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the most widespread LI type in Sri Lanka, followed 
by powerlines and railroads. Over 80% of Sri Lanka’s 
total land area falls within 1 km of either a national or 
a provincial/local road. Areas with high NDVI were 
primarily manmade habitats, with less than 20% con-
tribution from protected areas. Over 50% of the total 
protected area of Sri Lanka is being impacted by all 
three types of LI. Powerlines were the most common 
LI type in protected areas in proportion to their total 
network lengths. To minimize environmental impact 
while achieving development goals, future LI devel-
opment activities should use a landscape approach to 
identify development needs and strategies informed 
by these findings.

Keywords Biodiversity hotspot · Economically 
developing country · Habitat fragmentation · Spatial 
analysis

Introduction

Economically developing tropical countries face a 
higher risk of experiencing negative impacts from lin-
ear infrastructure (LI) due to their growing economy 
(Alamgir et  al., 2017; Balmford et  al., 2016; Dulac, 
2013) and the unique biodiversity found in these 
regions. Recent projections suggest that nearly 90% 
of the 25 million km of roads projected to be built 
worldwide by 2050 will be in tropical regions (Dulac, 
2013), highlighting the urgency of better planning 

Abstract Linear infrastructure (LI) has varying 
effects on landscapes depending on different eco-
systems’ sensitivity and threat levels. Economically 
developing tropical countries are particularly at risk 
from LI. Therefore, understanding a country’s cur-
rent LI network and planning future developments 
to avoid further fragmentation and disturbance is 
crucial. This study aimed to assess the extent of Sri 
Lanka’s LI network (i.e., roads, railroads, and power-
lines), given that it is both a biodiversity hotspot and 
an economically developing country in the tropics. 
First, we calculated the average normalized difference 
vegetation index (NDVI) and normalized difference 
built-up index (NDBI) indices and examined their 
spatial autocorrelation per divisional secretariat divi-
sion. Then a multivariate cluster analysis was used to 
determine clusters of natural and protected areas that 
may receive similar impacts from different LI and 
their combinations. Results indicated that roads are 
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and decision-making in LI development. As these LI 
development activities receive significant financial 
investments from international and national funders 
(Alexander, 2014), failures in such projects due to 
inadequate planning may result in severe ecologi-
cal and economic losses. Therefore, it is essential to 
understand the current extent of LI and its potential 
impact on habitats to optimize future LI projects, 
minimize adverse effects, and avoid further losses 
(Laurance et al., 2014).

Sri Lanka is a valuable case study for document-
ing the baseline information on LI networks and their 
impact on habitats for two primary reasons. First, the 
country plays a crucial role in the global biota being 
part of a biodiversity hotspot (Myers et  al., 2000) 
due to its unique faunal and floral species. Despite its 
small size (65,000  km2), Sri Lanka hosts an impres-
sive number of species (3087 angiosperm species and 
778 vertebrate species), including many endemics 
(27.9% angiosperms and 40.9% vertebrates) (Minis-
try of Environment (MoE), 2012; Sri Lanka Biodiver-
sity Secretariat, et.al., 2020), making it a significant 
contributor to the planet’s biodiversity. Second, Sri 
Lanka is currently in a phase of rapid development 
to achieve several socio-economic goals by 2050 
(NPPD-SL, 2019). To meet the country’s growing 
development demands, significant improvements 
and expansions are planned for its road, railroad, and 
power transmission networks (CEB-Transmission 
Division, 2021; Georget, 2022; Road Development 
Authority, 2019). For example, the country’s future 
energy supply projections anticipate a doubling of 
energy production by 2040 compared to 2022 (CEB-
Transmission division, 2021), and over 600 bridges 
in the road sector are identified as needing to be 
either reconstructed or widened (Road Development 
Authority, 2019). The proposed expansions in energy 
and transportation sectors strongly suggest that Sri 
Lanka’s LI networks are poised for significant growth.

The ongoing LI developments in Sri Lanka are 
being constructed atop an already well-established LI 
network. In particular, Sri Lanka has one of the dens-
est road networks in South Asia (Road Development 
Authority, 2019), which has already had a significant 
impact on the country’s critical habitats. Additionally, 
the country’s island status amplifies its vulnerability 
to climate change impacts such as droughts, land-
slides, and floods (Eckstein et  al., 2021), potentially 
requiring more frequent repairs in the LI network. 

Most large-scale LI projects in Sri Lanka are financed 
through international loans, and any failure in such 
projects may result in significant economic losses, 
along with irreversible damage to its unique biota. 
Therefore, it is crucial to identify already affected 
natural areas and plan future LI development activi-
ties to avoid further disturbance to critical ecosys-
tems. Furthermore, information on the status and 
potential impact of major LI networks on natural hab-
itats can help Sri Lanka meet its sustainable develop-
ment goals while achieving biodiversity conservation 
targets.

The impact on natural habitats could be mini-
mized if future infrastructure developments are tar-
geted to be built on existing networks, avoiding areas 
that should be kept intact and concentrating on sites 
with more development potential and benefits (Lau-
rance et  al., 2014). To achieve this, it is crucial to 
understand the current impact of linear development 
on natural ecosystems (Ibisch et  al., 2017; Laurance 
et al., 2014; Laurance & Balmford, 2013). Therefore, 
this study aimed to assess the extent of the existing 
road, railroad, and powerline networks, which are the 
most common types of LI in Sri Lanka, and to deter-
mine their impact on natural areas.

Despite the importance of LI networks on the 
development of Sri Lanka, no comprehensive 
island-wide studies have focused on the spatial pat-
terns of impacts of LI networks on natural habitats. 
Nonetheless, several independent studies have pro-
vided insights into land use change at both island-
wide and regional scales (Edirisooriya, et  al., 2021; 
Rathnayake, et  al., 2020; Saparamadu, et  al., 2018; 
Zahir et  al., 2021), along with recommendations to 
enhance the structural integrity and transportation 
efficiency of the road network (Abesinghe & Jayati-
lake, 2020; Chandimal & Wijesekera, 2008; Pasindu, 
et  al., 2018). For example, Rathnayake et  al. (2020) 
present a country-wide land use land cover (LULC) 
change map for Sri Lanka over 25 years using Land-
sat time-series imagery from 1993 to 2018, while 
Saparamadu et  al. (2018) report on land use change 
and related environmental characteristics such as land 
surface temperature (LST), surface water quality, and 
soil characteristics in Colombo, the commercial capi-
tal of the country. Studies that focused on enhanc-
ing the structural and functional performance of the 
road network have investigated the effects of climate 
change on roads (Abesinghe & Jayatilake, 2020) and 
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proposed strategies to improve road safety, decrease 
travel time, and increase efficiency (Chandimal & 
Wijesekera, 2008; Pasindu et al., 2018).

