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Abstract: Roads are conspicuous components in a river landscape; however, their impacts on river landscape patterns and ecological 

processes have not been systematically studied at the watershed scale. In this paper, the Lancang River Valley in Yunnan Province, 

China was selected as a case to study road lateral disconnection and crossing impacts and identify river-road network interaction. This 

study was primarily focused on the road impacts on soil erosion intensity and patch density by using GIS analysis at different scales and 

explored their distribution with terrain factors. The results showed that river density revealed spatial autocorrelation although both of the 

roads and rivers were distributed unevenly in the valley. The lateral road (road curvature ≥ 1.1) proportion correlated with soil erosion 

intensity (p  0.01) at the small sub-basin scale. Soil erosion intensity decreased with increasing lateral road buffer width. Light erosion 

generally accounted for a large proportion of the erosion in the lateral road buffer zones (1.0–4.0 km), while higher class lateral roads 

imposed greater impacts on soil erosion than lower class roads, which primarily had a moderate erosion level. In addition, the results of 

road-river intersection density indicated that road crossing impacts were significantly correlated with patch density at the small 

sub-basin scale. Topography factor (percent of slope > 25° in each sub-basin had a close relationship with the ratio of total length of road 

line with curvature value ≥ 1.1 to the total number of intersections. The correlation (p  0.01) between road impacts and terrain factor 

revealed that topography affected the road impact distribution in the Lancang River Valley. 
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1  Introduction 

Human activities have profoundly transformed river 
landscapes in many fields, such as watersheds, micro-
climate, and channels, which in turn modify the hydro-
logic, biotic, and sediment fluxes through river systems 
(James and Marcus, 2006). Road construction and utili-
sation are included in these activities. In fact, a road is a 
conspicuous landscape component and an anthropogenic 
disturbance imposing distinct patterns and influencing a 
wide range of ecological processes (Forman and Alex-
ander, 1998; Forman and Deblinger, 2000; Hawbaker et 

al., 2005). The ecological impacts of a road may include 
the following: 1) disruption of hydrological process 
(Campbell and Doeg, 1989; Jones et al., 2000); 2) al-
teration of disturbance areas (Bellinger et al., 1989; 
Kouki et al., 1997), soil movement and erosion (Ama-
ranthus et al., 1985); 3) imposition of edge effects of 
multiple types (on structure, function and composition) 
and different depths (Meffe et al., 1997; Voller, 1998); 
and 4) fragmentation of remaining habitats (Coffin, 
2007). 

River connectivity varies in three spatial dimensions, 
i.e., lateral, longitudinal and vertical dimensions 
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(Amoros et al., 1987; Ward, 1989). Lateral connectivity 
includes slope-channel and channel-floodplain relation-
ships that drive the supply of materials to a channel 
network. Longitudinal connectivity, such as upstream- 
downstream and tributary-trunk stream relationships, 
drives the transfer of flow through a system and the 
channel ability to transfer or accumulate sediments of 
variable caliber on the valley floor. Vertical connectivity 
refers to surface-subsurface interactions of water, sedi-
ment and nutrients (Brierley et al., 2006). Lateral and 
longitudinal disconnection, the focus of this study, is 
recognized as the significant impacts on ecological 
function in the river landscape (Blanton and Marcus, 
2009). The lateral disconnection could cause adverse 
impacts on the development of floodplain evolution, 
side-channel habitats, riparian ecosystem processes, and 
biodiversity in the river landscape (Bravard et al., 1986; 
Ward and Stanford, 1995). The longitudinal disconnec-
tion could negatively affect the transfer of flow and 
sediments in the river (Ward, 1989). The results of 
Blanton and Marcus (2009) indicated that consideration 
at the broader spatial extent suggests that the impacts of 
a road along a river landscape are primarily divided into 
two different categories: lateral disconnection impacts 
such as levees and crossing impacts such as bridges. 
Roads laid along rivers alter the river system connec-
tivity, such as the exchange of water, sediment, and bi-
ota between components of the river landscape (Tockner 
et al., 2000). Previous studies on road impacts in the 
river landscape primarily are focused on how roads act 
as barriers to affect the movement of wildlife popula-
tions (Oxley et al., 1974; Wilkins, 1982; Mader, 1984; 
Mech et al., 1988; Brody and Pelton, 1989; Mader et al., 
1990; Develey and Stouffer, 2001; Bhattacharya et al., 
2003) and road effects on the fragmentation of the land-
scape (Heilman et al., 2002). Relatively few studies 
were concentrated on road impacts on river connectivity 
at the small sub-basin scale. The study of (dis)connec-
tivity helps to understand road impacts on the river 
landscape. 

