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Abstract: Riparian zones, transitional areas between aquatic and terrestrial ecosystems, have high
plant species diversities. However, they are extremely vulnerable to natural factors, such as changes
in river hydrological conditions (floods, droughts) and disturbances from human activities (dams,
farmland encroachment, etc.). The distribution of plant life forms and variations in the degree of
vegetation coverage in a riparian zone can reflect changes in the environmental conditions. In this
study, we analyzed eight reaches from the four main tributaries (Dongyang River, Yang River,
Sanggan River, and Yongding River) of the Yongding River Basin, which were selected based on their
climate, terrain, and degree of human disturbance. One reach was located on the Dongyang River
(DYR), two reaches on the Yang River (YR1 and YR2), three on the Sanggan River (SGR1, 2, and 3),
and two on the Yongding River (YDR1 and YDR2). Unmanned aerial vehicle (UAV) technology was
used to obtain high-resolution, true-color, multispectral images. The distributions of the plant life
forms and the differences in the vegetation coverage were analyzed in the eight selected riparian
zones. The results showed that grasses dominated the riparian zone and shrubs and trees were
sparsely distributed along both banks of all streams, excluding SGR2 and YDR1. The areas with
an extremely high vegetation coverage classification accounted for the highest proportion in the
DYR (29.3%), YR2 (48.1%), SGR1 (32.9%), SGR2 (39.9%), SGR3 (85.1%), YDR1 (36.7%), and YDR2
(51.1%) reaches. Extremely low vegetation coverage accounted for the highest proportion in the YR2
reach, reaching 37.4%. This study indicated that natural factors and human activities have a serious
impact on the distribution of different plants life forms and vegetation coverage classifications in
the riparian zones of the Yongding River Basin. We hope that this research can provide practical
assistance in the efforts of ecological restoration and the management of riparian vegetation in the
Yongding River Basin.

Keywords: riparian vegetation; plant life-forms; vegetation coverage; UAV imagery; Yongding
River Basin

1. Introduction

Riparian zones, transitions between aquatic ecosystems and terrestrial ecosystems,
play an important role in the transfer of material, energy, and information between these
two ecosystems [1,2]. In this transitional zone, vegetation plays a key role, providing
many ecological functions and services, stabilizing riverbanks, regulating river water
temperature, intercepting pollutants [3], providing refuge for terrestrial plants and animals,
maintaining biodiversity [1], and providing recreational opportunities [4,5]. However, at
this connecting region between aquatic and terrestrial systems, riparian vegetation is more
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susceptible to disturbance from natural factors and human activities. Changes in river
hydrological conditions (floods, droughts), dam construction, farmland encroachment,
etc., all have important impacts on the composition and distribution of vegetation in the
riparian zone [6,7].

A plant life form refers to a group of plants that have participated in long-term adapta-
tion to their ecological environment and have similar external morphologies, physiologies,
structures, and habits. Having the same life form can reflect that the plants share similar
adaptability to the environment [8,9]. Because the plant life form reflects a plant’s adapta-
tion to its environment, consequences also exist regarding responses to natural factors, such
as changes in climate and disturbances resulting from human activities [8,10–12]. Therefore,
studying the distribution of the different life forms of plants in a riparian zone is of great
significance for understanding the changes in a riparian habitat caused by natural factors
or interference from human activities. Vegetation coverage is defined as the proportion of
ground covered by the aerial parts of plants when viewed from directly overhead [13,14].
As an important part of the physical structure characteristics of ecological communities,
vegetation coverage can adequately reflect the health status of plants [15]. In addition,
it is an important parameter that is used to describe land surface carbon, water and en-
ergy exchange models, as well as the basic data required for studying regional or global
issues, such as ecological environment changes, hydrological conditions, and meteorolog-
ical changes. Vegetation coverage is of great significance in revealing regional or global
vegetation growth statuses, evaluating land degradation [14]. Identifying changes in the
vegetation coverage in riparian zones can directly reflect the changes in river hydrological
conditions and the influence of human activities on riparian vegetation.