In this context, we aimed to use biophysical 
parameters of land surface, normalized difference 
vegetation index (NDVI), and normalized difference 
built-up index (NDBI) to assess the existing land 
use profile. The two indices have proven to be excel-
lent indicators to measure the level of greenness and 
intensity of development (Macarof & Statescu, 2017; 
Malik, et al., 2019; Roy & Yuan, 2007). By identify-
ing the land use profile, we can pinpoint critical areas 
that need attention when planning development activ-
ities at the local level. Additionally, we focused on 
identifying natural and protected areas in Sri Lanka 
that have already been impacted by LI. The study’s 

results can provide valuable information for plan-
ning LI in Sri Lanka to accommodate future demands 
while causing the least possible damage to the natural 
environment. Moreover, this information can help to 
formulate defragmentation strategies to undo frag-
mentation that has already taken place.

Study area

Sri Lanka is located between 5° 55′–9° 51′ N latitude 
and 79° 52′–81° 51′ longitude in the Indian Ocean 
(Fig.  1). Its climate is characterized by two main sea-
sons—the Maha season, associated with the northeast 
monsoon (September–March), and the Yala season, 
associated with the southwest monsoon May–August) 
(DWC, 2008). Daily maximum temperatures remain 

Fig. 1  a Location of Sri Lanka in South Asia and b land use and land cover of Sri Lanka, 2010 (source: Survey Department of Sri 
Lanka)
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around 31°C throughout the year, while altitude plays a 
critical role in temperature variations within the country. 
The south–central mountain ranges experience consider-
ably lower temperatures. Furthermore, Sri Lanka’s pre-
cipitation regime is classified into three zones, namely 
wet, intermediate, and dry (Gunatilleke, et al., 2008).

Sri Lanka, despite its small size, boasts a rich 
diversity of ecosystems owing to its topography, cli-
matic heterogeneity, and coastal influence. These eco-
systems can be broadly classified into four categories: 
(i) coastal or marine ecosystems, (ii) natural forests, 
(iii) natural and semi-natural grasslands, and (iv) 
inland wetlands. Additionally, there are human-made 
ecosystems such as agroecosystems, including home 
gardens, cash-crop fields, and plantations that bear 
a resemblance to natural forests (Gunatilleke et  al., 
2008). Due to its unique and abundant biodiversity 
and the challenges it faces, Sri Lanka is recognized as 
one of the world’s 34 biodiversity hotspots, along with 
the Western Ghats of India (Myers et al., 2000).

Datasets

The sections below include brief descriptions of the 
various datasets used in the present study:

Satellite data

We obtained eight Collection-1 Level-1 Landsat sat-
ellite images with 30 m spatial resolution from www.
earthexplorer.usgs.gov (USGS, 2022) for Sri Lanka, 
all acquired in January–February 2022 with low 
cloud cover (<20%). To create a single image for 
analysis, we merged the downloaded images using the 
mosaic function in ArcGIS Pro.

Sri Lanka geospatial data

LI network

We analyzed three major types of LI: roads, railroads, 
and 220 kV powerlines. The road network of Sri 

Lanka is comprised of two components, the national 
and provincial road networks. The national road net-
work comprises class A roads, class B roads, and 
expressways. Class A roads are main long-distance 
routes connecting major provincial cities, while class 
B roads distribute traffic between residential, indus-
trial, and town areas, linking them to class A roads. 
Expressways are toll roads with controlled access, 
with speed limits ranging from 80 to 110 km/h (50 
to 68 mph). The provincial road network includes 
jeep tracks and other local roads. This provincial road 
network is highly extensive and experiences varying 
levels of traffic. In comparison, the railroad and 220 
kV powerline networks in Sri Lanka are not as exten-
sive as the road network. We obtained LI network 
data from the National Physical Planning Depart-
ment (NPPD) and the Road Development Authority 
(RDA) of Sri Lanka and combined them to produce 
four LI network layers, i.e., national roads, all roads 
(national and provincial roads), railroads, and power-
lines (Fig. 2a, b).

Climatic zones

Sri Lanka’s rainfall patterns have created four distinct 
climatic zones: wet, intermediate, dry, and arid zones 
(Alahacoon & Edirisinghe, 2021; Gunatilleke et  al., 
2008). We digitized the climatic zone maps from Ala-
hacoon & Edirisinghe (2021), which included all four 
climatic zones (Fig.  2c). For our analysis, we com-
bined the dry and arid zones into a single category. 
The consideration of Sri Lanka’s climatic zones is 
essential due to the resulting variations in ecosys-
tems that support diverse and unique fauna and flora 
within each zone (Gunatilleke et  al., 2008). These 
ecosystems exhibit varying levels of sensitivity to 
human activities and may respond differently to the 
same developmental interventions. Therefore, assess-
ing the level of impact in each climatic zone is crucial 
for obtaining a comprehensive understanding of the 
potential threats to ecosystems.

LULC data

We obtained provincial-level LULC data from the 
Survey Department of Sri Lanka for all nine prov-
inces for the year 2010. We checked the topology of 
all datasets in the form of overlaps, gaps, and various 
LULC types. These provincial-level layers were then 

Fig. 2  LI network of Sri Lanka. a National roads (class A, B, 
and expressways), railroads, and powerlines networks (source: 
the Road Development Authority of Sri Lanka); b all roads 
(national roads and provincial roads), railroads, and powerlines 
(source: the National Physical Planning Department of Sri 
Lanka); c the map of climatic zones and the divisional secre-
taries of Sri Lanka, and d the national protected area network 
(source: (UNEP-WCMC and IUCN, 2022)

◂
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merged to produce a final LULC layer for the entire 
island. This final LULC layer had 13 categories: for-
est, scrub, grassland, coconut, other plantation, rub-
ber, tea, chena, paddy, home gardens, built-up area, 
rivers, and canals (Fig.  1). Given the focus of our 
study on the impacts of land use change on natural 
habitats, we grouped the LULC categories of forests, 
nature reserves, scrublands, and grasslands into a sin-
gle category labeled as natural habitats. This cover-
age of natural habitats in Sri Lanka includes but is not 
limited to the country’s protected areas. Therefore, 
natural habitats and protected areas were consid-
ered separate variables for our analysis. We obtained 
spatial data on protected areas of Sri Lanka from 
the www.protectedplanet.net/country/LKA (UNEP-
WCMC and IUCN, 2022) (Fig. 2d).

Methods

Baseline spatial statistical analysis

Initially, to establish the baseline information on the 
extent of each LI type, we performed calculations 
using the statistics function on the attribute tables of 
the geospatial data for each LI type. Then, using the 
intersect tool in ArcGIS Pro, the percentage length of 
each LI type that overlaps with the natural and pro-
tected area network was calculated. Since the road 
network was the most extensive LI network in Sri 
Lanka, additional analyses were performed on the 
road network. First, spatial patterns in road density 
were identified using the line density tool in ArcGIS 
Pro. The line density tool calculates a magnitude-
per-unit area from polyline features within a radius 
around each cell (Esri, 2022b). Road layers were 
converted into a projected coordinate system to have 
the line density values in kilometers per square kilo-
meter. Then, the tool’s default settings return a raster 
layer with a line density value assigned to each cell. 
This analysis was performed for both road layers, i.e., 
national roads and all road layers.