During rapid economic development, many high- 
level roads have been constructed in Yunnan Province 
under the Western Development Strategy of China, and 
the road network is one of the largest single disturbance 
factors in this region (Liu et al., 2008). Researches on 
the unique ecological characteristics of the natural en-
vironment in Yunnan Province, the ecologically impor-

tant status of the Lancang River Valley, and road im-
pacts have significant practical application in this region 
(Liu et al., 2005). In this study, the Lancang River Val-
ley was selected as a case to quantify the road lateral 
disconnection and crossing impacts. 

This study examines the following issues: 1) charac-
terisation of the potential road network impacts (lateral 
disconnection and crossing impacts) in the Lancang 
River Valley; 2) exploration of the appropriate scale for 
the analysis of road impacts on the landscape pattern 
and ecological processes; and 3) the distribution of road 
impacts with terrain variation in the entire valley.  

2  Materials and Methods 

2.1  Study area 
The Lancang River Valley is located in the western part 
of Yunnan Province, China (21°08′–29°15′N, 98°36′– 
102°19′E) (Fig. 1). The 1247 km river course includes 
an area of approximately 88 655 km2 across 39 counties, 
comprising 37.2% of the area of Yunnan Province. 
Strong runoff seasonality existed in the Lancang River 
with 70% of the overall annual water flow and water 
flow peak usually in August and September (Jacobs, 
2002). The average rainfall is approximately 250 mm in 
the northwest and 500 mm in the southeast parts of the 
river (Liu et al., 2008). From the river source to the river 
mouth, the Lancang River passes through a variety of 
climatic zones, from the frigid zone to the torrid zone, 
including a dry-cold zone, a dry-hot zone, and a wet-hot 
zone. The river gorge is steep in Yunnan, with slopes 
ranging from 1.5‰ in the upper part to 0.8‰–1.0‰ in 
the middle and lower parts, and the average elevation is 
approximately 2000 m. The climate types, complicated 
topography, rich biological diversity and complex eco-
systems make the Lancang River Valley a key region in 
Yunnan Province (Liu et al., 2008). Together with the 
complex climate and topography and various forms of 
human activities, road construction has resulted in many 
isolated ecosystems and a diverse landscape mosaic. 
Recently, the demand for larger and better road net-
works has remarkably increased with rapid local eco-
nomic development, and two international passages and 
several expressways that cross the valley are now under 
construction. The ecological impacts of road network on 
the valley's river landscape have become an important 
topic to scientists. 
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Fig. 1  Location of Lancang River Valley in Yunnan Province 
 

2.2  Methodology 
2.2.1  Data sources 
The Lancang River Valley was subdivided into 956 
small sub-basins to compare the regional-extent indica-
tive metrics of the potential road impacts on the river-
scape with GIS software. The road data in vector format 
in this study were digitised by using the transportation 

map of Yunnan Province and confirmed with the 1∶ 

250 000 scale road database produced by National Fun-
damental Geographical Information Centre in 2008. 
According to Shi (2008), the roads were classified into 4 
classes: trunk roads, town roads, village roads and un-
paved roads. Landsat TM images in 2007 were classi-
fied into forest, grassland, farmland, saline land and 
marshland, urban land, rural residential land, and con-
struction land for land cover mapping. Then, the map 
was validated by using ground truth data, which indi-
cated an overall accuracy of at least 90% and a Kappa 
coefficient of 0.88. The soil erosion map at a scale of 

1∶100 000 of the Lancang River Valley were used to 

analyze road ecological impacts. The soil erosion inten-
sity detected by the spectral features in remote images 

was primarily identified in three classes, namely, light 
erosion, moderate erosion, and severe erosion (Liu et al., 
2005).  
2.2.2  Methods 
According to the framework suggested by Forman et al. 
(2003), the following approaches were primarily applied 
to analyze the interaction between road and river net-
works: 1) the general interaction pattern of the road- 
river network; and 2) the analysis of the road impacts 
with the soil erosion intensity and patch density.  

