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The rate at which forest ecosystems are lost and modified across tropical 
landscapes are alarming, yet proper documentation and proactive mea-
sures to curtail this still remains a huge challenge in most areas. This 
research focused on elucidating the ongoing land use change patterns 
of a riparian forest landscape, its current impacts on the ecosystem and 
land surface temperature, as well as its likely future scenarios for the 
zone. LANDSAT images were downloaded for 1988, 2003 and 2018 
and used to show the dynamics for the zone, its drivers and their varying 
temperatures. Maximum Likelihood Classification algorithm was used 
for the classification and the land-use classes were categorized as: Water 
body, Farms and Sparse Vegetation, Built-up Areas, Bare Surface, and 
Thick Vegetation. Furthermore, Markov Chain Analysis was employed 
for understanding the future patterns of land use change in the zone. Land 
use categories experienced changes over the three epochs, but among all, 
farmlands/ sparse vegetation and thick vegetation had the most significant 
changes from 7.70 to 58.67 percent and 73.56 to 20.58 percent, respec-
tively; implying that much of the forestland use/cover (which constituted 
the bulk of the land initially; 73.56 percent) were converted to agricul-
tural land use. This same trend at which agriculture grew in the zone was 
seen to affect the land surface temperature for zone (Pearson correlation 
coefficient of  0.99 with p = 0.0058 at 0.05 level of significance). Future 
projection for the zone equally showed that agricultural land use will 
likely dominate the entire landscape in the coming years and a conse-
quent impact on the climate and ecosystem expected as well. On that 
note, intensive agricultural practices that seek to maximize allocated farm 
units were advocated. Such initiatives will help to ensure that agricultural 
growth is contained within delimited zones so that haphazard cultivations, 
reductions in ecological value of the forest landscape and consequent cli-
matic impacts could be managed across the region. 
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1. Introduction 

Much of the terrestrial ecosystem and their bio-
diversity have been altered across the globe. 
Land use change and intensification are to 

a large extent responsible for these changes globally [4] 

and for each spatial scale where they occur, consequent 

impacts abound. Such changes threaten forest biodiver-

sity, responsible for the modification of spatial patterns 
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in forest landscapes and ultimately lead to biodiversity 
loss across spatial scales [11,12].  Though these changes af-
fect ecosystems globally, they are quite significant across 
tropical landscapes. This is a major source of concern 
especially because tropical landscapes are incidentally 
where much of the terrestrial biodiversity are found [15] 
and so calls for concerted attention. Since such changes 
pose threats to the bulk of terrestrial biodiversity (which 
are found in tropical ecosystems) [7] and affect ecosystem 
services, functions and livelihoods that depend on them 
[8], it is imperative and needful that such concerns are ad-
dressed. 

Disruptions going on in tropical ecosystem are thought 
to constitute a greater peril for global biodiversity than 
any other contemporary phenomenon [3,10,18] and have 
become a major concern because the bulk of ecosystem 
services especially carbon storage and climate regulation 
are dependent on it [9]. The pattern this is seen to occur 
vary across the tropics but on the whole, agriculture ap-
pears more prominent though with variations in what is 
being grown [1,14,19]. Such trends in modifications have 
grave concerns and consequences for tropical landscapes 
and endanger much of its biodiversity which are contin-
ually fragmented in a bid to pave way for a vast array of 
anthropogenic activities. Such patterns of change affect 
the African landscape in diverse ways and its attendant 
impacts are thought to vary according to the activities and 
the stochastic factors that define the varied ecosystems.

Land use change is growing in magnitude across Nige-
ria as in other tropical zones and as the population index 
continues to accelerate, so will the attendant environmen-
tal degradation associated with pressure on the ecosystems 
escalate as well. With agricultural land use occupying a 
major part of the global land surface area [2], Nigeria and 
south eastern part in particular are seen to follow similar 
trend, though at different proportions. Modifications and 
dynamics surrounding land use change in south eastern 
Nigeria are not known to receive attention in the interior 
or sub-urban zones and its riparian corridors possibly 
because the high population density and the attendant 
indices for which the zone are known of are not concen-
trated there. With this, the rate at which forests in the zone 
are converted to other land uses such as agriculture is not 
really accounted for and so no visible conservation strat-
egy is carried out across the zone. In a bid to understand 
the magnitude of this ongoing process across the region, 
this study was focused on a local government area where 
agricultural activities have grown in recent time in rela-
tion to other land use change drivers. This study is aimed 
at assessing the drivers of land use change in the region; 
especially agricultural land use change in relation to other 

drivers within the region. It equally elucidates the land 
absorption and conversion rate, effects on land surface 
temperature and likely pattern of change expected in the 
future. 

2. Materials and Methods

2.1 Study Area

The study region (Figure 1) is located within the hu-
mid tropics where mean annual rainfall varies between 
1500mm to 22500mm. Temperature condition of the area 
is high with mean annual temperature range of 270 C to 
280 C and a peak of about 350C between February and 
April [13]. It is characterized by a thick sequence of shale 
and sandstones formed in the Paleocene age. Soils that 
typify the zone are lithosol, juvenile soil, ferralitic soils 
and hydromorphic soils that formed under the dominant 
influence of the prevailing factors of geological forma-
tions of the study area [16]. It is known for its fertile soils 
which are seen as the underlying factor for much of the 
agricultural activities that dominate the zone. Crops such 
as yam, rice, maize and legumes are produced in large 
quantities in the region. Rice production have dominated 
the zone for a long time and with the establishment of the 
Anambra-Imo River basin authority, it has received much 
impetus and greater output.

Anyamelum is a land abundant zone and other activ-
ities aside agriculture such as trading and agro-allied in-
dustries have equally grown in magnitude across the zone.

Figure 1. Map of the study area  with the map of Anam-
bra state and Nigeria inset

2.2 Data Collection

The medium resolution satellite data were downloaded 
from USGS Earth Explorer using the LANDSAT dataset 
module. The Thematic Mapper (TM) image was down-
loaded for 21st December, 1988. The Enhanced Thematic 
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Mapper plus (ETM+) image was downloaded for 24th 
October, 2003 and the Operational Land Imager (OLI) for 
28th December, 2018. The Landsat satellite data have 30m 
spatial resolutions, and the TM and ETM+ images have 
spectral range of 0.45-2.35 micrometer (µm) with bands 1 
to 7 and 8 respectively, while the Operational Land Imag-
er (OLI) extends to band 11.

2.3 Image Classification

For the Landsat TM, ETM+ and OLI, a False Colour 
Composite (FCC) operation was performed using the Arc-
GIS 10.4 software and the images were combined in the 
order of band 5, 4 and 1 for Landsat TM and ETM+ while 
that of Landsat OLI was in the order of band 6, 5 and 3 
due to change in sensor. The images were then clipped to 
the boundary of Ayamelum. A supervised classification 
scheme with the Maximum Likelihood Classification al-
gorithm was used for the classification. The supervised 
classification was performed by creating a training sam-
ple, and based on spectral signature curve and visual in-
terpretation. The following land-use classes were created: 
Water body, Farms and Sparse Vegetation, Built-up Areas, 
Bare Surface and Thick Vegetation.

2.4 Land Conversion Rate and Land Absorption 
Coefficient

Land Conversion Rate (L.C.R) is the measure of compact-
ness which indicates a progressive spatial expansion of a 
city while Land Absorption Coefficient (L.A.C) is a mea-
sure of change in the consumption of new urban land by 
each unit increase in urban population [17].

The Land Conversion Rate (L.C.R) and Land Absorp-
tion Coefficient (L.A.C) was determined for the study area 
using the equations as shown below:

 1

where, A is the Areal extent of the study area in sq km
 P is the Population

 2

where, A1 and A2 are the areal extents for the early and 
later years, while P1 and P2 are their population, respec-
tively.

The growth rate used for estimating the population of 
Ayamelum LGA was determined to be 2.67%. The equa-
tion used is given as:

 3

Here, t = number of years; Pt= Population after ‘t’ years; 

Po= Population at the start; r = the annual growth rate.

2.5 Land Surface Temperature

Land surface temperature of the zone for the three years: 
1988, 2003 and 2018 were extracted from the Landsat re-
mote sensing lab.gr site for the month of February/March 
for the years under review. Mean temperature for 1988 
was downloaded for 7th February, that of 2003 was down-
loaded for 4th March and that of 2018 was downloaded for 
1st February. 

2.6 Future Projection

Markov Chain Analysis being a convenient tool for mod-
elling land use change was employed for understanding 
the future patterns of land use change in the zone since its 
process allows the future state of a system to be modelled 
purely on the basis of the immediately preceding state. 
It describes land use change from one period to another 
and uses this as the basis to project future changes [20]. 
This was used to predict the land use land cover (LULC) 
situation in each LULC type for the year 2028 based on 
the 2003-2018 scenarios in Ayamelum. The 10 (ten) year 
LULC projection for the future was done using Markov 
chain model incorporated in the IDRISI-SELVA software. 
The change between 2003 and 2018 was used as the basis 
for the prediction. The results were displayed in a table, 
and were converted to square kilometres from pixel count. 
This was done to enable easy discussion.

Pearson correlation was used to show the relationship 
between agriculture (farmlands) and land surface tempera-
ture (LST) of the zone. 

3. Results and Discussion

Land use and land cover changed significantly over the 
years under review. These are presented in the following 
imageries:

Figure 2. Land use and land cover change for 1988

DOI: https://doi.org/10.30564/jgr.v2i4.1449
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Figure 3. Land use and land cover change for 2003

Figure 4. Land use and land cover change for 2018

A summary of all the changes encountered throughout 
the period is given in the table below:

Table 1. Total detection for land use and cover changes 
from 1988 - 2018

Class Name Initial year 
1988 1988 to 2003 2003 to 2018 1988 to 2018

Water Body 3.44 -0.25 0.56 0.31

Bare Surfaces 94.03 -37.46 21.09 -16.37

Thick
Vegetation 434.74 -148.13 -164.99 -313.12

Farms and 
Sparse

Vegetation
45.51 169.74 131.49 301.23

Built up Areas 13.24 16.17 11.57 27.74

The area under study changed visibly over the years 
(1988 – 2018) with some land uses recording more 
changes than others. Water body, bare surfaces and built 
up areas both increased and decreased slightly over the 
study period. They did not have significant variations in 
total land areas and were not the major causes of land use 
change in the region (Figure 2- 4). The fluctuations in the 
area of land covered with water were mainly from the 
variations experienced in flooding in the zone per year. 
Being a swampy and flood prone zone that experiences a 
yearly flooding regime, it was characterized by variations 
in the area of land that were inundated with water yearly; 
with some years experiencing more or less volume of 
flood water than another. On the other hand, bare surfaces 
reduced in the area of coverage between 1988 – 2003, but 
increased between 2003 – 2018. Such areas with little or 
no vegetation cover are rarely used for agricultural pur-
poses in the zone and are at the risk of becoming more 
parched as the micro climate of the zone changes over 
time. Since the area has ample parcels of land which are 
increasingly turned into agricultural lands, much thought 
is not given to the reclamation of the land for such pur-
poses and so are allowed to lie fallow. 

