (18)DIVION, (19)MESH, (20)AI

5 metrics in protocol:
PD, IJI, LSI, ED, TCA

Landscape-level metrics:

23 metrics computed:
(1)TA, (2)NP, (3)PD, (4)LPI, (5)ED, (6)LSI, (7)PARA_MN,  (8)PAFRC, 
(9)TCA,  (10)NDCA, (11)DCAD, (12)CWED, (13)TECI, (14)CONTAG, (15)IJI, 
(16)COHESION, (17)DIVION, (18)MESH, (19)PR, (20)PRD, (21)SHDI, 
(22)SIDI, (23)AI 

7 metrics in protocol:
PD, IJI, CONTAG, LSI, ED, SHDI, TCA

.shp files of 15km*15 km moving 
windows (overlap by 5km) along a 
transect

ArcGIS: Fishnet

NLCD 6 land cover classes of each window 

ArcGIS: subset

Fragstats: Standard metrics 
calculation for each window

Class level metrics: Landscape level metrics:

Excel:  Aggregate the results of each window 
to form continuous data along the transect 

NLCD 2 classes of each 
site (developed and 
undeveloped)

NLCD 3 classes of each 
site (developed, 
undeveloped and 
agriculture)

Fragstats: Moving  window 
(270m*270m) analysis 

Raster data of fragmentation metrics 
at landscape level metrics for the 
whole site based on 2 land cover 
classes

Raster data of fragmentation metrics 
at landscape level metrics for the 
whole site based on 3 land cover 
classes.

Land fragmentation is a critical social and environmental challenge posed by rapid urbanization for
many metropolitan cities across the United States. Some of the social and ecological impacts of land
fragmentation caused by sprawl, leap-frog development, suburbanization, exurbanization and other
forms of urbanization are the loss of the connecting corridors for ecological processes (Grimm et al.
2008, Alberti 2005), reduced efficiency in public services, increased commuting times and fuel
consumption, decreased ability to use lands for agricultural or forest production, and loss of culturally
relevant open spaces and natural amenities (Schipper 2008). What are the patterns and processes of
land fragmentation in the cities of the US Southwest? This question is addressed in a cross-site study
involving five Long-Term Ecological Research (LTER) sites: Central Arizona-Phoenix (CAP), Sevilleta (SEV),
Jornada Basin (JRN), Konza Prairie (KNZ), and Shortgrass Steppe (SGS) (Figure 1). In this study, we take
a cross-site comparative approach to: (1) examine and measure land fragmentation in these five study
sites, and (2) analyze the role of urban population dynamics, water provisioning, transportation, amenity-
driven growth, and institutional factors on patterns of land fragmentation.
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Dataset and methodology
Data used in this study are from the National Land Cover Dataset (NLCD) of 1992 and 2001, compiled
from Landsat TM series. NLCD is the first nationwide initiative to provide consistent and seamless land-
cover inventory for the US (Vogelmann et al. 1998; Homer et al. 2004) and it also has been widely used
in fragmentation studies (Heilman et al. 2009; Riitters et al. 2002), despite a few of its limitations (Irwin
and Bockstael 2007). As shown in in Figure 2, We reclassified the original land cover classes into seven
categories: developed-higher intensity, developed-lower intensity, agriculture, forest, undeveloped,
grass/shrubland, and water. We also quantified the fragmentation patterns using landscape metrics:
Patch Density (PD), Interspersion and Juxtaposition Index (IJI), Contagion (CONTAG), Landscape Shape
Index (LSI), Edge Density (ED), and Shannon’s Diversity Index (SDI). Using the transect analysis (Luck
and Wu 2002), we calculated these landscape metrics for each site at both the landscape level (Figure
3) and the class-level (Figure 4), and compared fragmentation patterns across the sites. The final step is
to analyze the drivers of land fragmentation across the sites and the relationship of land fragmentation
with ecosystem services.

Figure 1. Study Sites

Results
Our preliminary research results (Figure 3 and 4) suggest that rapid urbanization in these study sites has increased land
fragmentation, generally in the fringes or peri-urban areas of the study sites. However, three distinct patterns of
fragmentation were observed: (1) within SEV and JRN sites, fragmentation occurred the fastest in the very low-density and
agricultural areas far away from the core city areas (indicated with a dash line in the transect), mostly along the river; (2)
KNZ and SGS sites have seen a steady increase in suburbanization and exurbanization in the cities included in the study,
resulting in the higher level of fragmentation in “grassland”; and (3) CAP experienced the most rapid urban growth among
all the study sites in this period with significant fragmentation occurring at the urban fringes, around 35-40km from the
urban center. The study team is currently analyzing the proximate causes of land fragmentation, primarily focusing on
urban population dynamics, water provisioning, transportation, amenity-driven growth, institutional factors, and
topographic barriers.
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Figure 3.  Spatial distribution of different landscape metrics at 
landscape-level along transect for the 5 sites in 1992 and 2001

Figure 4. Spatial distribution of Patch Density (PD) at class-level 
along transect for the 5 sites in 2001
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