Most previous studies on riparian vegetation were based on in-site surveys [16,17].
Although these studies were very accurate, they required considerable manpower and were
time-consuming, especially when considering a large area [18]. Some riparian zones may
be difficult to access, leading to incomplete characterization of vegetation properties along
river networks. However, without sufficient and continuous surveying, it is impossible to
adequately quantify continuous processes on a large spatial scale [19,20]. The development
of remote sensing technology enabled large-scale research on riparian vegetation. With the
continuous advancement of remote sensing technologies, different remote sensing methods
were applied in response to the varying needs of riparian vegetation research. For large-
and subregional-scale research, airplane and satellite imagery was widely used [21–28].
For local-scale riparian vegetation research, unmanned aerial system (UAV) technology has
been increasingly applied since 2010, due to its cost-effectiveness and ability to obtain high-
resolution, spatial (up to subdecimeter) and temporal resolution images [29]. At present,
research on UAV technology in riparian vegetation mainly focuses on species identification
and invasive species monitoring [30–33]. Species identification is mainly applied to trees
and shrubs. Herbaceous plants in the riparian zone are difficult to distinguish because
of their dense distribution and similar spectral and textural characteristics. Nevertheless,
the use of UAVs also has a few shortcomings. Affected by weather conditions, excessive
wind speed affects its stability, and local UAV air control makes it impossible to apply
consistently. In addition, the limited battery and load capacity make its operational time
and spatial coverage limited, and some heavier sensors cannot be carried [34]. However,
with the miniaturization of high-quality sensors, this limitation was resolved.

In recent decades, stream flows in the Yongding River Basin were drastically reduced,
and the disturbances resulting from human activities continuously intensified [35,36].
Studying the distribution of different plant life forms and vegetation coverages can enable
the intuitive evaluation of the vegetation status in riparian zones and the impact of the
changes in stream flow and interference from human activities in the Yongding River Basin.
In this study, we hypothesized that the distribution of plant life forms and vegetation
coverage in the riparian zone were different under different climates, topographies, and
degrees of human disturbance. We selected eight reaches from the four main streams
(the Dongyang River, Yang River, Sanggan River, and Yongding River) in the Yongding
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River Basin, and used UAV technology to study the vegetation cover changes in the riparian
zone based on the climate, terrain, and degree of human disturbance,. The objectives of
the study were to (1) reveal the distribution of different plant life forms in the riparian
zone, (2) describe the differences in the vegetation coverage in the riparian zone among the
different reaches, and (3) evaluate the influence of natural factors and human activities on
riparian vegetation based on available data. Through our research, we hope to provide
assistance for the ecological restoration and management of riparian vegetation in the
Yongding River Basin.

2. Materials and Methods
2.1. Study Site

The Yongding River Basin spans five provinces and municipalities, including Beijing,
Tianjin, Hebei, Shanxi, and Inner Mongolia, covering an area of approximately 47,100 km2

(38◦52′22.8”–41◦14′45.6”, 111◦58′44.4”–117◦44′31”) [37]. With the Guanting Reservoir as
the boundary, the Yang River and Sanggan River are located in the upper section and act
as two important tributaries of the Yongding River. The Dongyang River is an important
tributary of the Yang River and is located on the plateau of Inner Mongolia. The Dongyang
River, Yang River, and Sanggan River are mainly located in semiarid regions. The Yang
River and Sanggan River merge to form the mainstream Yongding River in Huailai County,
Hebei Province. The Yongding River is mainly located in the lower reaches of the Guanting
Reservoir and is mainly located in subhumid areas. The annual average temperature and
rainfall in the basin are approximately 6–7 ◦C and 397.5 mm, respectively [36]. Temper-
ature and rainfall vary greatly throughout the year. The Yongding River Basin is mainly
dominated by plateaus and mountains, and the terrain is high in the northwest and low in
the southeast (Figure 1).The main land use types identified in 2018 were agriculture (42.2%),
forest (22.1%), grassland (25.7%), urban land (7.9%), water body (1.8%), and unused land
(0.3%) (www.resdc.cn). The landscape mainly consists of farmland, woodland and grass-
land in the Yongding River Basin. In recent decades, due to the intensification of human
activities, the degree of landscape fragmentation has increased [38], with the area of natural
wetland obviously reducing [39]. The vegetation coverage in the upper reaches of the
Yongding River Basin is relatively low, at less than 30%. In the middle and lower reaches
of the Yongding River Basin, from 1978 to 1987, the vegetation coverage declined sharply.
From 1987 to 1995, the vegetation coverage increased slightly but then declined rapidly [40].
In 2000, the vegetation coverage was at its lowest value in recent years, and the vegetation
coverage showed an upward trend from 2000 to 2004. The vegetation coverage tended to
be stable from 2004 to 2009. The main driving factor of changes in vegetation coverage is
human factors, followed by climate factors [40]. In terms of plant species, a survey on the
riparian zone of the Yongding River found that, according to life-form identification, only
13 species of woody plants exist in 10 families, 6 species of shrub plants are in 4 families,
and herbaceous plants are dominant [41].