Built up areas equally increased over the study pe-
riod but did not have much impact in terms of land use 
alterations in the zone. As at the initial year of 1988, it 
occupied 13.24 sq km of the land area and increased up 
to 27.74sq km by 2018. It meant that the population of 
the area only grew gradually and there were not much 
need for housing units as would be seen in urban areas. 
This further explains why the land conversion rate and 
land absorption coefficient as at 2018 were only 0.000196 
and 0.000226, respectively. On the other hand, it equally 
meant that the increasing scale of agricultural activities 
could not have been promoted only by people living with-
in the area, but also from interested stakeholders who op-
erate from outside the zone and have no need of rooming 

DOI: https://doi.org/10.30564/jgr.v2i4.1449



5

Journal of Geographical Research | Volume 02 | Issue 04 | October 2019

Distributed under creative commons license 4.0

space in the locality. 
Agricultural activities had much impact in the area 

and were to a great extent responsible for the reduction of 
thick vegetation in the zone to sparse vegetation. Along-
side sparse vegetation, farmlands were seen to increase 
from the initial year size of 45.51sq km to 301.23sq km by 
2018 (Figure 2- 4). Conversely, thick vegetation lost much 
of its extent and cover (mainly to agricultural land use) as 
it was seen to lose as much as 313.12sq km between 1988 
to 2018. (Figure 2 -4).

Projected change in land use and cover (table 2) 
showed that while modifications in land use are expected 
for the different categories, farms and sparse vegetation 
will still constitute the most extensive land use in terms of 
land coverage.  

Table 2. Projected land use and cover change for 2028 
being the next 10 years from 2018

Probability of changing to in sq. km.

Given Class Water 
Body

Built 
up 

Areas

Bare 
Sur-
face

Farms and 
Sparse Vegeta-

tion

Thick 
Vegeta-

tion
Water Body 0.11 0.04 0.28 1.12 4.73

Builtup Areas 0.001 23.42 4.5 3.84 1.3

Bare Surface 0.26 19.61 20.72 18.14 5.69
Farms and 

Sparse
Vegetation

0.94 37.4 8.41 43.06 31.13

Thick
Vegetation 1 7.27 13.83 33.26 27.03

Land surface temperature for the period under review 
showed increased mean temperatures of 29, 33 and 360C 
for 1988, 2003 and 2018, respectively.

Implications for Land Conservation and Regional 
Climatic Patterns

Land use across the zone changed mainly due to agri-
cultural activities and affected the capacity and extent of 
other land use categories. Though agricultural expansion 
is a global phenomenon, it continues with less restraint or 
modification in land consumption/absorption pattern in 
the zone as in many parts of Africa because of the notion 
that land is abundant [6]. This location has much unoc-
cupied land than is normally the case in many parts of 
Anambra state where it is located; hence, acquiring more 
land seemed easier over the years. Such land acquisitions 
and extensions were done at the expense of the forests 
(thick vegetation) which shrunk in size as the farmlands 
increased; with consequent losses and impacts on the bio-
diversity of the zone. 

There is need to utilize the already existing farmlands 
maximally rather than a haphazard and quick conversion 
of the vegetation thick zones to farmlands. Since the con-

versions have been unregulated and uncoordinated to a 
large extent, the remaining sparse vegetation found within 
the converted zones occurs as tiny mosaics with almost no 
ecological value and conservation prospects. This could 
have been much avoided if agricultural intensification is 
much promoted in the zone.  Such initiatives ensures that 
farmers utilizes the available farmlands maximally by im-
proving soil fertility and engaging improved farming tech-
niques within the parcels of land where they already farm 
[5]. On the other hand, farming plots should be planned, 
properly apportioned and monitored, even if they have 
ample agrarian farm lands in the zone. This will help to 
reduce forest fragmentation and equally ensure that the 
remaining forest patches (though small) are together and 
become more ecologically useful.  

Results of the correlation between agricultural land use 
and land surface temperature showed a strong relationship 
of 0.99 (p = 0.0058 < 0.05 level of significance). This meant 
that as the vegetation cover of the zone declined over the 
years; it affected (increased) the land surface temperature of 
the area. Vegetation cover reduces the direct impact of sun in 
a zone and in turn reduces or normalizes the temperature of 
an area. The reverse becomes the case when the vegetation 
of such a zone become so sparsely distributed or in extreme 
cases, are turned into zones that is bare of vegetation. Future 
land use projections for the area showed that more vegetation 
dense zones will be converted to other land uses such as ag-
riculture and built up areas (table 2) and by implication sug-
gests that the micro climate will become altered. Since these 
are grave concerns facing the zone, there is then every need 
to engage in climate friendly agricultural innovations that 
will accommodate both agricultural and climate regulation 
initiatives.

4. Conclusion

Land use and cover across many tropical landscapes 
are undergoing changes and modifications as a result of 
varied forcings. As it concerned the region under review, 
such changes were mainly as a result of the increase in the 
area of land under cultivation. This was to a great extent 
responsible for the loss of thick vegetation, subsequent 
modification to sparse vegetation and increase in land sur-
face temperature for the zone. Reducing encroachment to 
forest areas and engaging in climate friendly and resilient 
strategies for agriculture and building purposes will help 
reduce loss of more forest areas and adverse climatic im-
pacts for the region.
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Landslide can be defined as the mass movement of sloping slopes under 
the influence of mass gravity and its stimuli such as earthquakes, floods 
and flood plains. This phenomenon is one of the natural hazards that 
every year causes a lot of financial and financial losses in mountainous, 
rain-fed and seismic areas. Detection of time and the magnitude of land-
slides are necessary to understand the causes of landslide and to warn 
potential hazards. In this research, the amount of landslide displacement 
in Kermanshah province was evaluated by the characteristics of rainfall. 
To this end, a network of fixed points in and out of the slipping mass of 
20 points was created to monitor the amount of displacement on different 
slip load users and the amount of displacement of each point in 5 time 
intervals using the Global Positioning System for two-dimensional GPS 
measurement. The results of the 511-day follow-up showed that the total 
horizontal displacement of the moving points in the 5 intervals measured 
at 1658 mm has a monthly displacement rate of 112 mm. Also, the total 
vertical displacement of moving points at the same time is 899 mm, with 
a monthly movement rate of 71 mm. Then, precipitation variances such as 
rainfall, rainfall, precipitation duration, maximum rainfall intensity in the 
intervals of 10, 20, 30 and 60 minutes and the average rainfall intensity 
were calculated and extracted for each of the 5 time periods. The drawing 
of the vectors of points on the topographic map of the area indicated that 
the direction of mass movement is in the direction of elevation gradient 
of the region. The results showed that only the precipitation severity with 
the landslide had a good correlation. The landslide movement had the 
highest correlation with average rainfall intensity (R = 0.85) and with 
maximum 30 minutes rainfall (R = 0.67), respectively, and other rainfall 
characteristics like amount, duration, and type of rainfall had not signifi-
cantly correlated with movement of landslides. 
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1. Introduction

Dominant and landslide instabilities occur for sever-
al reasons. In this regard, the role of the intensity 
and duration of the landing is important for the 

beginning of the slip, so that today rain is known as the 
most common cause of landslides [2]. Hong et al. [5] also 
considered the role of hydrologic factors such as rainfall, 
soil moisture, subsurface flow and underground water depth 
in the stability or un-stability of various natural and artifi-
cial slopes, and stated that climate change such as increase 
Extreme and short-term rainfall, due to mild and long-term 
precipitation, is a factor in increasing landslides and dam-
age caused by them. Rossi et al. [11] by analyzing rainfall 
data for long and short daily and hourly periods, it was 
concluded that heavy rainfall in the landslide has a role as a 
stimulant. Pham et al. [10] also found that at any time during 
the rainy season, the threshold of precipitation will exceed 
682 mm, slip movements will occur. Also, Lin  et al. [8] an-
alyzed the landslide mechanism in the Taiwan, saying that 
extreme intensity and cumulative events of precipitation 
may be a large-scale and complex event causing disaster. 
Nevertheless, few studies have been conducted on the role 
of rainfall agent in landslide due to the lack of landslide 
data and the continued record of rainfall data globally [9]. 
Given that earth-landslide moving data is important for re-
searchers in this science to evaluate the deformation stages 
and the rules of landslide motion, the Global Positioning 
System and computer science can be used as a tool to ob-
serve the amount of landslide displacement [7]. In their stud-
ies, observations of the global positioning system have re-
placed the size of the system in order to ensure the safety of 
the village, reduce the risk of investment and prevent earth-
quakes. The commonly used surveys are mapped and now 
play an important role in monitoring the variation of the 
surface of the earth. Huang et al. [6] used the observation of 
the GPS control station to investigate the subsidence of the 
mine and concluded that the observations of the GPS con-
trol network were accurate and highly efficient and could 
provide reliable data for analyzing the displacement and 
changes due to mining. Setiawan et al. [12] studied the status 
and controled of the landslide of a dam in Japan, designed 
and constructed the network point of this landslide in No-
vember 2016 and with six stages studied the planetary net-
works and the altitude of the landslide. The results showed 
that landslide movements with acceptable accuracy indicate 
the movement of the area towards the dam lake is relatively 
high, which is not the same for different parts of the mass; 
therefore, the relationship between intensity, duration and 
type of rainfall on the amount of landslide is monitored and 
Determining the direction of landslide with the help of the 

Global Positioning System GPS can be a turning point in 
the sustainable management of this natural disaster. 

2. Study Area

The location of the study area is shown in figure 1. Be-
cause of the mountainousness and the relatively high slope 
of the area, there is a potential for ground thrust [4]. This 
landslide occurred in 1163, with an area of about 12 hect-
ares between the coordinates of 45.5° and 48° E longi-
tude and 33.7° and 35.3° N latitude (the parallels that cut 
across the Mediterranean Sea and southern United States) 
and the landslide in this area passes through a distance 
of 62 meters from the power village and damaged the 
road, electricity rails, part of the gardens and agricultural 
lands of the village. The height of the landslide from the 
free sea level varies from 1312 to 0122 meters. The main 
part of precipitation is snowy in the winter season and its 
melting in spring and summer provides the main source 
of water in the rivers of the region. Due to the favorable 
weather conditions and abundance of surface waters in the 
upstream slopes of the fruit gardens and they have been 
constructed on a large scale which is irrigated traditional-
ly. On the forehead of this landslide, an abyssal slope with 
an altitude of more than 82 meters was created and up to 
a radius of about 122 meters, it formed seams and severe 
cracks in the asphalt road and agricultural lands located 
on the upstream landslide.