Then, using a buffer zone surrounding the road 
network, we assessed the extent of land area influ-
enced by roads. Previous studies on road effect zones 
have indicated a range of 100 to 5 km from the road 
(Benítez-López et  al., 2010; Forman & Deblinger, 
2000; Reijnen et al., 1995). Larger road effect zones, 
often spanning several kilometers, primarily consider 

the impact on large mammals and environmental 
pollutants (Benítez-López et  al., 2010; Forman & 
Deblinger, 2000). However, given the uneven distri-
bution of biodiversity and variations in traffic volume 
across different roads in Sri Lanka, we opted for a 
standardized 1-km buffer to define the ecologically 
affected land area for each road.

Satellite image analysis (NDVI and NDBI)

To examine the patterns and relationship between 
vegetation and development in Sri Lanka, we calcu-
lated two ratio measures, NDVI and NDBI. NDVI 
calculates the normalized difference in reflectance 
between the near-infrared (NIR) and red bands of 
the electromagnetic spectrum (Kshetri, 2018), repre-
sented by the equation below:

This index ranges between −1.0 and 1.0, represent-
ing vegetation density and vigor. Areas with dense 
and green vegetation will produce values towards the 
positive end of the spectrum. In contrast, water, snow, 
and sparse vegetation will produce either negative or 
moderate values. This index is widely used in vegeta-
tion and land degradation studies for various applica-
tions, including agroecosystem resilience, land cover 
change, desertification, and vegetation burning (Roy 
& Yuan, 2007; Yengoh et al., 2014).

The built-up areas and bare soil reflect more 
shortwave-infrared (SWIR) than NIR. Therefore, the 
NDBI index is widely used to monitor urbanization, 
map urban built-up areas, and identify desertification 
(Zhao & Chen, 2005). NDBI is calculated using the 
following equation:

It is used to emphasize manufactured built-up areas 
(He et  al., 2010; Malik et  al., 2019; Zhao & Chen, 
2005). NDBI index values range between −1.0 and 
1.0, with negative values representing water bodies 
and higher values representing built-up areas. NDBI 
values for vegetation are low. Therefore, higher NDBI 
values represent a greater proportion of the built-up 
area.

(1)NDVI =

(

NIR − red

NIR + red

)

(2)NDBI =
(SWIR − NIR)

(SWIR + NIR)
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Next, the average NDVI and NDBI values were 
calculated for each Divisional Secretariat Division 
(DSD), which is the second smallest administrative 
unit in Sri Lanka (Fig. 2c). The analysis was done at 
the DSD scale because about 90% of the road network 
in Sri Lanka is administered by provincial and local 
authorities such as provincial, municipal, and urban 
councils, except for the national road network. Fur-
thermore, demographic information is also collected 
at the DSD level. In addition, development needs are 
often identified, planned, and executed within the 
country at DSD scale. Therefore, for the scope of this 
study, DSD level appeared to be the most appropriate 
scale to report results.

Geostatistical analysis

We conducted spatial autocorrelation (Getis Ord, 
Gi*) to determine spatial clustering of average 
NDVI and NDBI values at the DSD level. The 
Getis-Ord Gi* is a neighborhood-based statistic 
that identifies hot and cold spots by considering 
each NDVI/NDBI average per DSD within the con-
text of all NDVI/NDBI averages in the neighbor-
hood and determining whether and how the local 
pattern of NDVI/NDBI average in the neighbor-
hood is statistically different from the global pat-
tern of NDVI/NDBI average across all DSDs. The 
Gi* statistics is a z-score, with statistically sig-
nificant high Gi* values representative of cluster-
ing or the presence of hot spots while cold spots 
represented by clusters of statistically significantly 
lower scores (Scott et  al., 2016). Consequently, 
hotspots and cold spots indicate higher or lower 
vegetation cover or built-up areas, respectively, for 
NDVI and NDBI.

Finally, we conducted a multivariate clustering 
analysis to identify groups of natural habitats and 
protected areas similarly affected by LI. For this 
analysis, all data layers on all three LI types, natural 
habitats, and protected area network were used. First, 
the nearest distance from a given polygon to each LI 
type (i.e., roads, railroads, and powerlines) was cal-
culated. Then, a multivariate clustering analysis was 
performed to identify natural groupings (Tullis-Joyce 
& Roy, 2021) based on the nearest distance to the 
three LI types and the area of a given natural habitat 
or protected area polygon. The Multivariate Cluster-
ing tool in ArcGIS Pro constructs nonspatial clusters. 
This tool uses either the K means or K medoids algo-
rithm to partition features into clusters. To establish 
the suitability of a given number of clusters, we used 
summary statistics by clusters for the grouping out-
put. Each cluster contains polygons affected similarly 
by the three different LI and their combinations. All 
the above analyses were conducted using ArcGIS Pro 
3.0. (Esri, 2022a) and JMP statistics software (SAS 
Institute Inc., 2019).

Results

Baseline spatial statistics

Roads are the most pervasive LI type in Sri Lanka, 
followed by powerlines and railroads (Table  1). 
However, in comparison to the network’s total 
length, powerlines were the most extensively 
spread LI type in protected areas and natural habi-
tats (21.43% and 27.47% of the network are within 
protected areas and natural habitats, respectively), 
followed by railroads (14.43%—protected areas 

Table 1  The extent 
of linear infrastructure 
network through protected 
and natural habitat areas 
of Sri Lanka. Percentages 
of total network length are 
indicated in parentheses. 
Geospatial data sources: 
from the Road Development 
Authority of Sri Lanka 
and the National Physical 
Planning Department of Sri 
Lanka

LI type Total length (km) Protected areas Natural habitats

Roads (all categories) 92,342.35 11,026.04 (11.94) 4695.12 (5.08)
 National roads 12,429.82 1011.09 (8.13) 1264.56 (10.17)
  Class A 4186.35 398.60 (9.52) 441.03 (10.53)
  Class B 7759.82 608.26 (7.84) 794.92 (10.24)
  Expressways 483.65 2.12 (0.44) 23.16 (4.79)
 Provincial roads (jeep 

tracks and local roads)
79,912.53 10,014.95 (12.53) 3430.56 (4.29)

Railroads 1391.02 200.75 (14.43) 299.46 (21.53)
Powerlines 1910.39 409.32 (21.43) 524.71 (27.47)
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and 21.53%—natural habitats) and roads (11.94%—
protected areas and 5.08%—natural habitats). The 
detailed analyses of the road network revealed that 
the road density in Sri Lanka ranges between 0.01 
−1.16 km/km2 and 0.01–8.99 km/km2 for national 
and all road networks, respectively. Even though the 
national road network had a comparatively lower 
road density across the island, it showed a greater 
number of distinct high road–density spots than 
for the all road layers. The main high road–den-
sity areas that were discovered in this study include 
Colombo, Gampaha, Kandy, and Jaffna. All roads 
layer showed similar patterns but with greater 
road density values. For this layer with provincial/
local roads, the highest road density was reported 
in the northern part of the country, for Jaffna and 
Kilinochchi. Notably, the high road–density areas 
were wider for provincial/local roads than for the 
national roads (Fig. 3).