The following approaches were used to obtain the 
general interaction pattern of the road-river network: 1) 
road and river network density, 2) road network curva-
ture, 3) road-river intersection density, 4) topography 
metrics and 5) buffer analysis. The measurement of road 
and river network density was firstly performed in this 
study for two reasons; density is the simplest spatial 
measure of ecological impacts, and many ecological pat-
terns are strongly linked to density patterns (Forman et 
al., 2003). Spatial distribution of road and river network 
density was examined by spatial autocorrelation analysis 
by using the Moran I index in the GIS software. Based 
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on the isomorphism (similarity in pattern) between 
transportation networks and river networks (Haggett, 
1967), the road curvature index (RCI) proposed by 
Blanton and Marcus (2009) was applied to differentiate 
the straight road lines from the curvy lines as follows: 

RCI = Ls / Lsf  (1) 

where Ls is the curvilinear length of a section of road 
line, and Lsf is the linear distance between the start and 
finish points for each line segment. Blanton and Marcus 
(2009) suggested that curvature values ≥ 1.1 represented 
the locations where road lines followed the pattern of 
river valleys, while the values lower than 1.1 were asso-
ciated with radial patterns in low relief areas, and road 
lines with curvature values ≥ 1.1 as portions of the road 
network indicate a high potential for lateral disconnec-
tion along their lengths. We calculated the percent of the 
total road length with curvature values ≥ 1.1 in each 
region and identified the roads with curvature values ≥ 
1.1. The road-river crossings were obtained through the 
intersection of road layer and river layer in the GIS 
software and the road-river crossing density was ob-
tained by dividing the crossings by the sub-basin area. 
We selected the average slope of each sub-basin to 
characterise the potential contribution of topography to 
the distribution of the road impacts type. The slope de-
gree was derived from DEM (short for digital elevation 
model, derived from National Geomatics Center of 
China with the resolution of 25 m) and reclassified into 
five ranks: 0°–2°, 2°–6°, 6°–15°, 15°–25° and above 25°. 
We calculated the percentage of the total area of each 
region which was classified into the last rank (> 25°) to 
obtain an indicator of the topography. The quartile map 
of the proportion of areas with a slope degree above 25° 
is shown in Fig. 2. 

Patch density and soil erosion intensity were selected 
to indicate the landscape pattern and ecological process. 
Patch density, the indicator of landscape fragmentation 
and spatial heterogeneity, was widely applied to indicate 
the landscape pattern change. The patch density (at 
landscape level) in each sub-basin was calculated by 
using GIS software. Soil erosion, which significantly 
affects the floodplain of the river system, is an important 
ecological process observed in the Lancang River Val-
ley. The soil erosion intensity was obtained as soil ero-
sion area divided by the total area. Based on the previ-
ous research on this topic and the correlative studies in 
this region (Liu et al., 2008; Shi et al., 2008), we set 

four different buffers (1 km, 2 km, 3 km and 4 km, re-
spectively) for all road classes. This two-sided buffer 
distance does not account for road width. To study the 
correlation between road networks and soil erosion, we 
calculated the soil erosion proportion in each buffer and 
determined the variation as the buffer width increased. 

3  Results 

3.1  General interaction pattern of road and river 
network 
3.1.1  Road and river network density  
The sub-basins located in the southwest part of the val-
ley have the highest road densities and the least differ-
ence between road and river network densities (Fig. 3). 
In contrast, the sub-basins in the south and central of the 
valley have lower road densities and the largest differ-
ence between river and road densities. The distribution 
of the difference of road and river network densities 
revealed the general pattern of an east-west, high-to-low 
gradient. The sub-basins located in the central part of 
the valley have relatively higher road and river network 
densities as many sub-basins with the third highest 
road/river densities and above located there. 

The correlogram for spatial autocorrelation of the 
road and river network density was obtained through the 
Global Moran′s Index calculation, and the values were 
0.10 and 0.47, respectively. The values indicated that 
the distribution of the river network was not completely 
random and had a certain degree of spatial concentration, 
while the road network revealed almost no spatial con-
centration. The spatial link characteristics suggested that 
the sub-basins near those with high river network den-
sity values also have high density values of river net-
work, while the subcatchments near those with low river 
network density values often have low river network 
density values. The positive spatial correlation property 
certified the spatial difference in river network in the 
Lancang River Valley. 
3.1.2  Intersection and network curvature 
Figure 4 shows the distribution of road-river intersection 
density. The subcatchments in the north and parts of the 
central region of the valley have more intersections per 
1000 km2, while the south regions have relatively fewer 
intersections. The correlation between the intersections 
in each sub-basin and road network density was analyzed, 
and the results showed significant correlation (r = 0.387). 