3. Materials and Methods

After identifying the slipper mass, the spatial displace-
ment of the slipper mass was measured through the cre-
ation and measurement of a precise position of the net-
work of points inside and outside the slippery mass in 7 
time intervals. The data on the amount of precipitation and 
its characteristics such as average rainfall, snow depth, 
average rainfall, and maximum rainfall were calculated at 
10, 20, 30 and 60 minutes, and the total precipitation time 
was calculated for each 7 time periods. Finally, the rela-
tionship between the amount of displacement and rainfall 
characteristics was determined by determining the vertical 
and horizontal displacement of 15 points in the range of 
observation in 7 time intervals and precipitation periods 
for each time interval.

3.1 Identify and Plot the Slider Area on Google 
Earth and Prepare a Topographic Map

First, the area slip on the Google Earth and the overall 
information from the area and the slippery range was 
achieved. After field inspection and removal of the slip-
pery range with a manual GPS device, the target area was 
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transferred to the map of the inheritance and traced. It was 
also observed in desert visits that severe seams and cracks 
were created in a wide range of neighboring landslide 
landscapes that are likely to move in the future, which is 
why the range was also identified on Google Earth. Also, 
in order to provide a general view of the area and design 
of the monitoring points network and to identify the slope 
of each slope, which is one of the main causes of land-
slides, the topographic map of the slipping range with 
1 meter elevation lines was prepared by land survey in 
2015.

3.2 Studies of Land Slide Lithology

The sloping mass of the Madstone and Siltstone (related 
to the Miocene period is the Cenozoic era), and con-
sists of rocks of rustic clay that are reddish and very fine 
grained. In terms of lithology, the sedimentary sequence 
is such that the layers of sandstone layers and The reddish 
conglomerate includes the Paleocene age of the Cenozoic 
stratigraphy, which is resistant to erosion, and in some 
parts has a thick layer. The complex of this structure, due 
to its high formability, tolerates intense corrosion and In 
general, the area is less visible horizontally. In fact, the 
mastonne and silt Columns that have high water absorp-
tion capacity have a background for landslide in the slab 
in the form of contiguous layers on a resistant layer and 
with low permeability of sandstone and conglomerate, 
along with a high slope and irrigation of the upland gar-
dens. Covering these rocky units and providing these con-
ditions that increase the forces of the actuator and reduce 
the forces of resistance, the possibility of the slab of the 
reddish stone unit on the sandstone will be very high.

3.3 Determine the Amount of Slippage Displace-
ment by Creating a Behavioral Measurement 
Network

In the method of using two-dimensional global position-
ing systems, the position of the platforms installed on 
the slip surface on three axes X, Y and Z is calculated at 
specified intervals and, by analyzing the information, the 
mechanism of the landslide motion is evaluated. In this 
study, to monitor the spatial displacement of the slippery 
mass, a network of fixed points inside and outside the 
slipped mass was first created, and the precise position of 
each point in 7 time periods was measured using GPS.

Outside of the landslide area, 3 stations were estab-
lished as a reference framework and a point network, 
whose strength was controlled by daily observation of the 
geodynamic station of the region, whose exact coordinates 
are determined and controlled daily by the Surveying 

Organization of the country. A total of 17 control stations 
were established in order to measure the slipping mass in 
critical points of the landslide surface with regard to the 
location of gaps, gaps and suspicious masses and to mea-
sure landslide motion. The grid points were selected in 
such a way that they provide a complete coverage of the 
driven area along with relative strength.

To determine the displacement of network points, 
consecutive observations of the monitored points were 
compared. The spatial variations of the control points in 
the slippery area were compared to 3 solid points outside 
the mass during 3 stages in 2015 and 2016, and 4 stages in 
2017 and 2018 (3 time intervals by GPS).

Also, by calculating the relative elliptical error ellipse 
occurred at each point, the meaning of displacements in 
the dimension of the levels was determined so that if the 
movement vector was placed inside this ellipse, the anal-
ysis would be non-displacement, otherwise the analysis 
would lead to displacement.

3.4 Weather Data Analysis of Rain-gauge Station

To determine the relationship between rainfall characteris-
tics and the amount of landslide movement, the data were 
takenat the base of the time of 10 minutes from the rain 
gardener located at 8 km of the study area was obtained. 
Also, the monthly statistics of the meteorological sta-
tion, where snow depth is available in cm, was obtained 
from the meteorological station in order to determine the 
relationship between the type of precipitation and the 
landslide. In order to investigate the relationship between 
rainfall characteristics and the amount of landslide move-
ment, firstly, the characteristics of each time interval such 
as average rainfall, as well as maximum precipitation 
time of 10, 20, 30 and 60 minutes, as well as snow height, 
average rainfall, and also the total precipitation time was 
calculated for each time interval. Also, to determine the 
relationship between precipitation patterns and the amount 
of displacement, first, the rainfall events less than 2 mm 
were calculated due to the lack of runoff from the data, 
and then the remaining features of rainfed events were 
calculated.

4. Results

4.1 Determination of the Plane and Elevation of 
Observational Data

At this stage, the difference in the coordinates of two 
consecutive observation periods was compared and the 
displacement of the planes and the height of 17 control 
points in the slip area in the AutoCAD environment were 
calculated as shown in table 1 to 5.
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4.2 Draw Vectors of Displacing Points on a Topo-
graphic Map

After determining the displacement values and directions 
for moving points, the position of the points of measure-
ment on the topographic map of the foot area and the 
amount of displacement of points with exaggeration and 
on another scale in the calculated directions were drawn 
as directional vectors with their error oval. The minimum 
and maximum displacement vector of the points of ob-
servation with its opaque error on a part of the area are 
shown in figure 2 and 3. 

4.3 Relationship of Rainfall Characteristics and 
Displacement Rate of Slipping Mass

Over the entire study period, a total of 65 incident occur-
rences, with a rainfall of more than 2 mm, or 52 cases. 
The characteristics of the maximum precipitation inten-
sity of 10,20,30 and 60 minutes and the average rainfall, 
as well as the amount of precipitation, snow depth, the 
total duration of precipitation for each time interval were 
calculated and, finally, the correlation coefficient of the 
maximum rainfall intensity with its other characteristics 
with the average The horizontal and vertical displacement 
of points related to the same interval was determined. The 
results showed that among all the characteristics of rain-
fall, only the characteristics related to rainfall intensity, 
are more correlated with the mean horizontal and vertical 
displacement of 7 time intervals. But the rest of the pre-
cipitation properties did not show a good relationship with 
the displacements of the points.

5. Discussion

In this study the effects of rainfall characteristics on land-
slide is analyzed. It’s very important to apply GPS and 
effects of rainfall characteristics in the landslide hazard 
research field and it could become a major tool for analyz-
ing landslides that occur in the region.

However, previous studies did not consider this effect 
in Iran. Alcántara et al. [1], studied landslides around the 
world, visiting sites and analyzing post-landslide data. 
However, their study did not include Iran areas. Their 
study showed that the landslide happened on an active 
fault line that is creeping at a rate of 2.5 centimeters (1 
inch) per year in specific areas. That might seem gentle, 
however over time the movement grinds and breaks up 
the rock, affecting the stability of surrounding slopes 
and making them more prone to landslides. Their results 
showed that tectonic weakening was a preconditioning 
element making that slope vulnerable to catastrophic 
failure.

They applied their ground observations to validate 
what they had observed in remotely sensed data. How-
ever, they only analyzed vertical movement of landslide. 
Nevertheless, this current study analyzed both vertical and 
horizontal movement of landslide.

In order to investigate rainfall as a potential factor that 
effect on landslide, Yang et al. [14] considered satellite 
imagery from TRMM. The TRMM image revealed that, 
in tropical area, more than sixty-eight centimeters (twen-
ty-seven inches) of rain had fallen between February 4, 
2006, and February 17, 2006. This was excessive rainfall 
beyond the monthly averages—more than twice as much 
that probably cause landslide. However, other rainfall 
characteristics did not consider in their study.

In addition, Ciabatta et al. [3] participated to the devel-
opment of the TRMM Real-Time Multi-Satellite Precipi-
tation Analysis (TMPA-RT) product. The TMPA-RT data, 
presently available online from 2002 through the present, 
are updated in real time, permitting users to measure if a 
region is currently receiving particularly intense rainfall 
or has reached a critical level of accumulation. However, 
the data is limited and not available for all countries and 
all regions. 

Furthermore, a research on world assessed TMPA-RT 
data to help gauge precipitation and flooding in more than 
250 river basins worldwide. It may also help to analyze  
landslide events [13]. 

Developing the TMPA-RT system can be more useful 
to local governments and organizations on the ground to 
analyze landslide movement for all regions in the world. 
As with many mountainous areas in the world, timely 
landslide hazard assessment may be difficult to accom-
plish without satellite data. This system will be valuable 
when national and international organizations must plan 
disaster mitigation or relief work. It can give them quan-
titative information about where exactly the hazard is and 
which areas are affected. So, for future research, analyzing 
the characteristics of precipitation with TMPA-RT system  
can recommend. 