Over 80% of the total land area of Sri Lanka falls 
within 1 km of either a national or a provincial/local 
road. Considering only the national road network, 
about 30% of the total land falls within a 1-km dis-
tance of a road. The percentage of natural habitats 
and protected areas within a 1-km buffer of any road 
is 64.96% and 56.01%, respectively, whereas the pro-
portions for the same habitat categories are 13.55% 
and 10.29%, respectively, for the national road net-
work. Figure  4 shows the segments of each LI type 
that traverse either a natural habitat or a protected 
area.

Spatial patterns of LI network, NDVI, and NDBI

The results of spatial autocorrelation analysis identi-
fied several hotspots and coldspots comprising mul-
tiple DSDs with significantly high and low averages 
for NDVI and NDBI indices (Fig. 5). Of the total 331 

Fig. 3  Results of line density analysis for a national road network (class A, B, and expressways) and b all roads network (class A, B, 
expressways, and provincial roads)
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DSD units, 99 were included in the NDVI hotspots, 
while 73 were included in the coldspots. These val-
ues for NDBI hotspots coldspots layer were 88 and 
98 DSDs, respectively. Over 80% of hotspots and 
coldspots for NDVI overlapped correspondingly with 
coldspots and hotspots of NDBI. Average NDVI and 
NDBI values at the DSD level showed a significant 
negative correlation (R2 = 0.82, p = 0.000), further 
suggesting a general trend of having lower average 
NDVI in DSDs with high built-up areas.

In addition, it was revealed that the overlap of the 
protected area network with NDVI hotspots was less 
than 20%. Home gardens and tea and rubber planta-
tions were the primary land use types that were found 
within areas with significantly high vegetation reflec-
tance. Nearly 90% of the DSDs that formed NDVI 
hotspots are within the wet and intermediate zones. 
Regarding NDBI hotspots, it was revealed that they 
also overlapped with high road–density areas within 
the country. Two regions, one in the western province 

where the country’s capital is located, and the other 
in the northern province, were highlighted as the 
most distinct overlaps. Of all the climatic zones, the 
country’s wet zone had the overall highest NDVI and 
road densities.

Clustering of habitats impacted by LI

Multivariate cluster analysis identified four clusters 
for each vector layer that covered all natural habitats 
and protected areas. Based on summary statistics for 
each cluster (mean, minimum, and maximum of near-
est distance to each LI type), each group was labeled 
by the LI type/s most closely located to polygons in 
each vector layer (Table 2; Fig. 6). The overall analy-
ses revealed five distinct categories. Three of these 
categories were common among cluster results for 
both natural habitats and protected areas, i.e., poly-
gons affected by (1) all LI types, (2) roads and rail-
roads, and (3) roads and powerlines. In addition to the 

Fig. 4  Areas of overlap between linear infrastructure and a natural habitats, and b protected areas of Sri Lanka
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Fig. 5  Results of spatial autocorrelation analysis for a normalized difference vegetation index (NDVI) and b normalized difference 
built-up index (NDBI) averages per Divisional Secretariate Division

Table 2  Descriptive statistics on the area of polygons in non-
spatial clusters resulting from the multivariate cluster analysis. 
These clusters comprise protected and natural habitat area pol-
ygons that are similarly affected by different types or combina-
tions of linear infrastructure (LI). The clustering of polygons 

is based on the nearest distance to a specific LI type and the 
area of each polygon. All polygons within a particular category 
are impacted similarly (due to their close proximity) by the LI 
types specified in their category name

Category Total
(km2)

Mean  (km2) Minimum  (km2) Maximum  (km2) % of total pro-
tected/natural 
area

Natural habitats
 All LI 17,063.01 1.43 0.000 343.96 59.00
 Roads/railroads 5994.39 2.15 0.000 609.18 20.73
 Roads/powerlines 3400.51 1.04 0.001 306.04 11.76
 Powerlines/railroads 2462.44 1.00 8.69 168.97 8.51
Protected areas
 All LI 11,561.83 27.07 0.001 1312.81 51.57
 Roads/railroads 5760.87 71.12 0.06 1428.01 25.70
 Roads/powerlines 4954.16 52.15 0.03 518.49 22.10
 Powerlines 141.64 10.12 0.09 54.22 0.63
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above three categories, natural habitats and protected 
areas had a fourth cluster that was not shared between 
the two sets of clusters, i.e., polygons close to power-
lines only, and powerlines and railroads, for protected 
areas and natural habitats, respectively. Over 50% of 
the natural habitats and protected areas got selected as 
being affected by all three LI types (Table 2). Among 
the three types of LI, roads were found in three out 
of the five clusters, indicating their prevalence as the 
primary LI type in proximity to natural habitats and 
protected area networks.

Discussion

The objective of this study was to provide an exten-
sive understanding of the current status of roads, rail-
roads, and powerline networks in Sri Lanka and their 
impact on the natural habitat. The study found that 
roads are the most widespread LI type in Sri Lanka. 

However, powerlines were the most common linear 
intrusion in forested areas concerning the total length 
of the network. This finding supports the commonly 
held belief in Sri Lanka that powerlines are mostly 
installed over wilderness areas to avoid human set-
tlements and minimize potential human exposure to 
electromagnetic fields (Hewavithana, 2022).

Different types of LI have varying impacts on the 
environment. Roads and railroads can contribute 
to animal-vehicle collisions, impede animal move-
ment, facilitate the spread of invasive species, alter 
predator-prey interactions, and cause environmental 
pollution from moving vehicles (Forman & Alexan-
der, 1998; Forman et  al., 2003; van der Ree, et  al., 
2015). On the other hand, powerlines, although not 
involving any moving objects, can be equally harmful 
during both the construction and operational phases 
(Bagli et  al., 2011). For instance, the fragmentation 
effects created by clearing the habitat for accessing 
and establishing the powerline corridor may last as 

Fig. 6  Clusters identified by multivariate cluster analysis for a natural habitats and b protected areas
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long as the powerline is in place (Biasotto & Kindel, 
2018). Furthermore, powerlines can act as a physical 
barrier for individuals, leading to bird collisions and 
electrocution (Pruett et al., 2009; Raab et al., 2011).

Our study revealed that over 80% of the total land 
area of Sri Lanka is accessible to humans within 1 km 
of either a national or a provincial/local road. Using 
only the national road network, the amount of accessible 
land is about 30% of the island. Similar analyses have 
reported that nearly 80% of the land in the conterminous 
United States is within 1 km of a road of any type (Riit-
ters & Wickham, 2003), while 50% of the European 
continent is estimated to be within 1.5 km of either a 
paved road or a railroad (Torres et al., 2016). It is alarm-
ing that Sri Lanka, an island nation with an emerging 
economy, has reached comparable road densities to that 
in large and economically developed countries. There-
fore, our study recommends avoiding the construction 
of new roads that would contribute to further fragmenta-
tion and instead suggests exploring options for establish-
ing infrastructure along existing features to mitigate the 
environmental impact of LI development. This approach 
is in line with recent research advocating for the integra-
tion of transportation and conservation planning to pro-
mote sustainable development (Nayak et al., 2020).