2.2. Data Collection

From 12 July to 17 July 2019, we selected eight reaches of the Yongding River Basin
based on their different climate types, topographies and intensities of human activity
interference (Figure 2). The selected reach of the Dongyang River (DYR) was located in a
semiarid area and was less disturbed by human activities. The selected reach 1 of the Yang
River (YR1) and reaches 1 and 2 of the Sanggan River (SGR1 and SGR2) were located in
semiarid areas and were seriously disturbed by human activities. The selected reach 2 of
the Yang River (YR2) and selected reach 3 of the Sanggan River (SGR3) were located at the
junction of subhumid and semiarid areas and were less disturbed by human activities. The
selected reach 1 of the Yongding River (YDR1) was located in the sub-humid gorge area,
which was moderately disturbed by human activities. The selected reach 2 of the Yongding
River (YDR2) was located in the subhumid plain area, which was moderately disturbed by
human activities.

www.resdc.cn
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Figure 1. Geographic location of the study area (DYR: selected reach of the Dongyang River; YR1 and YR2: selected
reaches 1 and 2 of the Yang River; SGR1, 2, and 3: selected reaches 1, 2, and 3 of the Sanggan River; YDR1 and 2: selected
reaches 1 and 2 of the Yongding River).

For each river reach, UAV shooting was controlled within the range of 200–300 m in
width and 300–500 m in length for later extraction. An RGB (Red–Green–Blue) camera
was flown on a fixed-wing UAV at a height of 100 m (DJI PHANTOM 4 RTK, 8.8 mm
focal length lens, field of view (FOV) = 70◦(horizontal) × 50◦(vertical), shutter speed
1/2000 s, ground sampling distance (GSD) = 2.74 cm, forward overlap 80%, side overlap
70%) for RGB imagery. A six-rotor drone (DJI M600) equipped with a MicaSense Altum
multispectral camera was used to acquire multispectral images at 70 m above ground level,
providing 75% side overlap between flight strips and 80% forward overlap. The MicaSense
Altum multispectral camera had an 8 mm focal length lens, providing fields of view of
48◦and 36.8◦ in the horizontal and vertical directions, respectively. The ground sampling
distance (GSD) of the raw imagery was 2.9 cm. Multispectral sensors measured the blue,
green, red, near-infrared, red edge, and thermal infrared bands, and the center wavelength
and bandwidth are shown in Table 1.

Table 1. The center wavelengths and bandwidths for the MicaSense Altum multispectral camera.

Name Center Wavelength Bandwidth

1 Blue 465 nm 32 nm
2 Green 560 nm 27 nm
3 Red 668 nm 16 nm
4 Red edge 717 nm 12 nm
5 Near-infrared 842 nm 57 nm
6 Thermal 11 µm 6 µm
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Figure 2. Unmanned aerial vehicle (UAV) images of the eight selected reaches.

To more accurately describe the distribution of plant life forms in the riparian zone,
using the UAVs to obtain images of the vegetation in the riparian zone, we also conducted
in situ vegetation surveying. The on-site vegetation survey was carried out approximately
two weeks after the UAV surveying, from 30 July to 5 August 2019.

2.3. Data Process

The Agisoft MetaShape 1.5.5 professional software was used for preliminary image
processing to generate orthophotos and digital surface models (DSMs). On the basis of
DSMs, we reacquired the surface elevation data of bare ground and removed plant height,
and carried out Inverse Distance Weighted (IDW) interpolation in ArcGIS to obtain the
Digital Terrain Model (DTM) of the selected river reaches. We used ArcGIS 10.2 to extract
the riparian zone of the generated orthophoto (avoiding farmland as much as possible).
Due to the partial data loss of the multispectral images in parts of the river reaches (YR1,
SGR2, and YDR2), the range of the extracted riparian zone was smaller than that of the true
color RGB image. The riparian zone extracted from each river reach is shown in Figure 2.
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We used ArcGIS 10.2 for visual interpretation of the true-color RGB images to divide
the vegetation in the riparian zone into trees, shrubs, and grasses groups. ENVI 5.3 was
used to calculate the normalized difference vegetation index (NDVI) using the multispectral
images. The formula for calculating NDVI is as follows:

NDVI =
ρNIR − ρRED
ρNIR + ρRED

(1)

where ρNIR is near-infrared reflectance, and ρRED is the red reflectance.
Due to the good correlation between the vegetation coverage and the NDVI value, a

dimidiate pixel model was used to calculate the extracted NDVI to obtain the vegetation
coverage [42]. The formula used is as follows:

VC = (NDVI−NDVIsoil)/
(
NDVIveg −NDVIsoil

)
(2)

where VC is the vegetation coverage, NDVIsoil is the value of NDVI for bare soil or areas
without vegetation cover, and NDVIveg is the value of NDVI for the area completely
covered by vegetation. The theoretical value of NDVIsoil is 0, and it is not easily altered.
Due to the influence of many factors, the value range is −0.1 and 0.2. The theoretical
value of NDVIveg is 1, but it is altered by the influence of the atmosphere and vegetation
type. With reference to previous research results, the 5% confidence interval of the NDVI
value is intercepted. The obtained the NDVIsoil and NDVIveg values are used as input into
Formula (2) to solve for the vegetation coverage. The results of the vegetation coverage
dichotomy model were reclassified by ArcGIS 10.2 into different grades (0–20%: extremely
low; 20–40%: low; 40–60%: medium; 60–80%: high; 80–100%: extremely high), which were
outputted to a map.

3. Results
3.1. Distribution of Plant Life Forms in the Riparian Zone

As seen in Figure 3, excluding SGR2 and YDR1, the reaches were dominated by
grasses, especially that of DYR, YR2, and SGR3. There were no shrubs in the riparian zones
of YR2 and YDR2. Shrubs were widely distributed in the riparian zone of the SGR2 reach.
There was sparse distribution of shrubs in the riparian zone of reaches DYR, YR1, SGR1,
SGR3, and YDR1. The shrubs in the riparian zone of the SGR1 reach were distributed near
the river water. In other reaches where there were shrubs present, the shrubs were mainly
distributed in areas far away from the river water. Excluding the no-tree distribution in
the riparian zone of the SGR2 reach, there were trees in the riparian zones of all reaches.
Trees in the riparian zone of the YR2, SGR1, and SGR3 reaches were mainly distributed
near the river. Trees in the riparian zone of the DYR, YR1, and YDR2 reaches were mainly
distributed far away from the river.

3.2. The Vegetation Coverage in the Riparian Zone

From the results shown in Figure 4 and Table 2, we found that the percentage of
areas classified with extremely high vegetation coverage in the riparian zone of the SGR3
reach was the highest compared with other reaches, reaching 85.06%. In the riparian zone
of the DYR (29.33%), YR2 (48.11%), SGR1 (32.95%), SGR2 (39.90%), YDR1 (36.69%), and
YDR2 (51.10%) reaches, the extremely high vegetation coverage class also accounted for the
highest proportion. The proportion of extremely low vegetation coverage in the riparian
zone of the YR1 (37.43%) reach was much higher than that of other reaches. Except for the
YR1 reach, the riparian zones of all other reaches were mainly classified as having high
and extremely high vegetation coverage, accounting for more than 50% of the areas.
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Figure 3. The distribution of the different plant life forms in the riparian zones of the eight se-
lected reaches.

Table 2. The proportion of different vegetation coverage grades in the selected eight reaches.

DYR YR1 YR2 SGR1 SGR2 SGR3 YDR1 YDR2

Extremely Low
0–20% 12.0% 37.4% 14.4% 10.3% 0.6% 3.6% 17.4% 10.5%

Low
20–40% 10.7% 28.4% 5.4% 24.5% 9.2% 1.6% 15.3% 10.9%

Medium
40–60% 20.9% 10.2% 10.1% 15.0% 23.4% 2.9% 13.1% 12.3%

High
60–80% 27.1% 7.5% 22.0% 17.3% 26.9% 6.8% 17.5% 15.2%

Extremely High
80–100% 29.3% 16.5% 48.1% 32.9% 39.9% 85.1% 36.7% 51.1%
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Figure 4. Vegetation coverage of the riparian zones of the eight selected reaches (0–20%: extremely
low; 20–40%: low; 40–60%: medium; 60–80%: high; 80–100%: extremely high).