6. Conclusion

In this paper, the relationship between rainfall character-
istics such as severity, amount, duration and type of pre-
cipitation on the landslide displacement in Kermanshah 
province was investigated. The results of the analysis of 
observations and the analysis of the displacement of points 
in 7 time intervals showed that relative displacement oc-
curred between some points in the network. By drawing 
the vectors of moving points on the topographic map 
of the region, the direction of mass movement is in the 
direction of the general slope of the region. Meanwhile, 
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although there are vertical and horizontal displacements 
between all the points of the network within the landslide 
range, there is a significant decrease in the displacement 
at the margins of points 1, 2, 4 and 8. The total amount 
of horizontal displacement of the moving points in 5 pe-
riods of time of observation is 1900 mm, with a monthly 
movement rate of 112 mm. Also, the total amount of 
vertical displacement of moving points at the same time 
is 736 mm with a monthly displacement rate of 51 mm. 
The results showed that among the different precipitation 
characteristics, only the rainfall intensity and slip density 
mass ratios are in good agreement. The previous studies 
also Similar results were obtained regarding the effective 
role of precipitation and the relationship between precip-
itation intensity and landslide occurrence. The highest 
correlation coefficient is between the average rainfall and 
the maximum rainfall of 30 minutes with the horizontal 
displacement of the slipper mass. There was no significant 
relationship between other characteristics of rainfall, such 
as amount, duration and type of precipitation, including 
snow or rain, and the amount of slippage mass. In general, 
it can be concluded that the effect of different factors such 
as topography, soil formation, geology, use and precip-
itation severity Has created favorable conditions for the 
slippage of the slipping mass in the area, but in this land-
slide, the effective role has been played by the intensity of 
precipitation.
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Table 1. Network displacement values of points in the 
175-day intervals of the first and second stages of obser-

vations (2015-2016)

Situation 
of vertical 
movement

Situa-
tion of 

horizontal 
movement

Vertical 
move-
ment 
(mm)

Hori-
zontal 
move-
ment 
(mm)

Move-
ment on 

y axis 
(mm)

Move-
ment on 

x axis 
(mm)

Number 
of point

Movement 
happened

Movement 
happened -26 34 -30 -17 1

Movement 
happened

Movement 
happened -48 131 6 -130 2

Movement 
happened

Without 
movement -15 2 2 2 3

Movement 
happened

Without 
movement -13 6 -4 5 4

Movement 
happened

Without 
movement -17 6 2 -7 5

Movement 
happened

Movement 
happened -19 37 -35 -13 6

Without 
movement

Movement 
happened 7 10 -10 -4 7

Movement 
happened

Movement 
happened -26 40 -32 -24 8

Movement 
happened

Without 
movement -16 6 3 6 9

Without 
movement

Movement 
happened -11 11 3 -11 10

Movement 
happened

Without 
movement -15 5 -5 0 11

Movement 
happened

Movement 
happened -21 6 -5 -4 12

Without 
movement

Movement 
happened 6 11 -8 -8 13

Movement 
happened

Without 
movement -15 5 -2 4 14

Without 
movement

Movement 
happened -9 12 -11 -3 15

Without 
movement

Movement 
happened -14 11 -8 9 16

Without 
movement

Movement 
happened 10 22 -5 -22 17
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Table 2. The values of the network of control points in 
the 102-day intervals of the second and third stages of the 

year(2015-2016)

Situation 
of vertical 
movement

Situa-
tion of 

horizontal 
move-
ment

Vertical 
move-
ment 
(mm)

Hori-
zontal 
move-
ment 
(mm)

Move-
ment on 

y axis 
(mm)

Move-
ment on 

x axis 
(mm)

Number 
of point

Movement 
happened

Movement 
happened -24 161 -143 -74 1

Movement 
happened

Movement 
happened -113 168 4 -168 2

Without 
movement

Without 
movement 19 7 -5 -6 3

Without 
movement

Movement 
happened 6 16 -2 -15 4

Without 
movement

Without 
movement 2 6 -5 5 5

Without 
movement

Movement 
happened -4 164 -160 -37 6

Movement 
happened

Without 
movement -22 3 -2 -2 7

Movement 
happened

Movement 
happened -83 244 -217 -112 8

Without 
movement

Without 
movement 7 6 -3 -6 9

Without 
movement

Without 
movement -2 6 -5 6 10

Without 
movement

Movement 
happened 15 13 4 -12 11

Without 
movement

Without 
movement 7 4 -3 -4 12

Movement 
happened

Without 
movement -25 12 12 5 13

Without 
movement

Without 
movement -2 7 -2 -7 14

Without 
movement

Without 
movement 2 8 6 -7 15

Without 
movement

Without 
movement -7 8 5 -7 16

Movement 
happened

Without 
movement -25 10 7 8 17

Table 3. Networking values of points in the 70-day time 
interval of the first and second stages of the year 2017 and 

2018

Situation 
of vertical 
movement

Situa-
tion of 

horizontal 
move-
ment

Vertical 
move-
ment 
(mm)

Hori-
zontal 
move-
ment 
(mm)

Move-
ment on 

y axis 
(mm)

Move-
ment on 

x axis 
(mm)

Number 
of point

Without 
movement

Without 
movement -12 20 -18 -8 1

Without 
movement

Without 
movement -19 19 -6 -18 2

Without 
movement

Without 
movement -17 9 -9 2 3

Without 
movement

Without 
movement 11 17 -17 -6 4

Without 
movement

Without 
movement -14 9 -5 8 5

Without 
movement

Without 
movement -16 24 -21 -11 6

Without 
movement

Without 
movement -10 12 2 12 7

Without 
movement

Movement 
happened -25 47 -46 6 8

Without 
movement

Without 
movement -13 9 6 7 9

Without 
movement

Without 
movement -15 9 6 7 10

Without 
movement

Without 
movement 13 20 5 -19 11

Without 
movement

Without 
movement -16 7 -6 -4 12

Without 
movement

Without 
movement -19 17 -15 -8 13

Without 
movement

Without 
movement -7 6 2 6 14

Without 
movement

Without 
movement -8 10 -8 -6 15

Without 
movement

Without 
movement -13 15 -15 -4 16

Without 
movement

Without 
movement 10 10 -9 -5 17

Table 4. Network displacement values of points in the 
106-day period of the second and third stages of observa-

tions of 2017 and 2018

Situation 
of vertical 
movement

Situa-
tion of 

horizontal 
movement

Vertical 
move-
ment 
(mm)

Hori-
zontal 
move-
ment 
(mm)

Move-
ment on 

y axis 
(mm)

Move-
ment on 

x axis 
(mm)

Number 
of point

Without 
movement

Movement 
happened -27 73 -73 -5 1

Movement 
happened

Movement 
happened -52 116 -28 -113 2

Without 
movement

Without 
movement 15 11 -4 11 3

Without 
movement

Without 
movement -12 15 -7 -14 4

Without 
movement

Without 
movement -6 9 8 6 5

Without 
movement

Movement 
happened 12 68 -68 -7 6

Without 
movement

Without 
movement 11 9 -9 0 7

Movement 
happened

Movement 
happened -44 55 -55 5 8

Without 
movement

Without 
movement 13 15 -9 -13 9

Without 
movement

Without 
movement -6 8 -7 -5 10

Without 
movement

Without 
movement -23 10 -10 5 11

Without 
movement

Without 
movement -14 11 -11 0 12

Without 
movement

Without 
movement -16 16 9 14 13

Without 
movement

Without 
movement 8 5 2 5 14

Without 
movement

Without 
movement -17 12 2 12 15

Without 
movement

Without 
movement -14 14 -8 12 16

Without 
movement

Without 
movement -28 14 -5 -13 17
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Table 5. Network displacement values of points in the 78-
day period of the third and fourth stage of observations of 

year 2017 and 2018

Situation 
of vertical 
movement

Situa-
tion of 

horizontal 
move-
ment

Vertical 
move-
ment 
(mm)

Hori-
zontal 
move-
ment 
(mm)

Move-
ment on 

y axis 
(mm)

Move-
ment on 

x axis 
(mm)

Number 
of point

Without 
movement

Movement 
happened -25 77 -57 -53 1

Movement 
happened

Movement 
happened -88 138 11 -137 2

Without 
movement

Without 
movement -20 8 -6 -6 3

Without 
movement

Without 
movement 17 13 -13 -4 4

Without 
movement

Without 
movement -11 10 -6 8 5

Without 
movement

Movement 
happened -18 100 -88 -22 6

Without 
movement

Without 
movement -18 10 4 9 7

Movement 
happened

Movement 
happened -47 100 -98 -21 8

Without 
movement

Without 
movement -20 18 -15 11 9

Without 
movement

Without 
movement -12 10 -9 4 10

Without 
movement

Without 
movement 13 11 10 6 11

Without 
movement

Without 
movement 10 4 3 -2 12

Without 
movement

Without 
movement -4 22 -21 -9 13

Without 
movement

Without 
movement -30 11 -8 -8 14

Without 
movement

Without 
movement -14 11 -10 -4 15

Without 
movement

Without 
movement 15 9 6 -7 16

Movement 
happened

Movement 
happened -166 46 -32 -33 17

Table 6. Correlation coefficient of rainfall characteristics 
with horizontal and vertical displacement of points of 

observation in 7 time intervals

Movement
Whole 

duration 
of rainfall

Average of 
duration of 

rainfall

Snow 
height

Amount of 
rainfall

Average of 
intensity of 

rainfall

Intensity of rainfall in 
different time inter-

val(mm/hr)

10 20 30 60

Vertical 0.006 0.02 0.018 0.006 0.029 0.62 0.40 0.38 0.43

Horizontal 0.092 0.118 0.103 0.060 0.864 0.37 0.60 0.66 0.53

List of Figures

Figure 1. Study area and the location of Kermanshah

Figure 2. The minimum displacement vector of the points 
of observation with its opaque error on a part of the area

Figure 3. The maximum displacement vector of the points 
of observation with its opaque error on a part of the area
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With the continuous development of remote sensing(RS) technology, the 
surface information can be collected conveniently and quickly by using 
the popular unmanned aerial vehicle(UAV). The application of UAV 
low altitude RS technology in road safety in intelligent area has certain 
practical significance. It can provide safety warning for most drivers, and 
provide auxiliary decision-making for the road supervision department. 
Through the collection, processing, calculation and analysis of the road 
image, the UAV can find out the road obstacles with potential safety haz-
ards, identify the road pit, calculate the radius and depth of the road pit 
through the digital mapping system, predict the accident risk according to 
different speed and provide scientific basis for the road safety monitoring. 
At the same time, UAV can provide repair scheme for damaged roads, 
estimate the quantity of materials needed for repair, and achieve the target 
of resource saving and efficiency improvement. The experimental results 
show that the UAV can not only provide scientific prediction information 
for driving safety, but also provide relatively accurate material consump-
tion for road repair. 
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1. Introduction

With the construction and development of traf-
fic, the total mileage of highway is increasing 
year by year, the density of highway coverage 

is increasing grow with each passing day, and the mileage 
of various grades of highways is gradually expanding 

[10]. However, the obstacles on the road surface will bring 
inconvenience and hidden safety risks to the driving ve-
hicles. The common obstacles on the road surface include 
large cracks, local bulges and potholes. In the process of 

driving, the driver can easily grasp the cracks and bulges 
of the road surface visually, so as to detour. But potholes 
are often hard to detect, according to industry insiders, 
when the car quickly through the road, the impact strength 
of the tire will increase. If the force is greater than the 
original bearing capacity of the tire, it may even cause 
bubbles or even rupture of the tire, resulting in traffic acci-
dents. In addition, if the car passes through the pit at high 
speed, it will directly affect the suspension system of the 
car. In serious cases, the hub may break or even leak oil. 
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If the road pit is too deep, it may even touch the chassis 
and cause more damage. Therefore, it is very important to 
check and maintain the road and sidewalk irregularly. In 
this paper, the UAV low altitude RS technology is used to 
collect and analyze the road image, and finally the judg-
ment result is obtained, which provides the decision-mak-
ing basis and auxiliary support for the road management 
department. 