Our findings highlighted the importance of re-
evaluating national conservation targets and mak-
ing plans for development and conservation accord-
ingly. For example, results from the NDVI, NDBI, 
and line density analyses collectively demonstrated 
that the country’s wet and intermediate zones har-
bor healthy vegetation but also, at the same time, 
are experiencing a higher level of anthropogenic 
impacts. For Sri Lanka, the country’s richest biodi-
versity is found in the wet and intermediate zones 
(Gunatilleke et  al., 2008). In addition, the wet and 
intermediate zones of the country had a greater 
number of high road–density sites than the dry 
zone. However, it was also noted that this healthy 
vegetation is present mainly in home gardens and 
plantations. Studies that have been conducted on 
the use of Sri Lankan home gardens in maintaining 
the agricultural and environmental sustainability 
of the country have revealed that even though such 
land uses are important for biodiversity conserva-
tion they should not be considered as a replacement 
for natural habitats (Pushpakumara et  al., 2012). 
Therefore, we recommend including more natural 
land units from the wet and intermediate zones of 

the country in the national protected area network. 
A higher level of protection for these critical habi-
tats would ensure that they are not affected by LI 
development due to a lack of protection. In addi-
tion, for areas with highly fragmented natural for-
ests, attempting to connect these forest patches 
via home gardens would help reduce the impact of 
fragmentation.

As outlined in the national physical plan for Sri 
Lanka, the country’s dry zone will also receive unprec-
edented development by 2050, including several large-
scale LI projects (National Physical Planning Depart-
ment, 2019). Consequently, it is essential to actively 
prioritize habitat connectivity and the mitigation of 
LI’s impact on the natural environment within the dry 
zone. This approach aligns with research indicating 
the need to effectively separate busy roads from nature 
reserves, ensuring that upcoming transportation sys-
tems facilitate not only safe human mobility but also 
ecological flows and biodiversity preservation (For-
man & Deblinger, 2000). Furthermore, the dry zone in 
Sri Lanka serves as a habitat for many of the large fau-
nal species found in the country, such as the Asian ele-
phant (Elephas maximus), leopard (Panthera pardus 
kotiya), and sloth bear (Melursus ursinus inornatus). 
Fahrig & Rytwinski (2009) review underscores that 
species with large home ranges and low reproductive 
rates are often adversely impacted by roads, an obser-
vation mirrored by Poessel et  al.’s (2014) consistent 
findings that bobcats avoid roaded areas in their home-
range selection. Therefore, we recommend devoting 
special attention to maintaining habitat connectivity 
within Sri Lanka’s dry zone when choosing sites for 
LI placement and upgrades, ensuring the region’s eco-
logical sustainability.

Results from the multivariate cluster analysis 
conducted in this study provide a bird’s eye view of 
the impact of LI on Sri Lanka’s natural habitats and 
protected area network. These results offer valuable 
insights for planners to inform future LI development 
decisions. By identifying areas with high LI impact, 
planners can avoid those locations and instead focus 
on utilizing existing LI to minimize the need for new 
constructions. One approach to achieve this is through 
the implementation of “traffic calming” strategies, 
which involve redirecting traffic from rural areas to 
trunk roads. This may involve downgrading or clos-
ing some existing roads, while upgrading others to 
achieve the desired traffic reduction (Coffin et  al., 
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2021; Jaarsma & Willems, 2002). Given that Sri 
Lanka is an island nation with limited land resources, 
such considerate measures are imperative to mitigate 
the diminishing land availability caused by rapid 
development.

Furthermore, this information is crucial for con-
ducting comprehensive environmental impact assess-
ments of LI projects. Traditional environmental 
impact assessments have often been criticized for 
their narrow focus on direct impacts and the presence 
of specific species (Söderman, 2006; Thompson et al., 
1997). Therefore, we strongly recommend adopting a 
“big picture scenario” approach when proposing new 
LI developments, considering the cumulative impact 
on the environment. This holistic perspective will 
ensure that environmental impact assessments ade-
quately address the broader ecological consequences 
of LI projects.

Conducting studies on the impact of LI on natu-
ral habitats and protected areas requires reliable and 
up-to-date data. The support of LI development and 
conservation agencies is essential to ensure that such 
data is readily available. By receiving strong sup-
port from these agencies, studies could produce more 
precise results. Additionally, to make these research 
efforts more useful for local decision-making, it is 
crucial to emphasize the importance of data sharing 
and local collaborations. These measures could facili-
tate the implementation of effective conservation and 
development policies, leading to sustainable growth 
in countries like Sri Lanka.

Conclusions In conclusion, our study highlights 
the significant impact of LI on biodiversity hotspots 
like Sri Lanka and emphasizes the necessity for a 
landscape approach to mitigate its environmental 
impact while simultaneously achieving development 
goals. The methodology used in this study can serve 
as a guideline for initial assessments of high impact 
areas to inform future infrastructure planning and 
habitat defragmentation efforts. The dominance of 
roads in Sri Lanka’s LI network is a cause for con-
cern, with over 80% of the land falling within 1km 
of either a national or provincial/local road. Further-
more, the finding that powerlines are the most com-
mon type of LI within protected areas in proportion to 
their total length underscores the need for increased 
awareness and monitoring of their spread. Overall, 
the study emphasizes the importance of sustainable 

development practices to safeguard the ecological 
health of tropical ecosystems.

Acknowledgements We thank the Road Development 
Authority and the National Physical Planning Department of 
Sri Lanka for sharing the required geospatial data. We also 
acknowledge Mr. Thushara Peiris and Mr. M. K. Bhagya 
Manoj for their valuable assistance in acquiring the data.

Author contribution Dishane K Hewavithana: conceptu-
alization, data curation, writing—original draft preparation, 
formal analysis. Devaka K. Weerakoon: conceptualization, 
writing—review and editing, validation. Shouraseni S. Roy: 
conceptualization, supervision, methodology, writing—review 
and editing, visualization.

Funding We thank the National Research Council of Sri 
Lanka (Grant No. 16-029) for financial support.

Data availability We utilized publicly available satellite 
images with the source link provided in the methods section. 
The LI network geospatial data and land use land cover data 
were obtained from the Road Development Authority and the 
National Physical Planning Department of Sri Lanka, respec-
tively, with their permission for educational purposes. As a 
result, these data are subject to availability restrictions and are 
not publicly accessible. However, upon reasonable request and 
with the approval of the respective authorities, the data can be 
obtained from the authors. The published article includes all 
the other data generated or analyzed during this study.