The geographic distribution pattern of the percentage 
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Fig. 2  Quartile map of proportion of areas with slope degree above 25° in each region. The ′highest′ quartile ranking indicates the 
highest proportion of areas in subcatchments with slope above 25° 

 

of roads with curvature value ≥ 1.1 revealed a similarity 
to the intersection distribution (Fig. 5). More roads with cur-
vature value ≥ 1.1 are located in the north and central re-
gions of the valley, while relatively fewer lateral roads are 
located in the south regions, and the differences still existed. 

3.2  Relationship between road impact and soil 
intensity and patch density 
The correlations between soil erosion and road impacts, 
including lateral disconnection and crossing impacts, 
were calculated, and the results indicated that the road- 
river intersection density did not significantly correlate 
with the soil erosion intensity in each sub-basin. The 
road network curvature index revealed the significant 

correlation with the soil erosion intensity in each sub- 
basin (Table 1). The degree of correlation here indicated 
that the road network curvature index revealed no cor-
relation with the patch density in each sub-basin, while 
the road-river intersection density revealed significant cor-
relation with the patch density in each sub-basin (Table 1). 

3.3  Erosion distribution in buffer zones alongside 
lateral roads 
The results of Fig. 6 showed that light erosion was a 
major erosion type in the buffer zones on both sides of 
the road. Except in the town road buffer, the erosion 
proportion of the three erosion types generally followed 
the pattern below: light erosion > moderate erosion > 
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Fig. 3  Quartile maps of road and river network density. Left, road network density; right, river network density. The ′highest′ quartile 
ranking indicates the highest river/road network density in subcatchments  
 

severe erosion. The erosion proportion in the buffer 
zones reduced with increasing distance to roads; the 
minimum erosion proportion was found in the 3.0–4.0 
km buffer, and the maximum erosion proportion was 
found in the 0–1.0 km buffer. Severe erosion covered a 
relatively limited area, and this trend had a relatively 
slow change compared to light and moderate erosion. 
Light soil erosion was less related to the distance to 
trunk and town roads and more related to village and 
unpaved roads, but moderate soil erosion showed an 
opposing relationship with the distance to the roads. The 
distance to village and unpaved roads had a greater ef-
fect on light erosion, and the distance to the trunk and 
town roads had a greater effect on moderate erosion. 
Therefore, more attention should be paid to soil conser-
vation during the construction of higher class roads 
which have greater impacts on soil erosion. 

4  Discussion  

4.1  Comprehensive effects of roads and terrain 
conditions on soil erosion 
Blanton and Marcus (2009) proposed an index for the 
proportion of potential lateral disconnection to crossing 

impact, which was the ratio of total length of road line 
with curvature value ≥ 1.1 to the total number of inter-
sections. The index revealed significant correlation (r = 
0.111) with the percent of region with the slope degree 
above 25° in each subcatchment; the results verified that 
the terrain in the valley determined the configuration of 
the road network, and the configuration determined the 
categories of the road impacts along the valley. How-
ever, the results indicated that more lateral roads were 
located in the steep regions in the Lancang River Valley, 
which might partially explain why the regions with a 
high curvature value had a larger area of soil erosion. 
Slope was an additional primary factor affecting soil 
erosion intensities, indicating that the soil erosion in the 
Lancang River Valley was caused by multiple factors 
rather than the lateral road factor. Landscape, including 
land use, parent material, landform, alongside the roads 
of various classes, affected soil erosion (Pan et al., 
2005). The construction of lateral roads (especially the 
trunk and town roads) destroyed the forests nearby be-
cause the zones close to roads were relatively easy to 
destroy. Therefore, it is concluded that the road impacts 
on soil erosion were strengthened by steep landforms 
and anthropogenic activities. 
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Fig. 4  Quartile map of road-river intersections. The ′highest′ quartile ranking indicates the highest road-river intersection density in 
subcatchments 

 
4.2  Scale effects on road impacts in river land-
scape 
Spatial patterns are widely recognised as changing with 
the scale of observation or analysis, which could be 
viewed as a scale-dependent effect (Gardner, 1998; Wu 
et al., 2000). We explored the scale effects on road im-
pacts in the river landscape by maintaining the grain 
size constant as the extent varied. We divided the entire 
Lancang River Valley into three patterns according to 
the area of the sub-basin to represent small, medium and 
large scales. The results in Table 2 show that significant 
correlation was only found between road lateral impact 
and patch density at the medium scale, and no signifi-
cant correlations were found among these factors at the 
large scale. The relationships at the medium and large 
scales were clearly quite different from those at the 

small scale, indicating that road impacts were not iden-
tified at the relatively large scale and that changes in 
scale affected the spatial analysis results.  