UAV was developed in the early 19th century. In the 
1980s, drone technology began to be used in various 
fields, such as battlefield simulation, target surveillance, 
geodesy mapping, traffic management, resource detection, 
and environmental protection [3]. Since the beginning of 
the 21st century, UAV have matured. Its scope of applica-
tion is constantly expanding, and has achieved good prac-
tical results and application value. Currently, drones have 
been used in more than 40 countries/regions around the 
world [4]. However, through literature search, it is found 
that drones are used less in road safety [8].

At present, various road safety inspections mainly rely 
on manual patrols to find and handle problematic roads 
through one-on-one inspections, photos and records, and 
people’s reactions. However, the manual inspection has 
the following problems: Firstly, due to the large traffic 
road area, the manual inspection has a large workload 
and low efficiency. Manual inspection requires a lot of 
manpower, material and financial resources. Secondly, 
the diversification of road types and the impact of the 
surrounding environment of the road will inevitably lead 
to omissions in the inspection process. Thirdly, manual 
inspections are affected by subjective factors such as em-
ployees ’own qualities and professional skills, which can 
lead to poor accuracy or omissions. Road maintenance is 
also carried out by manual and special vehicles. The main-
tenance materials required for each road maintenance task 
can only be approximated. There is no relatively accurate 
reference value [9].

In view of the above situation, if the UAV technology 
with the advantages of intelligence, high efficiency, short 
cycle and large range is used instead of the traditional 
pure manual inspection method, the work efficiency will 
be greatly improved [12]. It can provide the basis for deci-
sion-making for road management in smart areas. Provide 
warning signals for driving vehicles, reduce unnecessary 
safety accidents, and provide scientific basis for mainte-
nance work. 

2. Research Methods

The main content of this research is to collect, process and 
identify road images. Through calculation and analysis of 
abnormal road objects, solutions are proposed respective-

ly to provide scientific and quantitative decision-making 
basis for road safety guarantee or remediation.

During the research, the hardware mainly includes: the 
image data collection mainly uses the UAV low-altitude 
RS technology and the control point positioning uses the 
handheld GPS technology; the software mainly includes: 
Global Mapper, Pix4D mapper, ENVI and ArcGIS soft-
ware. Then, the analysis results are provided to relevant 
departments in a visual form. The technical route is as fol-
lows:

Figure 1. Technical roadmap

3. Research Area and Data Collection

This road safety monitoring data collection area is a Xin-
Jian county in Nanchang city, China. Based on the previ-
ous Macro-survey of self-driving tours, data collection is 
divided into two categories. One is an ordinary highway 
with an average speed of 50 km/h on Xingguo Road and 
the other is a circular highway with an average speed of 
80 km/h at the intersection of Hu-Rui line and Meiling 
Avenue on Fengsheng Highway.

This paper uses the ground control station software DJI 
GS PRO that comes with the UAV in Dajiang to plan and 
control the route. The main parameter settings are shown 
in Table 1, based on the identified subjects and the data 
collection range.
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Table 1. UAV parameter setting

Sampling 
Point Number

Area 
Location

Flight 
Mode

Alti-
tude
(m)

Resolu-
tion
(px)

Overlap%
Return mode

Course Side-by

Point 1 Xingguo 
Road

Isochro-
nous 60 2.6 70 60

Auto return 
10 meters 

above flight 
height

Points 2, 3, 4, 
5 are on the 
same road

Intersec-
tion of 
Shang-
hai-Rui 

Line and 
Meiling 
Avenue

Isochro-
nous 50 2.2 70 60

Isochro-
nous 80 3.5 70 60

Isochro-
nous 100 4.3 70 60

Hovered 100 4.3 70 60

The two types of experimental areas were repeatedly 
photographed by UAV, and the best quality collected data 
was selected for processing. The orthophotos were pro-
cessed by Pix 4D software.

4. Image Correction and Enhancement

4.1 Image Registration and Geometric Correction

Due to the error of the UAV image acquisition system 
itself, multiple orthophotos need to be geo-registered 
through software to accurately match the geographic loca-
tion [1]. In this registration, 4 control points are selected on 
average in the aerial photography area, and the X, Y co-
ordinates and residuals of the control points are set below 
0.05 m.

Figure 2. The 1st point area (XingGuo Road)

Figure 3. The 2nd&3rd&4th point area (Hu-Rui Line)

Figure 4. The5th point area (The intersection of Meiling 
Road and Hu-Rui Line)

4.2 Target Recognition

In order to effectively identify the image content after reg-
istration, accurately locate the research object, and iden-
tify different targets from the road, in the data collection 
area, the main road surface abnormalities are divided into 
obstacles (mainly belonging to things that fall from the 
moving vehicles), water accumulation (rainwater stored 
in low-lying areas on the road), and potholes (as a result 
of long-term rolling, especially the rolling of overloaded 
vehicles, the depressions on the road surface are pressed 
deeper and deeper, forming potholes). According to the 
actual situation in the survey area, obstacles (almost unde-
tected) and accumulated water (the sampling day is sun-
ny) are not considered, so the main research object is road 
surface depression (referred to as “road pit”). The main 
task of road pit identification is to determine its boundary. 
The data after data preprocessing uses RS image process-
ing software (ENVI) to perform target recognition on the 
image data. The main process is:

Figure 5. Target recognition process

In the isochronous aerial mode, the boundary between 
point 1 with an aerial photo height of 60m and point 2-5 
with an aerial photo height of 50m is determined as fol-
lows:

Figure 6. The 1st to 5th point boundary graph
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5. Experimental Results

As mentioned earlier, four different types of flight modes 
were adopted for points 2-5, namely, isochronous flight 
height of 50 meters, isochronous flight height of 80 me-
ters, isochronous flight height of 100 meters, and hover 
height of 100 meters. As a result, it was found that the 
ground resolution of the isochronous aerial altitude of 50 
meters was the highest, which was conducive to data cal-
culation and analysis. Therefore, in the later calculations, 
points 2-5 used this aerial photography data.

After determining the boundary of the road pit by using 
ENVI for extracting the abnormal target of the road sur-
face, calculate the perimeter and area of the road pit. The 
depth of the road pit is temporarily replaced by the aver-
age value, and then carefully considered when calculating 
the amount of earthwork in the later period. The calcula-
tion data is as follows:

Table 2. The Calculation results of 1st to 5th points data 
(Unit: m/m2)

ID Circumfer-
ence Area

Average 
elevation 

of road pit 
Center

Average 
elevation of 
surrounding 

ground

Road pit 
depth

1 8.05 4.33 39.33 39.47 0.14
2 2.12 0.33 22.66 22.78 0.12
3 3.51 0.91 22.02 22.12 0.10
4 3.30 0.77 22.00 22.09 0.09
5 3.43 0.87 19.89 19.96 0.07

6. Application of Results

According to the research technical route, it mainly ana-
lyzes from two aspects of safety warning and road repair. 
The calculation results should provide people with quan-
titative and scientific basis, and display it in an intuitive 
way, which is convenient for later treatment and preven-
tion.

6.1 Safety Alert

For the pavement with pit, the road safety is analyzed 
from two aspects of speed and pit size, and the vehicle 
size and performance are not considered temporarily.

First factor: Speed

In the process of road driving, the higher the speed, the 
greater the risk of traffic accidents. According to the re-
search of relevant departments in Australia, when the ve-
hicle speed exceeds 60km/h, the risk of traffic accident for 
every 5km/h increase in vehicle speed is basically twice 
that of the original. Therefore, when the vehicle is running 

at a higher speed, small speed changes will have a very 
obvious impact on driving safety.

The relationship between vehicle speed and the risk of 
traffic accidents is based on the risk at a speed of 60km/h 
(set as 1). The risk after each increase of 5km/h is as fol-
lows:

Table 3. Relationship between risk index and vehicle 
speed

vehicle speed
(km/h) 60 65 70 75 80 85

Risk Index 1.00 2.00 4.16 10.60 31.81 56.55

Second factor: Road pit size

First of all, the radius of the pit should be accurately cal-
culated, and then the risk analysis should be carried out. 
Through the target recognition of the image, it is found 
that the shape of the pavement potholes is approximately 
circular. In the analysis process, the radius is approximate-
ly taken as the model parameter.

Accurate calculation of road pit radius, the author be-
lieves that there are two methods, ring average algorithm 
and ray average method.

(1) Ring average algorithm. For irregular road pit 
polygons, the change range of its radius is usually not 
too large, but floating within a certain range. At this time, 
the average value of the maximum and minimum radius 
can be used to calculate the size of the road pit radius, as 
shown in the figure.

Figure 7. The radius of the ring mean value algorithm

The solid line outline represents the actual road pit 
polygon, and the two dashed lines inside and outside refer 
to the ring formed by the minimum inscribed circle radius 
and the maximum circumscribed circle radius. Then the 
average radius is: dx = (d1 + d2) / 2
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Table 4. The calculation radius and error of the ring 
mean value algorithm (unit: m/m2)

ID Circumfer-
ence Area Backcalcula-

tion  radius

Inner tan-
gent circle 

radius

Circum-
scribed cir-
cle radius

Mean 
radi-

us
error

1 8.05 4.33 1.23 0.75 1.51 1.13 0.10

2 2.12 0.33 0.33 0.24 0.40 0.32 0.01

3 3.51 0.91 0.55 0.43 0.63 0.53 0.02

4 3.30 0.77 0.51 0.37 0.57 0.47 0.04

5 3.12 0.79 0.50 0.49 0.50 0.50 0.00

The above theoretical calculation radius is the average 
value of the radius inversely calculated by the perimeter 
and area, and the average radius is the average value of 
the radius of the inscribed circle and the radius of the 
circumscribed circle. According to the calculation results 
and field investigation, the radius difference between the 
back calculation radius algorithm of point 1 and the ring 
average algorithm is 10cm, which is relatively large. The 
reason is that this is a large road pit formed by long-term 
rolling of vehicles. The larger the pit is, the greater the im-
pact on the surrounding subgrade is. Finally, the irregular 
area is formed. The closer the polygon is to the circle, the 
smaller the error of this method is. Otherwise, the greater 
the error is Like the area of point 1; point 2, 3 and 4 are 
approximate to the circle, so the ring average algorithm 
is approximate to the radius of back calculation; the error 
of two calculation results of point 5 is 0, because here is a 
well cover, and the surrounding area of the well cover is 
higher than here due to road renovation, forming a low-ly-
ing well cover.