Declarations 

Competing interests The authors declare no competing inter-
ests.

References

Abesinghe, U., & Jayatilake, A. K. (2020). Enhancing the 
capacity of the road sector in Sri Lanka to withstand cli-
mate change risks. NeelaHaritha- The Climate Change 
Magazine of Sri Lanka, 3.

Alahacoon, N., & Edirisinghe, M. (2021). Spatial variability of 
rainfall trends in Sri Lanka from 1989 to 2019 as an indica-
tion of climate change. ISPRS International Journal of Geo-
Information, 10(84). https:// doi. org/ 10. 3390/ ijgi1 00200 84

Alamgir, M., Campbell, M. J., Sloan, S., Goosem, M., Clem-
ents, G. R., Mahmoud, M. I., & Laurance, W. F. (2017). 
Economic, socio-political and environmental risks of 
road development in the tropics. Current Biology, 27(20), 
R1130–R1140. https:// doi. org/ 10. 1016/j. cub. 2017. 08. 067

Alexander, N. (2014). The emerging multi-polar world order: 
its unprecedented consensus on a new model for financing 
infrastructure investment and development. Washington, 
DC: The November 2014 G20 Summit: Part II.

Page 13 of 15    1281

https://doi.org/10.3390/ijgi10020084
https://doi.org/10.1016/j.cub.2017.08.067


Environ Monit Assess (2023) 195:1281

1 3
Vol:. (1234567890)

Bagli, S., Geneletti, D., & Orsi, F. (2011). Routeing of power 
lines through least-cost path analysis and multicriteria 
evaluation to minimise environmental impacts. Envi-
ronmental Impact Assessment Review, 31(3), 234–239. 
https:// doi. org/ 10. 1016/j. eiar. 2010. 10. 003

Balmford, A., Chen, H., Phalan, B., Wang, M., O’Connell, 
C., Tayleur, C., & Xu, J. (2016). Getting road expansion 
on the right track: A framework for smart infrastructure 
planning in the Mekong. PLoS Biology, 14(12), 1–17. 
https:// doi. org/ 10. 1371/ journ al. pbio. 20002 66

Benítez-López, A., Alkemade, R., & Verweij, P. A. (2010). 
The impacts of roads and other infrastructure on mam-
mal and bird populations: A meta-analysis. Biological 
Conservation, 143(6), 1307–1316. https:// doi. org/ 10. 
1016/j. biocon. 2010. 02. 009

Biasotto, L. D., & Kindel, A. (2018). Power lines and 
impacts on biodiversity: A systematic review. Environ-
mental Impact Assessment Review, 71, 110–119. https:// 
doi. org/ 10. 1016/j. eiar. 2018. 04. 010

CEB-Transmission division. (2021). Long term generation 
expansion plan 2022-2041. CEB-Transmission division.

Chandimal, W. P. A. I. M., & Wijesekera, N. T. S. (2008). 
A GIS approach to identify road network improvement 
needs: Case study of Kaduwela, Sri Lanka. Engineer: 
Journal of the Institution of Engineers, Sri Lanka, 41(5), 
116–125. https:// doi. org/ 10. 4038/ engin eer. v41i5. 7111

Coffin, A.W., Ouren, D.S., Bettez, N.D., Borda-de-água, L., Dan-
iels, A.E., Grilo, C., Jaeger, J.A.G., Navarro, L.M., Preisler, 
H.K., & Rauschert, E.S.J., (2021). The ecology of rural roads: 
Effects, management and research. Issues in Ecology, 23.

Dulac, J. (2013). Global land transport infrastructure require-
ments. Estimating road and railway infrastructure capac-
ity and costs to 2050. . Retrieved from https:// www. iea. 
org/ publi catio ns/ freep ublic ations/ publi cation/ Trans portI 
nfras truct ureIn sights_ FINAL_ WEB. pdf

DWC. (2008). In M. J. B. Green, S. M. D. A. U. De Alwis, 
P. N. Dayawansa, U. K. G. K. Padmalala, B. M. P. Sin-
ghakumara, D. Weerakoon, & M. R. Wijesinghe (Eds.), 
Biodiversity baseline survey : Minneriya national park. 
consultancy services report. Infortech IDEAS in asso-
ciation with GREENTECH Consultants.

Eckstein, D., Künzel, V., & Schäfer, L. (2021). Global climate 
risk index 2021. Briefing paper Retrieved from https://
germanwatch.org/sites/default/files/GlobalClimateRis-
kIndex2021_2.pdf

Edirisooriya, K. V. U. I., Senevirathna, E. M. T. K., Edirisoor-
iya, K. V. D., Dheerasinghe, G. W. M. M. K., & Dauglas, 
D. L. P. M. (2021). Analysis of spatial and temporal varia-
tion of land use/land cover and impacts on climate in urban 
areas, Sri Lanka with special reference to Hambantota 
Divisional Secretariat Division (2008-2019). International 
Journal of Research and Innovation in Social Science, 
5(11), 187–195. https:// doi. org/ 10. 47772/ ijriss. 2021. 51113

Esri. (2022a). ArcGIS Pro [3.0]. Redlands. CA: Environmen-
tal Systems Research Institute.

Esri. (2022b). Line density (spatial analyst). Retrieved Janu-
ary 26, 2023, from https:// pro. arcgis. com/ en/ pro- app/ 
latest/ tool- refer ence/ spati al- analy st/ line- densi ty. html

Forman, R. T. T., & Alexander, L. E. (1998). Roads and their 
major ecological effects. Annual Review of Ecology and 
Systematics, 29, 207–231.

Fahrig, L., & Rytwinski, T. (2009). Effects of roads on animal 
abundance: An empirical review and synthesis.  Ecology 
and Society, 14.

Forman, R. T. T., & Deblinger, R. D. (2000). The ecological 
road-effect zone of a Massachusetts (U.S.A.) suburban 
highway. Conservation Biology, 14(1), 36–46. https:// doi. 
org/ 10. 1046/j. 1523- 1739. 2000. 99088.x

Forman, R. T. T., Sperling, D., Bissonette, J. A., Clevenger, A. 
P., Cutshall, C. D., Dale, V. H., & Winter, T. C. (2003). 
Road ecology, science and solotions. Island Press.

Georget, J. (2022). Why is the Asian Development Bank invest-
ing in Sri Lanka’s rail sector? Retrieved October 10, 2022, 
from https:// www. globa lrail wayre view. com/ artic le/ 87685/ 
role- adb- sri- lanka- railw ay- devel opment/

Gunatilleke, N., Pethiyagoda, R., & Gunatilleke, S. (2008). 
Biodiversity of Sri Lanka. Journal of the National Sci-
ence Foundation of Sri Lanka, 36(Special Issue), 25–61. 
https:// doi. org/ 10. 4038/ jnsfsr. v36i0. 8047

He, C., Shi, P., Xie, D., & Zhao, Y. (2010). Improving the 
normalized difference built-up index to map urban built-
up areas using a semiautomatic segmentation approach. 
Remote Sensing Letters, 1(4), 213–221. https:// doi. org/ 10. 
1080/ 01431 161. 2010. 481681

Hewavithana, D. K. (2022). Planning for the future: Ecologi-
cal impacts of Sri Lanka’s growing linear infrastructure 
network. University of Miami.