The road crossing impacts were significantly corre-
lated with patch density at the small scale (Table 1), and 
road lateral disconnection impacts were correlated sig-
nificantly with patch density at the large scale, indicat-
ing that changing the scale altered the main type of road 
impacts on the river landscape, which might be partly at-
tributed to the variation of the patch density pattern with 
the extent altering (Wiens, 1989; Wu, 1999). Notably, 
the results of soil erosion intensity and patch density re-
vealed significant correlation with road lateral disconnec-
tion and crossing impacts only at the small scale (Table 
1), which indicated that the small scale was appropriate 
for analysis of the road impacts on the river landscape. 
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Fig. 5  Quartile map of proportions of roads with curvature  1.1. The ′highest′ quartile ranking indicates the highest proportion of road 

with curvature  1.1 in subcatchments 
 

Table 1  Spearman rank correlation of road impact and metrics 
in small sub-basins 

Metrics 
Road-river  

intersection density 
Road network  

curvature value index

Patch density 0.085* –0.014 

Erosion intensity 0.067 0.156** 

Terrain factor –0.063 0.294** 

Notes: Values given are Spearman's Rho (rs). *, significance at 0.05 level; 
**, significance at 0.01 level 

4.3  Implications of this study and future research 
According to the results of Liu et al. (2008), we used 
road data to assess the potential road impacts on the 
river landscape and applied a network that contained all 
road types. Our results showed that lateral road discon-
nection caused soil erosion. This finding was consistent 
with the result from Blanton and Marcus (2009), sug-
gesting that disconnection led to floodplain habitat 

richness and degraded riparian ecosystems. Lateral 
roads in the Lancang River Valley, especially high-class 
roads, were identified as impacting the soil erosion in-
tensity. The above results revealed that the disconnec-
tion caused by the roads in the valley required more in-
vestigation. Identification of the lateral roads in the re-
gion could show sites with higher erosion risk, and this 
information would be helpful for road planning in the 
valley region. Our results certified the impact of the 
longitudinal disconnection caused by the road-river in-
tersection on the landscape fragmentation in the valley, 
while future research should be conducted on the effects 
of the fragmentation on the river systems. We assessed 
how roads as a whole impact the valley, which serves as 
an important preliminary study to understand the mag-
nitude and distribution of the impact caused by roads 
across the Lancang River Valley and provides a basis 
for integrated measures in the further research. 
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Fig. 6  Erosion proportion variation in buffer zones of different classes of lateral roads. a, trunk road; b, town road; c, village road; d, 
unpaved road 
 
Table 2  Correlation of road impacts and metrics at medium and large scales  

 Large Scale Medium Scale 

Metrics 
Road-river intersection  

density 
Road network curvature 

value index 
Road-river intersection  

density 
Road network curvature  

value index 

Patch density –0.156 –0.365 –0.016 0.235* 

Erosion intensity –0.164 0.032 –0.145 0.046 

Notes: Values given are Pearson's R. *, significance at 0.05 level; **, significance at 0.01 level. Large scale: 25 sub-basins with average basin area of 
2889.89 km2; medium scale: 93 sub-basins with average basin area of 776.85 km2 

 

5  Conclusions 

This study characterised the potential road network im-
pacts on the patch density and soil erosion in the Lan-
cang River Valley, explored the scale effects of road 
impacts and discussed the variation of road impacts dis-
tribution along with the terrain variation. In the Lancang 
River Valley, we found that the road network in differ-
ent configurations impacted the landscape pattern and 

soil erosion, and scale effects existed on road impacts in 
the river landscape. The results of buffer analysis 
showed that high-class lateral roads had greater impacts 
on soil erosion, to which more attention was needed to 
pay. In addition, the results indicated that the valley ter-
rain determined the road network configuration and the 
road impact type along the Lancang River Valley. 

This study provided useful information for under-
standing the road lateral disconnection and crossing im-
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pacts. However, further research is needed to 1) under-
stand the mechanism on how the road network in dif-
ferent configurations affects the landscape pattern and 
the ecological processes, and 2) analyze the effects of 
fragmentation on the river systems. 
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