(2) Feature ray average algorithm. The characteristic 
ray is made from the center of the road pit to the edge of 
the surrounding pit. The so-called characteristic ray is to 
find the characteristic point (the point with great curvature 
change) on the polygonal boundary line, and the line from 
the center to the characteristic point is the characteristic 
ray. The sum of all characteristic ray lengths is divided by 
the number of rays, and the value is the approximate size 
of the variable pit radius, as shown in the figure:

Figure 8. The radius of the characteristic ray averaging 
algorithm

Road pit radius:dx=(d1+d2+d3+……+dn)/n= .

Table 5. The calculation radius and error of characteristic 
ray averaging algorithm(unit: m)

ID Backcalcula-
tion  radius

radius of 
character-
istic ray 1

radius of 
character-
istic ray 2

radius of 
character-
istic ray 3

radius of 
character-
istic ray 4

radius of 
character-
istic ray 5

Mean 
radi-

us
error

1 1.23 1.45 1.37 1.19 1.24 1.21 1.29 0.06

2 0.33 0.28 0.41 0.27 0.33 0.29 0.32 0.01

3 0.55 0.68 0.51 0.54 0.48 0.45 0.53 0.02

4 0.51 0.43 0.44 0.58 0.39 0.46 0.46 0.05

5 0.50 0.49 0.50 0.51 0.53 0.48 0.50 0.00

The principle of feature ray selection is to find out 
the feature points with great changes along the road pit 
boundary. Connecting this point to the road pit center is 
the feature curve. The above five feature rays are taken 
for calculation. The calculation results are not difficult to 
find, the error of point 1 is still large, the error of points 2, 
3 and 4 is small, and the error of point 5 is still 0, because 
the well cover area here is approximately round, and the 
feature points have little change.

As mentioned above, the danger coefficient of driving 
has an exponential relationship with the speed of the ve-
hicle, and the danger coefficient of driving has a regional 
linear relationship with the radius of the road pit. There-
fore, in the case of bad road conditions, especially multi-
pit roads, the driving hazard coefficient, vehicle speed and 
road pit size are in line with the binary nonlinear regres-
sion analysis model, and it is increasing.  

The functional relationship between the risk factor and 
vehicle speed and road pit radius is expressed as:

W=W1(v)+W2(d)
Here’s a hypothesis based on the facts:
(1) When 0<d<2/3 r:W2 is approximately equal to 0, 

when the pit radius is less than two-thirds of the wheel ra-
dius, it is considered safe and can be decelerated through;

(2) When 2/3r<d<r:W2 increases rapidly with d, it 
should be especially cautious and avoid passing.

(3) When d > 2r: W2 decreases with d increasing, that 
is, the size of the road pit is much larger than the size of 
the wheel, if there is no water in the road pit, it can slow 
down the passage.

For an example of a general domestic car, the tire 
radius = tire width×aspect ratio+inner radius×25.4 
(mm).The letter 195/65R15 is marked on the tire of 
the Ford car that the author drives, so the tire radius 
= 195×0.65+15×25.4/2=317.3mm. Comparing with 
the five collecting points, give some reference traffic 
opinions.
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Table 6. Reference of vehicle passing through the pit (The 
tyre radius is 0.32m)

ID
Radius of road pit 

calculated by charac-
teristic ray method

Wheel com-
parison Opinions about passage

1 1.29 >2r
If there is no water in the 
pit, you can slow down 

the passage
2 0.32 2/3r<d<r Slow down for passage
3 0.53 0<d<r2/3 Please avoid
4 0.46 0<d<r2/3 Please avoid
5 0.50 0<d<r2/3 Please avoid

Based on this analysis result, data updates can be made 
with traffic broadcasting, electronic maps or navigation 
software to promptly alert car owners to avoid accidents.

6.2 Road Repair

The key to effectively solve the pavement repair is to 
know the degree of road damage in advance, and then 
calculate the required materials. This paper excludes 
other road damage, in terms of pit repair, the solution is 
based on the collected data. Since the general shape of the 
road pit is similar to that of a cone, the calculation of the 
amount of soil in the road pit is expressed as:

V=S×h/3
V is the amount of soil in the road pit, S is the area of 

the pit, h is the depth of the pit.
Of course, the general road pit is not a regular cone, 

that is, the road pit is not a fixed value. Here we can only 
estimate roughly. If you need to calculate the amount of 
earth carefully, you can use the calculating method to 
calculate the volume capacity of the pit. Based on road 
construction experience, materials are often prepared 1.3 
times the amount of earth calculated, according to V=1.3 
(V1+V2+...Vn). Prepare for reasonable allocation of man-
power, resources and time. In this paper, the list of soil 
quantity of road pits in the experimental image collection 
is as follows:

Table 7. Calculation results of earthwork of points (unit: 
m3)

ID Area Road pit depth Earthwork volume
1 4.33 0.14 0.20
2 0.33 0.12 0.01
3 0.91 0.10 0.03
4 0.77 0.09 0.02
5 0.87 0.07 0.02

For the study area, the total soil volume of the five road 
pits collected is:

V=1.3*(V1+V2+V3+V4+V5=0.20+0.01+0.03+0.02+0.0
2)=0.364m3

When this data is fed back to the municipal or road 

management departments, it is targeted at repairing the 
road pit before preparing 0.364 m3 materials. This not 
only makes the quantification scientific, avoids waste of 
materials, but also improves the work efficiency.

As mentioned above, whether it is safety warning or 
road repair, it is feasible to use UAV low-altitude remote 
sensing technology. If the scope is widened and the pro-
cessed data is reported to the transportation department 
and the government department in time, it has certain 
practical significance to prevent traffic accidents and sci-
entific road repair.

7. Conclusion 

Through the low-altitude RS technology of the UAV, col-
lecting road images, after processing and analysis, will 
greatly improve the efficiency of road detection, reduce 
costs of road maintenance and road safety and mainte-
nance ,and bring convenience to actual production and 
life. Successful studies in this area are as follows: 

(1) It is economical and practical to use UAV technol-
ogy to collect road image data. Taking full advantage of 
UAV can collect data conveniently and quickly, reduce 
cost and improve efficiency.

(2) It is reliable and feasible to process image data 
through professional RS and GIS software. All the data 
are processed by mature software, the process is not af-
fected by human factors, and the data obtained is consis-
tent with the actual situation.

(3) The method of geographic mathematical modeling 
is used for analysis and judgment, which is both accurate 
and precise. In-depth mining of the collected data to es-
tablish a judgment model to provide accurate and precise 
judgment results, so it can withstand practical tests.

(4) It can provide decision-making basis for road man-
agement department through visual expression, which is 
easy to read and understand. The visual expression allows 
road managers and users to see the research results at a 
glance, quickly assist decision-making, and make timely 
responses to reduce accidents and property losses caused 
by hidden road safety hazards.
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1. Introduction

In the process of economic globalization, the glo-
balization of resources allocation and integration of 
international market are gradually becoming more 

significant, meanwhile, in a global scale, the adjustment 

and upgrading of industrial structure are having a rapid 
pace, it is also noticeable that the mergers of large enter-
prises and companies goes hand in hand with the rise of a 
large number of small and medium-sized enterprise com-
munities. Particularly noticeable [1]. The Ministry of land 
and resources survey shows that, by the end of 2002, 2/3 
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of large and medium-sized state-owned resource-based 
enterprises are facing depletion issues in China [2]. By the 
October of 2012, 5010 state-owned large-medium-sized 
enterprises and mines with exhausted resources in China 
have exited the market [3]. These symptoms are the com-
prehensive reflection of resource-based enterprises com-
munity vulnerability [4]. Since 1980s, Chinese government 
has started to assign large amounts of funds to support 
state-owned resource-based enterprises, trying to promote 
the development of other alternative industries, so that 
they are able to complete industry transformation success-
fully before the exhaustion of resources [5-8]. This paper 
considers that the resource-based enterprises community 
is the base for the survival of enterprises, formed by gath-
ering some enterprises related to mining, processing and 
utilization in certain areas, and provide resources and pri-
mary processing products to society, with the features of 
opening, dynamic, nonlinear, complex adaptive etc.  The 
vulnerability [9] refers to the character of resource-based 
enterprises community breakdown due to the depletion of 
resources, which can cause an enterprise with more instabil-
ity, sensitivity and lack of recovery ability. In short, the vul-
nerability is the root of the resource-based enterprises com-
munity decline. When resource based enterprise confronted 
the resource constraint for some reason, vulnerability will 
become more obvious. Therefore, the resources are the larg-
est contributors for community development [10]. Therefore, 
resources are selected as the key factor to prove.

The resources shortage will lead to the decline or 
transformation of some enterprises, but how the resourc-
es shortage affects and restricts mechanism of industrial 
economy and regional economy of China has not yet 
been understood profoundly, especially the new pattern of 
internal mechanism. The lacking knowledge of this area 
have led to the decline of part of industry and enterprise 
in China. Although there has been a lot of researches in 
this area [11-13], but it does not involve inherent dynamical 
mechanism in between. As the (nonlinear) mathemati-
cal difficulties, the relationship between mathematical 
constraints and dynamic mechanism so far has not been 
studied by resources economist of China. And this mathe-
matical difficulty mainly due to resource market economic 
system is a very complex nonlinear system. With the de-
velopment of nonlinear science and mathematics, quan-
titative research and dynamics mechanism research have 
been deep into the earth science, environmental science, 
resource science and economics etc [14-17]. Only a profound 
understanding of the intrinsic dynamic relationship and 
the development mechanism between management object 
(element) can enable the implementation of scientific and 
effective government management and reform, so as to 

achieve the maximum the utilization of limited resources. 
Therefore, it is necessary to study the intrinsic relationship 
between the shortage of resources and enterprise decline 
from the angle of nonlinear dynamics.

From the dynamic perspective, this paper will analyze 
the dynamic mechanism of vulnerability production of 
resource-based enterprises community, select the key 
factor as resources, set up a nonlinear dynamic model of 
enterprise competition for the first time in describing the 
enterprise community economy resource market evolu-
tion (development or recession), and using this model 
simulation studies the dynamic constraints relationship on 
a certain resources shortage rate that will cause Chinese 
enterprise decline , thus in the competition strength and 
the competition advantage of the asymmetric conditions, 
provide scientific theoretical basis with minimal resources 
shortage rate for the resource-based enterprises communi-
ty development and positioning, the government and in-
dustry departments to study and formulate the governance 
model for the vulnerability of Chinese enterprise commu-
nity (community, population, and the dominant species in 
this paper refers to the resource type) .