Ibisch, P. L., Hoffmann, M. T., Kreft, S., Pe, G., Kati, V., 
Biber-freudenberger, L., & Selva, N. (2017). A global 
map of roadless areas and their conservation status. Sci-
ence, 354(6318), 349–352.

Jaarsma, C. F., & Willems, G. P. A. (2002). Reducing habitat 
fragmentation by minor rural roads through traffic calm-
ing. Landscape and Urban Planning, 58(2–4), 125–135. 
https:// doi. org/ 10. 1016/ S0169- 2046(01) 00215-8

Kshetri, T. B. (2018). NDVI, NDBI, and NDWI Calculation 
Using Landsat 7 and 8. GeoWorld, 2.

Laurance, W. F., Clements, G. R., Sloan, S., O’Connell, C. S., 
Mueller, N. D., Goosem, M., & Arrea, I. B. (2014). A 
global strategy for road building. Nature, 513, 229–232. 
https:// doi. org/ 10. 1038/ natur e13717

Laurance, W. F., & Balmford, A. (2013). A global map for road 
building. Nature, 495(7441), 308–309. https:// doi. org/ 10. 
1038/ 49530 8a

Macarof, P., & Statescu, F. (2017). Comparasion of NDBI and 
NDVI as indicators of surface urban heat island effect in 
landsat 8 imagery: A case study of Iasi. Present Envi-
ronment and Sustainable Development, 11(2), 141–150. 
https:// doi. org/ 10. 1515/ pesd- 2017- 0032

Malik, M. S., Shukla, J. P., & Mishra, S. (2019). Relationship 
of LST, NDBI and NDVI using landsat-8 data in Kan-
daihimmat watershed, Hoshangabad. India. Indian Jour-
nal of Geo-Marine Sciences, 48(1), 25–31.

Ministry of Environment (MoE). (2012). The national redlist 
of Sri Lanka. Conservation Status of the Fauna and Flora.

Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, 
G. A. B., & Kent, J. (2000). Biodiversity hotspots for con-
servation priorities. Nature, 403(6772), 853–858. https:// 
doi. org/ 10. 1038/ 35002 501

National Physical Planning Department - Sri Lanka (NPPD-
SL). (2019). National physical planning policy & the plan 

 1281   Page 14 of 15

https://doi.org/10.1016/j.eiar.2010.10.003
https://doi.org/10.1371/journal.pbio.2000266
https://doi.org/10.1016/j.biocon.2010.02.009
https://doi.org/10.1016/j.biocon.2010.02.009
https://doi.org/10.1016/j.eiar.2018.04.010
https://doi.org/10.1016/j.eiar.2018.04.010
https://doi.org/10.4038/engineer.v41i5.7111
https://www.iea.org/publications/freepublications/publication/TransportInfrastructureInsights_FINAL_WEB.pdf
https://www.iea.org/publications/freepublications/publication/TransportInfrastructureInsights_FINAL_WEB.pdf
https://www.iea.org/publications/freepublications/publication/TransportInfrastructureInsights_FINAL_WEB.pdf
https://doi.org/10.47772/ijriss.2021.51113
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/line-density.html
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/line-density.html
https://doi.org/10.1046/j.1523-1739.2000.99088.x
https://doi.org/10.1046/j.1523-1739.2000.99088.x
https://www.globalrailwayreview.com/article/87685/role-adb-sri-lanka-railway-development/
https://www.globalrailwayreview.com/article/87685/role-adb-sri-lanka-railway-development/
https://doi.org/10.4038/jnsfsr.v36i0.8047
https://doi.org/10.1080/01431161.2010.481681
https://doi.org/10.1080/01431161.2010.481681
https://doi.org/10.1016/S0169-2046(01)00215-8
https://doi.org/10.1038/nature13717
https://doi.org/10.1038/495308a
https://doi.org/10.1038/495308a
https://doi.org/10.1515/pesd-2017-0032
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501


Environ Monit Assess (2023) 195:1281

1 3
Vol.: (0123456789)

— 2017-2050. Battaramulla. Retrieved from https:// www. tamil 
net. com/ img/ publi sh/ 2020/ 03/ NPPD- ENGweb- 27_ 12. pdf

Nayak, R., Karanth, K. K., Dutta, T., Defries, R., Karanth, K. U., 
& Vaidyanathan, S. (2020). Bits and pieces  : Forest frag-
mentation by linear intrusions in India. Land Use Policy, 99, 
104619. https:// doi. org/ 10. 1016/j. landu sepol. 2020. 104619

NPPD-SL. (2019). National physical planning policy and the 
plan 2017- 2050. .

Pasindu, H., Sirisumana, L., & Jayaratne, D. (2018). Develop-
ment of a highway performance index for upgrading deci-
sion making – Case study for a provincial road network in 
a developing country. Advances in Engineering Research, 
186, 25–30. https:// doi. org/ 10. 2991/ apte- 18. 2019.6

Poessel, S. A., Burdett, C. L., Boydston, E. E., Lyren, L. M., 
Alonso, R. S., Fisher, R. N., & Crooks, K. R. (2014). 
Roads influence movement and home ranges of a frag-
mentation-sensitive carnivore, the bobcat, in an urban 
landscape. Biological Conservation, 180, 224–232. 
https:// doi. org/ 10. 1016/j. biocon. 2014. 10. 010

Pruett, C. L., Patten, M. A., & Wolfe, D. H. (2009). Avoidance 
behavior by prairie grouse: Implications for development 
of wind energy. Conservation Biology, 23(5), 1253–1259. 
https:// doi. org/ 10. 1111/j. 1523- 1739. 2009. 01254.x

Pushpakumara, D. K. N. G., Marambe, B., Silva, G. L. L. P., Weer-
ahewa, J., & Punyawardena, B. V. R. (2012). A review of 
research on homegardens in Sri lanka: the status, importance 
and future perspective. Tropical Agriculturist, 160, 55–125.

Raab, R., Spakovszky, P., Julius, E., Schütz, C., & Schulze, 
C. H. (2011). Effects of powerlines on flight behaviour 
of the West-Pannonian Great Bustard Otis tarda popula-
tion. Bird Conservation International, 21(2), 142–155. 
https:// doi. org/ 10. 1017/ S0959 27091 00004 32

Rathnayake, C. W. M., Jones, S., & Soto-Berelov, M. (2020). 
Mapping land cover change over a 25-year period 
(1993-2018) in Sri Lanka using landsat time-series. 
Land, 9(1). https:// doi. org/ 10. 3390/ land9 010027

Reijnen, R., Foppen, R., Ter Braak, C., & Thissen, J. (1995). The 
effects of car traffic on breeding bird populations in wood-
land . iii . Reduction of density in relation to the proximity 
of main roads. Journal of Applied Ecology, 32(1), 187–202.