4. Discussion

The type and distribution of vegetation across the riparian zones are affected by
many factors, such as the climate, river hydrology, local geomorphology, and disturbance
frequency and intensity of human activities [1,43–46]. Most of the Yongding River Basin
belongs to semiarid area. Less rainfall causes the riparian zone to be dominated by
herbaceous plants (DYR, YR1, YR2, SGR1, and SGR3). Based on Figure 4 and Figure S1, the
reaches with low perennial average precipitation (DYR, YR1, and SGR1) had a significantly
lower occurrence of areas with extremely high vegetation coverage than that of the reaches
with high perennial average precipitation (YR2, SGR3, YDR1, and YDR2). Stream flow in
the Yongding River Basin has declined drastically in recent decades (Figure S2), causing
some streams to be cut off and vegetation along the riparian zone to seriously degrade,
with the extremely low and low vegetation coverage classes occupying a large area (YR1).
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The riparian zones in the selected reaches generally showed small elevation differences
from the near riverbank to the high land, except for YDR1, but they all exhibited a clear
gradient (Figure 5). Except for a few reaches, shrubs and trees tended to be distributed in
the higher portion of the terrain. In the reaches with an abundance of shrubs and trees,
the vegetation coverage of the riparian zone was also relatively high (YR2, SGR2, SGR3,
YDR1, YDR2). The YDR1 riparian zone located in the mountain region showed the largest
proportion of trees, which was similar to studies in other regions [2].
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The impact of human activities on the vegetation in the riparian zone is mainly
expressed through the construction of dams to regulate water flow, ecological water replen-
ishment, projects for riparian restoration, farmland encroachment, grazing and trampling
of cattle and sheep, and the destruction of riverbeds and riparian zones caused by the
illegal mining of river sands [45,47–49]. The southern bank of the reach selected from the
Dongyang River was more severely grazed by cattle and sheep, so the vegetation cover
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was sparser compared to the northern bank (Figure 4 and Figure S3a). The trees and shrubs
on the north shore not only increased the vegetation coverage, but also provided protection
for herbaceous plants from grazers [50]. The riparian zone was already degraded due to
the decrease in stream flow. It suffered further damage from the mining of river sands,
which further intensified the degradation of riparian vegetation (YR1). The farmland
encroachment not only reduced the width of the riparian zone and destroyed the native
vegetation but also led to the construction of a road running through the riparian zone
for to the movement of farming equipment, severing the connection between the aquatic
ecosystem and the terrestrial ecosystem of some reaches (YR2, SGR1, SGR3, and YDR2)
(Figure S3). The implementation of ecological water replenishment projects caused a rapid
increase in the instantaneous flow of the stream, which intensively scoured the plants in
the riparian zone, causing a large-scale plant death (Figure S3d). The riverbank scoured by
these events now has sparse vegetation (SGR1). Although the implementation of ecological
restoration projects strengthened the riparian zone to a certain extent, it changed its original
characteristics. The installation of artificial plants in the riparian zone can increase vegeta-
tion coverage, however, it also seriously reduces the species diversity and may increase
the risk of alien species invasion. It is difficult to restore the vegetation diversity in the
artificial riparian zone because of the destruction of the original plant habitat. In addition,
due to the beautiful scenery at the gorge reaches and the development of tourism, the ri-
parian vegetation was further destroyed (YDR1). The number of trees in the YDR1 riparian
zone increased as a result of planting a large number of jujube trees (Ziziphus jujuba Mill.)
along the riparian area. The reaches that suffered little disturbance from human activities
maintained a good vegetation succession from near the riverbank to the high land (DYR).
Conversely, the vegetation structure of the riparian zone was destroyed, and the coverage
was also reduced in the reaches where human activities seriously disturbed the vegetation
(YR1, SGR1 and SGR2).

5. Conclusions

In this study, we revealed the different distributions of different plant life forms and
the varied vegetation coverage across eight selected reaches and evaluated the influence
of natural factors and human activities on the riparian vegetation based on available data
in the Yongding River Basin, using UAV remote sensing imagery. We found that the
distribution of the different plant life forms and the degree of vegetation coverage differed
among reaches due to variations in the climate type and level of human disturbance.

Due to changes in stream flow and interference from human activities, the vegetation
coverage in the riparian zones of some reaches (YR1, SGR1) was significantly lower than
in other reaches. We anticipate that our study can provide assistance toward ecological
restoration efforts and the management of riparian vegetation in the Yongding River Basin.
Our research was limited to the seasons during which plant growth activity was highest.
Further investigations performed in different seasons will help to further understand the
riparian vegetation present in the Yongding River Basin.
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