2. The Resource-based Enterprises Commu-
nity Competition Dynamics Model

Assuming the total resources is 1 in one certain industry 
in China, pi is the resources occupancy rate(0‹pi‹1) which 
an enterprise (company) i hold on the resources rate under 
the resources market economy system; c I is resources oc-
cupation rate for the enterprise (company) i to peer (pop-
ulation) other enterprise (company) , namely, resource 
development capacity; m i for enterprise i internal rate of 
decline; D is the resources shortage rate of China under 
the global resources market economy system.

The so-called enterprise decline under the global re-
sources market economy system, in fact it is that enter-
prises share of resources Pi with time evolution problem 
when shortage of certain rate of resources. If Pi tends to 
zero with time increases and it means that the declining 
trend of the enterprise. Conversely, if the Pi tends to large 
with time increases, it means that the enterprise develop-
ment and expansion.

Because the enterprise (company) share resources rate 
relate to its competition ability and internal decline rate. 
Zhenshan Lin put forward the following hypothesis rele-
vant enterprise decline rate mi and the company share of 
domestic resources rate ( 0

ip ( ni 2,1= )) when there is 
no shortage of resources. Hypothesis: each enterprise of 
peer (a group) has equal internal rate of decline, enterpris-
es (a group) in China as no shortage of resources share on 
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the rate of domestic resources 0
ip  for the geometric series 

distribution;   

mmi =  
1

0 )1( −
= −= i

Di qqp  (1)

In the condition of no shortage of resources, stronger 
(large) companies have more share on the rate of resources.

Based on the above assumptions, we reference the dy-
namics model of metapopulation, the following dynamics 
model of competitive enterprise is proposed under re-
sources market economy:

 (2)

Equation (2) illustrates the resources under the mar-
ket economy system, enterprises in different countries 
(company) are the coexistence of the resources and the 
natural decline rate for dynamic balance between com-
petitive ability, exploring different between enterprises, 
and this balance requires less competitive (small) firms 
with strong resources development ability. The right 
side sectors of Equation (2) means the enterprise re-
sources on the successful occupation; enterprise nature 
(internal) rate decline due to the reduction of resource 
share; reduction rate of resources possession due to 
competitive factors.

3. The Dynamic Mechanism of Vulnerability 
Resource Type Enterprises, When D>q

3.1 Mathematical Derivation and Theoretical 
Analysis

Assuming that the global resources under the market 
economy system, the net resources shortage ratio in China 
is D, Chinese enterprise (a group) survival pattern reach a 
new equilibrium, enterprise occupies the resource ratio of 
pi

e (dpi/dt=0), namely the solution of steady state of (3):

 (3)

Obviously, 0iP
∧

≤ false,
12)1(1/1 −−−=−≥ i

ii qcmD  (4)

When the condition is met, the top i of strong (large) 
enterprise (company) in the enterprise population will de-
cline.

The formula (4) is the critical constraint relationship 
between the decline of large enterprises and the shortage 
ratio of resources and the strongest (large) enterprise oc-
cupies the share of resources.

Figure 1 demonstrates the critical decline constraint 
conditions of D=1- (1-q)2i-1, the relationship between the 

number of big business enterprise in the decline and re-
sources shortage rate. The graph 5 curves respectively cor-
respond to five kinds of enterprises (companies) situation 
as q=0.05, 0.1, 0.2, 0.3, 0.4. Wherein, q=0.4 represents the 
largest enterprise (company) in a certain industry (popula-
tion) of China have 40% of resources ratio when without 
shortage of resources. The second companies share of 
resources =24%. Third 
companies share of resources 144.0)4.01(4.0 13

03 =−= −
=Dp

=14.4%,…. While q=0.05 represents the largest enter-
prise (company) hold 5% of resources rate in a certain 
industry (population) of China when without the re-
sources shortage. Second big enterprise resource share is 

. Third enterprise 
resource share is ,….As 
you can see from Figure1., the bigger the q, namely stron-
ger the largest enterprise in the enterprise community, lead 
to less the number of the decline of the enterprise (com-
pany) when the shortage of resources, that is weak (small) 
business are more not easy to decline.

Figure 1. The relationship between enterprise decline and 
resource shortage rate in the critical decline constraint 

conditions of D=1-(1-q)2i-1, The 5 curves correspond to the 
q=0.05,0.1,0.2,0.3,0.4, five kinds distribution structure of 

enterprises

Figure 2 demonstrates the relationship between the 
number of decline enterprise in community and the stron-
gest (large) enterprise share of resources when in the crit-
ical decline constraint conditions of q=1-(1-D)1/(2i-1). The 
graph 5 curves respectively correspond to the five kinds of 
resources shortage as D=0.5, 0.4, 0.3, 0.2, 0.1. As you can 
see from Figure 2: (1) the bigger the q, namely the stron-
ger the largest enterprise in the enterprise community, 
when the shortage of resources, the less the number of en-
terprises decline, that is weak (small) firms are less likely 
to be swallowed up by; (2) The smaller the D, the fewer 
number of enterprises lead to the decline under global re-
sources market economy.
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Figure 2. The relationship between the number of enter-
prise decline and share of resources strongest enterprise, 

In the critical decline constraint conditions of q=1-(1-D)1/
(2i-1). The 5 curves correspond to D=0.5, 0.4, 0.3, 0.2, 0.1 

the five cases

Table 1 reveals the relationship between enterprise 
decline number N and q, with the different resources 
shortage rate. Table 1 reveals that the strongest (largest) 
domestic enterprises play a certain protective role on the 
domestic weak enterprises, under the shortage of resourc-
es rate in the global resources market economy. As long 
as the strongest (large) business does not decline, other 
enterprises will not be decline because of resource rate 
shocks (note this theory is only suitable for the case of 
q<D. The situation of small enterprise first declines will 
be studied on another paper).

Table 1. The relationship between the number n of enter-
prise decline and q in shortage rate of resources

D=0.5 D=0.4 D=0.3 D=0.2 D=0.1
n=1 0.5 0.4 0.3 0.2 0.1
n=2 0.206 0.157 0.112 0.072 0.035
n=3 0.129 0.097 0.069 0.44 0.021
n=4 0.094 0.07 0.05 0.031 0.015
n=5 0.074 0.055 0.039 0.02 0.012
n=6 0.061 0.045 0.032 0.02 0.00953
n=7 0.052 0.039 0.027 0.017 0.00807
n=8 0.045 0.033 0.023 0.015 0.007
n=9 0.04 0.03 0.021 0.013 0.00618
n=10 0.036 0.027 0.019 0.012 0.00554
n=11 0.032 0.024 0.017 0.011 0.0050
n=12 0.03 0.022 0.0145 0.00966 0.00457
n=13 0.027 0.020 0.014 0.00889 0.00421
n=14 0.025 0.019 0.013 0.00823 0.00363
n=15 0.024 0.017 0.012 0.00767 0.00363
n=16 0.022 0.016 0.011 0.00717 0.00339

Table 2 gives the different Q values, the relationship 
between the shortage of natural resources and enterprise 
decline number n. Table 2 shows that the maximum en-
terprise n1 is weak (Q =0.05 small), and smaller shortage 

rate of D=q=0.05, it will lead to decay or transform; but 
n2, n3, n4 resistance is nonlinear increase in turn. When 
D increases to 6 times, n4 will decline. While q is large, 
n3, n4...etc. almost will not deteriorate in the condition of 
the shortage of resources. This means, under these con-
ditions, that the small enterprises “adapt” to the changes 
of resources and environment actively, and It has the po-
tentiality to develop into new large enterprises (the theory 
is only suitable for the case of q<D. Small enterprise first 
decline will be another paper).

It is necessary to point out that, the relevant conclusion 
shows one-sidedness from Table 1 and Table 2 In the fu-
ture research, we will reveal that the shortage of resources 
lead to decline of the small business in enterprise commu-
nity.

Table 2. When different q values, the relationship between 
resources shortage rate and enterprise decline number n.

q=0.05 q=0.1 q=0.2 q=0.3 q=0.4
n=1 0.05 0.1 0.2 0.3 0.4
n=2 0.143 0.271 0.488 0.657 0.784
n=3 0.226 0.41 0.672 0.832 0.922
n=4 0.302 0.522 0.79 0.918 0.972
n=5 0.37 0.613 0.866 0.96 0.99
n=6 0.431 0.686 0.914 0.98 0.996
n=7 0.487 0.746 0.945 0.99 0.999
n=8 0.537 0.794 0.965 0.995 1
n=9 0.582 0.833 0.977 0.998 1
n=10 0.623 0.865 0.986 0.999 1
n=11 0.659 0.891 0.991 0.999 1
n=12 0.693 0.911 0.994 1 1
n=13 0.723 0.928 0.996 1 1
n=14 0.75 0.942 0.998 1 1
n=15 0.774 0.953 0.998 1 1
n=16 0.796 0.962 0.999 1 1

3.2 Dynamic Simulation

Dynamics simulation of Fig.3 reveals that the domestic 
Enterprises (enterprise community) have dynamics charac-
teristics in the condition of large enterprises decay (D > q) 
change: (1) the D=0.3 is much greater than q=0.03, namely 
the resource shortage rate is relatively larger, the strongest 
enterprises in the domestic Enterprise Inc (enterprise com-
munity) will inevitably decline, transform or even conduct 
mergers and acquisitions of overseas resources. The relax-
ation time of the strongest enterprise n1 declining is about 
220 -1800 months. (2) With the decline of strongest enter-
prises, the order to the critical threshold of the enterprises 
were second, third, fourth, fifth strongest enterprises, when 
D>q, the strong enterprises of China’s will decay before the 
weak enterprises. (3) on the condition of high rate resources 
shortage,  the survival firms will experience the following 
stages of development and adaptation: ① forced adaptation 
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or resistance stage: in the short time period after the shortage 
of resources (1/m), the share of resources of all enterprises 
fell sharply. But the weakest companies declined minimally, 
namely the smallest enterprise in the resource-based enter-
prises community has the strongest resistance. ② The recov-
ery stage: This is the nonlinear interaction process on a very 
complex resource type enterprises competition, the concrete 
manifestation is: Chinese enterprises community within the 
multi equilibrium coexistence and the strongest enterprises 
constantly replaced, usually according to the weakest, the 
second weakest... Order to serve as the strongest enterprises. 
The recovery phase clearly reveals the local strong enter-
prises (dominant) are frequently established and alternated. 
This indicates the resource competition is very fierce; all the 
surviving enterprise share resource rate changes are periodic 
in a long period of time. ③ the stable stage: after a long term 
development, when the system reaches the new equilibrium 
state, the original top 5 enterprises are orderly decline after 
the fall, n6, n8, n10 (note not n7!) become the strongest, sec-
ond strongest and the third strongest enterprises.