Riitters, K. H., & Wickham, J. D. (2003). How far to the 
nearest road? Frontiers In Ecology And The Environ-
ment, 1(3), 125–129 Retrieved from https:// www. srs. fs. 
usda. gov/ pubs/ ja/ ja_ riitt ers003. pdf

Road Development Authority. (2019). National road master 
plan 2021–2030. Sri Lanka: Colombo.

Roy, S. S., & Yuan, F. (2007). Patterns and variability of 
summer NDVI in response to climate variables in Min-
nesota. GIScience and Remote Sensing, 44(2), 166–181. 
https:// doi. org/ 10. 2747/ 1548- 1603. 44.2. 166

Saparamadu, S., Yi, Z., & Zongping, Z. (2018). Temporal 
changes of land use land cover and environmental impacts: 
A case study in Colombo, Sri Lanka. International Jour-
nal of Earth & Environmental Sciences, 3(1). https:// doi. 
org/ 10. 15344/ 2456- 351x/ 2018/ 150

SAS Institute Inc. (2019). JMP® Version 15. Cary, North Car-
olina, USA. Retrieved from Cary, North Carolina, USA.

Scott, M., Sen Roy, S., & Prasad, S. (2016). Spatial patterns of 
off-the-system traffic crashes in Miami–Dade County, Flor-
ida, during 2005–2010. Traffic Injury Prevention, 17(7), 
729–735. https:// doi. org/ 10. 1080/ 15389 588. 2016. 11448 78

Söderman, T. (2006). Treatment of biodiversity issues in impact 
assessment of electricity power transmission lines: A Finn-
ish case review. Environmental Impact Assessment Review, 
26, 319–338. https:// doi. org/ 10. 1016/j. eiar. 2005. 10. 002

The National Red List 2020- Conservation Status of the Flora 
of Sri Lanka. (2020). Sri Lanka: Biodiversity Secretar-
iat (p. 254). Ministry of Environment and the National 
Herbarium. Department of National Botanic Gardens.

Thompson, S., Treweek, J. R., & Thurling, D. J. (1997). The 
ecological component of environmental impact assess-
ment  : A critical review of British environmental state-
ments. Journal of Environmental Planning and Manage-
ment, 40(2), 157–172.

Torres, A., Jaeger, J. A. G., & Alonso, J. C. (2016). Assess-
ing large-scale wildlife responses to human infrastruc-
ture development. Proceedings of the National Academy 
of Sciences of the United States of America, 113, 8472–
8477. https:// doi. org/ 10. 1073/ pnas. 15224 88113

Tullis-Joyce, P., & Roy, S. S. (2021). Occurrence of Kare-
nia brevis near Southwest Florida coast 1971 to 2017: 
A geospatial analysis. Journal of Coastal Conservation, 
25(6). https:// doi. org/ 10. 1007/ s11852- 021- 00844-1

UNEP-WCMC and IUCN. (2022). Protected area country profile 
for Sri Lanka from the world database of protected areas. 
Retrieved October 9, 2022, from www.protectedplanet.net

USGS. (2022). EarthExplorer. s
van der Ree, R., Smith, J. D., & Grilo, C. (2015). Handbook 

of road ecology. John Wiley & Sons. https:// doi. org/ 10. 
1007/ s13398- 014- 0173-7.2

Yengoh, G. T., Dent, D., Olsson, L., Tengberg, A. E., & 
Tucker, C. J. (2014). Use of the Normalized Difference 
Vegetation Index (NDVI) to assess land degradation at 
multiple scaless: a review of the current status, future 
trends, and practical considerations. Lund University 
Center for Sustainability Studies (LUCSUS), and The 
Scientific and Technical Advisory Panel of the Global 
Environment Facility (STAP/GEF) Retrieved from 
http:// link. sprin ger. com/ 10. 1007/ 978-3- 319- 24112-8

Zahir, I. L. M., Thennakoon, S., Sangasumana, R. P., Her-
ath, J., Madurapperuma, B., & Iyoob, A. L. (2021). 
Spatiotemporal land-use changes of Batticaloa munici-
pal council in Sri Lanka from 1990 to 2030 Using Land 
Change Modeler. Geographies, 1(3), 166–177. https:// 
doi. org/ 10. 3390/ geogr aphie s1030 010

Zhao, H., & Chen, X. (2005). Use of normalized difference 
bareness index in quickly mapping bare areas from TM/
ETM+. International Geoscience and Remote Sensing 
Symposium (IGARSS), 3, 1666–1668. https:// doi. org/ 10. 
1109/ igarss. 2005. 15263 19

Publisher’s note Springer Nature remains neutral with 
regard to jurisdictional claims in published maps and 
institutional affiliations.

Page 15 of 15    1281

https://www.tamilnet.com/img/publish/2020/03/NPPD-ENGweb-27_12.pdf
https://www.tamilnet.com/img/publish/2020/03/NPPD-ENGweb-27_12.pdf
https://doi.org/10.1016/j.landusepol.2020.104619
https://doi.org/10.2991/apte-18.2019.6
https://doi.org/10.1016/j.biocon.2014.10.010
https://doi.org/10.1111/j.1523-1739.2009.01254.x
https://doi.org/10.1017/S0959270910000432
https://doi.org/10.3390/land9010027
https://www.srs.fs.usda.gov/pubs/ja/ja_riitters003.pdf
https://www.srs.fs.usda.gov/pubs/ja/ja_riitters003.pdf
https://doi.org/10.2747/1548-1603.44.2.166
https://doi.org/10.15344/2456-351x/2018/150
https://doi.org/10.15344/2456-351x/2018/150
https://doi.org/10.1080/15389588.2016.1144878
https://doi.org/10.1016/j.eiar.2005.10.002
https://doi.org/10.1073/pnas.1522488113
https://doi.org/10.1007/s11852-021-00844-1
https://doi.org/10.1007/s13398-014-0173-7.2
https://doi.org/10.1007/s13398-014-0173-7.2
http://springerlink.bibliotecabuap.elogim.com/10.1007/978-3-319-24112-8
https://doi.org/10.3390/geographies1030010
https://doi.org/10.3390/geographies1030010
https://doi.org/10.1109/igarss.2005.1526319
https://doi.org/10.1109/igarss.2005.1526319

	Assessing the extent and impacts of linear infrastructure on Sri Lanka’s natural and protected areas: Implications for future development planning
	Abstract 
	Introduction
	Study area
	Datasets
	Satellite data
	Sri Lanka geospatial data
	LI network
	Climatic zones
	LULC data


	Methods
	Baseline spatial statistical analysis
	Satellite image analysis (NDVI and NDBI)
	Geostatistical analysis

	Results
	Baseline spatial statistics
	Spatial patterns of LI network, NDVI, and NDBI
	Clustering of habitats impacted by LI

	Discussion
	Acknowledgements 
	References