We believe that, when the resources shortage ratio D is 
greater than a certain threshold, the first decline is the most 
competitive enterprise instead of the weak enterprise that 
generally thought, the implication behind are as follows: 
(1) from a perspective of competition mechanism between 
enterprises within the community, the ability of exploiting 
resources of strong enterprises is insufficient, and the weak 
enterprises can survive the condition with resources short-
age, because they have strong resources development ability; 
(2) From the perspective of company stability, the weaker 
the enterprise to the impact of external resistance, the stron-
ger with its recovery (adaptation) force; on the contrary, 
the stronger enterprises, the weaker its ability to adapt and 
recover. Since any strong (large) companies have limited 
resistance to resource degradation, once the resource chang-
es (shortage) exceeds the limit , the  self-adjustment abili-
ty will decline rapidly and even disappear, resulting in the 
strong business decline and transformation. Small businesses 
have strong recovery ability, so they can quickly adapt to the 
new situation of resources from resources challenges.

Figure 3(b) clearly shows that Chinese resource-based 
enterprises community in the recovery stage that exces-
sive state small enterprises played a process of the strongest 
enterprises from weak to strong by the order (the most dom-
inant species, the strength of possession resources rate are 
more than the original n1 0.037!) So, Chinese enterpris-
es adaptive development is the revolutionary after the 
shortage of resources (the cost is the top 5 strong enterpris-
es closed and recession), in the direction of the good (strong). 
The originally strongest enterprise n1 occupy resources rate 
of 0.037, while the share of resources rate of n9, n8, n7, 

n6 are respectively 0.0543 (0.038/0.7), 0.057 (0.040/0.7), 
0.06 (0.042/0.7) and 0.063 (0.044/0.7) in the development 
process; and are respectively 146.8%, 154.1%, 162.2%, 
170.3% correspond to the original maximum enterprise re-
source possessed rate 0.037. Visibly, the ecological system of 
Chinese enterprises under the global resources market econ-
omy is more centralized and monopolized. It may be enough 
to cope with the new possible competition for resources, the 
ability of enterprise community against resources shortage 
has been greatly improved. From Figure 3 (b) can also see 
that the minimum n10 under natural resources shortage (under 
the global resources market economy) in 10 years later, n9 
in 18 years, n8 in 30 years, N7 in 35 years, n6 in 70 years, 
respectively become the strongest enterprise of system pro-
cess; But the strongest is the n6 survivors of final stable Chi-
nese some industries and enterprises system. The enterprise 
strength order of new equilibrium state is n6-n8-n10 (even) 
-n7-n9 (odd); namely, the surviving even enterprise will 
become strong enterprises, and the survived odd enterprises 
will become the weak enterprises. This is an important sym-
metry law of business strength order distribution, the follow-
ing will further study.

(a)

(b)

Figure 3. The relatively large shortage rate causes the 
decline of top 5 businesses in a resource-based enterprises 
community of China. The parameters : D=0.3, q=0.037, 
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m=0.1, n=10. (a),(b)respectively correspond to different 
time intervals

The parameters difference in Figure 4 and Figure 3 
only lies in the enterprise internal different decay rate. 
Figure 4 m=0.2, while figure 3 m=0.1. The difference 
between the simulation results exhibit only shorten to 
the relaxation time of decay. m=0.1 (Figure 3), the enter-
prise decline relaxation time is 220 -1800 months, while 
m=0.2, the enterprise decline relaxation time is 100-900 
months. Comparing Figure 4 and Figure 3 we can investi-
gate that the change of m almost does not affect the peak 
values of the equilibrium state, but only change the peak 
time. When m is smaller, the emergence of the peak and 
equilibrium mutation time is longer; when m becomes 
larger, occurrence of each peak and equilibrium mutation 
time shorter. m smaller mean enterprise average life cycle 
increases, resulting in strong corporate succession time 
growth. While m becomes larger, means that enterprises 
average life cycle is shorter, resulting in strong enterprises 
to shorten the time of succession.

Figure 4. The relatively large shortage rate lead to the 
decline of top 5 business in a certain industry of China. 
The parameters: D=0.3, q=0.037, m=0.2, n=10. And the 
difference with fig.3 (m=0.1) is that shorten the relax-

ation time of enterprise decline. m=0.1 (Fig.3), 220 -1800 
months is enterprise decline relaxation time, m=0.2, enter-

prise decline relaxation time is 100-900 months

In order to further illustrate the dynamic characteristics 
and response process of adaptation of enterprise com-
munity to the shortage of resources, we are given n=10, 
D=0.3, and Q respectively 0.1 and 0.15 (corresponding to 
different industries population structure) of the simulation 

results, as shown in figure 5a-b.

(a)

(b)

Figure 5. Response and adaptation process on enterprises 
for resource shortage. n=10, D=0.3, m=0.02. (a) q=0.1; (b) 

q=0.15

From figure 5(a-b) and Figure 3 the dates show that: 
(1) in the premise of D>q, the larger values of D/q, the 
more the number of the enterprise decline due to the 
shortage of resources caused by. D/q=0.3/0.037=8 (Fig-
ure 3), resource-based enterprises community the top 5 
strong enterprises will turn all decay or transformation, 
and when D/q=0.3/0.15=2 in community only the stron-
gest enterprise N1 decay; (2) After equilibrium coexis-
tence and the strongest enterprises (optimal) continuous 
replacement process, the ecological system of resource 
type enterprises achieve new equilibrium state, Chinese 
(a resource-based industries) enterprises system strength 
sequence will strictly abide by the even-odd symmetry or 
odd-even number symmetry laws. It is concluded that if 
because of the shortage of resources and cause the sys-
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tem to have an odd number of enterprise decline, then 
after the adaptive stability system (a business) enterprise 
strength order obey the odd-even symmetry laws, name-
ly the original number-even enterprises become strong, 
while the original number-odd enterprises turn into the 
weak. If the community has an number even of enter-
prise decline, then the enterprise strength order after the 
adaptive stability system obey the odd-even symmetry 
laws, namely the original number odd enterprises become 
strong, while the enterprise for original serial number 
even into a weak. For example, when D/q=0.3/0.1=3, 
the top 2 enterprises of the system will decline, then the 
new equilibrium state enterprises strong weak ordering: 
n3→n5→n7→n9→n4→n6→n8→n10. And when D/
q=0.3/0.15=2, the top 1 enterprises of the system will de-
cline, then the enterprises new equilibrium state strong-
weak order: n2→n4→n6→n8→n10→n3→n5→n7→n9.

We believe that under the global resources market 
economy, different resource type enterprise in China can 
continue to grow and develop based on following rules, 
grasping the information of industry resources shortage 
rate and the resources share of the strong enterprises, rec-
ognizing the odd-even symmetry or odd-even symmetry 
rules under the resources market economic system, and 
understanding the correct position in business activities. 

4. Conclusions

We have used mathematical analysis and numerical sim-
ulate and systematically studied the enterprise decay 
dynamics mechanism and constraint relation for different 
resource-based enterprise communities in different case of 
shortage of resources. The results show that in the case of 
D>q (namely, the rate of resources shortage is greater than 
the strongest enterprise in the enterprise community share 
resource rate) and D<q (i.e., the rate of resources shortage 
is less than the most enterprises in the enterprise commu-
nity on the rate of resources share), community evolution 
complies with two distinct dynamics mechanism. In the 
circumstance of D>q, which refer as resource shortage 
rate is greater than resource share rate of the strongest 
enterprise in enterprise community, Chinese enterprises 
evolution under the global resources market economy has 
the following rules and characteristics:

(1) The dominant species (strong) enterprise n1 will 
inevitably decline and undergo transformation in the re-
source-based enterprises community. With the resource 
shortage rate increased, the weaker enterprises will de-
cline along with the strongest enterprises. The larger value 
of D/q comes with more decline of strong enterprise in 
community. The relaxation time order of magnitude which 
leads to decline or transit buffer is ranging from 5 to40 

years.
(2) When the strongest enterprises n1 is weak in the re-

source-based enterprises community (q minor), the small 
disturbance resources (shortage) can cause it to decline 
and even transform. But the resistance of n2, n3, n4 is 
increasing nonlinearly in turn. While q is large, n3, n4...... 
will not decline under the condition of the shortage of re-
sources, which means that the large enterprises in industry 
system come stronger. When resources shortage appears, 
the less enterprises decline, and the weak enterprises will 
not easily decay. This means that small enterprises have 
become adaptive for the changes of resources environ-
ment, which is helpful to further evolve into new large 
(strong) enterprises at any time.

(3) The surviving enterprises after the resources short-
age in the community will experience three stages of evo-
lution: ① The resistance stage: in this stage, the enterprise 
community (all species) the steeply decline in share re-
source rate. But the weakest company declined minimally, 
namely the weakest enterprises in the enterprise commu-
nity have relatively stronger resistance. ② The recovery 
stage: This is a complex nonlinear interaction process of 
many enterprises in various group, except for the n1, all 
companies in enterprise community have served as the 
strongest enterprises sequentially according to the weak-
est, the second weakest... order, showing the frequent 
establishment and alternation of local area advantage 
enterprises. China enterprises adaptive evolution is rev-
olutionary evolutions which continuously develop itself 
in a good way after resources shortage risks. The highly 
adaptive large enterprises in the community can be more 
centralized and monopoly sufficient to cope with more 
potential resources challenges. ③ The stable stage: after 
multiple equilibria coexist and the strongest enterprises 
(optimal) continuous replacement process, the enterprise 
ecological system achieves a new equilibrium state, the 
system order is strictly abided by the even-odd symmetry 
or odd-even symmetry law. That is, if because of resourc-
es shortage and lead to an odd number of enterprise de-
cline in enterprise community, when it adapted to stability, 
the community enterprise strength order is following odd-
even symmetry rules, namely the enterprises that original 
serial number for even number will evolve into the strong, 
and that the original serial number for odd number will 
evolve into the weak. If there is an even number of enter-
prises decline in the community, when it becomes stable, 
the order will obey the odd-even symmetry rules, namely 
the original odd number of enterprises become strong, and 
that the original even number evolve into the weak enter-
prise.

(4) The change of enterprise decline rate m almost does 
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not affect the peak value of each equilibrium state of en-
terprise community; it only changes the peak time. When 
m comes smaller, the time of the peak emergence and 
equilibrium mutation become longer; and vice versa.

(5) Whether the declining reason is caused by q or D 
changes, the dynamic mechanism are the same for large 
enterprises, the dynamics of changes of q and D is equiva-
lent.
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